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Fig. 1-1. The Type 230 Digital Unit. 
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Type 230 

SECTION I 

CHARACTERISTICS 

General Information 

The Typé 230/R230 Digital Unit is designed for use 
with the Tektronix Type 568 Oscilloscope as part of a 
digital readout system for making automatic digital measure- 
ments of voltage, time between percentage points, and time 
between pulses on one or two waveforms. All functions of 
the Type 230 are programmable, making the instrument ap- 
propriate’ for applications requiring a variety of measure- 
ments that can be changed in rapid sequence. The Type 230 
may also be operated from the front panel controls, although 
the functions of the instrument are limited as compared to 
those available with external programming. The Type 230 
provides front panel readouts including + or —, unit of 
measure, and a 4-digit numerical readout. Go-no-go limits 
are also indicated. Rear panel connectors provide inputs 
for external programming, and binary-coded-decimal out- 
puts of the front panel information. 

The instrument is designed to operate over an ambient 
temperature range of 0° C to +60° C. Performance speci- 
fications given in this section apply over this temperature 
range after a 5-minute warmup period, provided the instru- 

ment has been calibrated at +25° C =+:5°C. Additional 

information describing some characteristics and features is 
also included where needed in this portion of the manual. 
Characteristics given under Operational Information are not 
specifications in themselves and are not necessarily checked 
in the performance check or calibration procedure. 

Information given in this instruction manual applies to both 
the Type 230 and Type R230 unless otherwise specified. The 
Type R230 is electrically identical to the Type 230, but is 
equipped with front panel pull handles and slide-out tracks 
for rackmounting in a standard 19-inch rack. Rackmounting 
instructions, a mechanical parts list and a dimensional draw- 
ing of the Type R230 are provided in Section 8. 

Thoughout the text, each plug-in circuit card is referred 
to either by the circuit number of the plug (which constitutes 
the edge of the card) or by the circuit number of the jack 
into which the card is plugged. For example, the Buffer may 
be referred to either as P5 or J5. When reading the text, 
consider that these plug and jack circuit numbers are inter- 
changeable. 

OPERATING CHARACTERISTICS 

Characteristics Operating Information 

Input External from a Tektronix Type 568 Oscilloscope. 

Units of Measure? 
Volts Readout in millivolts (MV) and volts (V). 

Time Readout in nanoseconds (NS}, microseconds (5S), milliseconds (MS), and seconds (S). 

Numerical Range* Readout from —3999 to +3999. 

Display Time* Variable from 0.01 second to 10 seconds, 

Preset Limits Range? 

Upper From —3999 to +3999 

Lower From —3999 to +3999 

Externally Programmed Front Panel Operation 

Time Measurement Start and 

Stop Point Range 

% Between Zones 0% to 159% 0% to 99% 

Vertical Millimeters Offset 
reference zone 

Omm to 159mm above or below the Omm to 99mm above the 0% zone, 0mm 

to 99mm below the 100% zone. 

able. 

No more than 80 mm of offset is usable, since only 80mm of vertical display is avail- 

Horizontal Millimeters Offset 1mm to 159mm from sweep start. No 
more than 105mm is usable. 

Tmm to 99mm from sweep start. 

ELECTRICAL CHARACTERISTICS 

Characteristics Performance Specification 

Zone Generators, Ch A and Ch B, 

0% and 100%, Pl and P2. 

Zone Position Horizontal increments of 0.5 major division from sweep start. 

Accuracy Within 1 minor division of position programmed. 

Zone Width 0.3 cm, 2cm, 4cm or 10cm (fo end of sweep) from start of zone. 

Digital readout from Nixie tubes on Type 230. All references to major or minor divisions of display refer to Analog readout from Type 
568 CRT. Nixie Trademark Burroughs Corporation. 
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Characteristics—Type 230 

Characteristics Performance Specification 

Accuracy Within 1mm when programmed 
for 0.3 cm width; within 10% when 

programmed for 2cm or 4cm 
width. 

Memories, Ch A and 

Ch B, 0% and 100%, 
P3 and P4. 
Memory Output Level —0.6V to +5.4V. 

Accuracy Within 6mV of input voltage. 

Leak Down 30 mV or less in 10 seconds. 

Peak Charge Time 15 us of zone or peak signal time. 

Buffer, P5 

Ch A and Ch B Signal 
Gain 0.5V/div output for 1.0V/div 

input, 
Output Level 42.15V -+0.10V 

+10.0 V DC input. 
output for 

5V RAMP 
Gain 0.5V/div +05% for 5V/div 

input; adjustable to 0.5 V/div 
+0.2%. 

Linearity Within 1% of input linearity. 

DC Level 0.0V +20mvV for 0.0V_ input; 

adjustable to 0.0V -1 mV. 
50 V RAMP 
Gain Adjustable to give proper zone 

position at 9th graticule line.” 

VOLTMETER RAMP Adjustable, 5mV/ys, 2.5 mV/s, 

and 10 mV/us. 
Linearity Within 0.25%. 

Comparators, Pé and P7 
Signal Input Range At least —1.0 V to +5.0V. 

Offset Voltage Out £50 mV to +£4.95 V. 
Accuracy Within 0.25% +2mV of pro- 

grammed offset. 

Operating 0° C to +60°C 

Non-operating —40°C to +65° C 

Maximum Altitude 
Operating 15,000 feet 
Non-operating 50,000 feet 

Vibration (Operating) Performs within specifications af- 
ter being vibrated for 15 minutes 
along each axis at frequencies 
from 10 c/s to 50 c/s and acceler- 

ations up to 1.9 g. 

Shock (Non-operating} Performs within specifications af- 
ter being subjected to guillotine 
type shocks of 30 g’s one-half sine, 
11 millisecond duration. One 
shock each direction along each 
axis {total of 6 shocks). 

Transportation (Non- 
operating) Vibration Performs within specifications af- 

ter transportation package has 
been vibrated for ] hour at ac- 
celerations up to 1g. 

Drop Test Performs within specifications af- 
ter transportation package has 
been dropped from a height of 30 
inches on one corner, on each 

edge radiating from that corner 
and on each flat side of the pack- 
age. 

MECHANICAL CHARACTERISTICS 

Characteristics Description 

Offset Tracking 
Accuracy Within 1 mV of input reference, 

from +0.15V to +4.15V. 

% Offset Gain 0% to 99% of voltage difference 
between 0% and 100% memory 
levels. 

Accuracy Within 0.25% +2 mV of program- 
med voltage. 

External Control 
Plus Trigger 

(J204-Pin 29) 
Positive step of 4 volts or more, 
having a ristime of 1 microsecond 
or less. 

Minus Trigger 

(J204-Pin 30) 
Negative step of 4 volts or more, 
having a negative-going risetime 
of 1 microsecond or less. 

ENVIRONMENTAL CHARACTERISTICS 

Characteristics Performance Specification 

Ambient Temperature 
Range 

7Model 1 not independently adjustable. 
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Construction 

Chassis and cabinet Aluminum alloy 

Front panel Anodized aluminum alloy 

Circuit cards Epoxy laminate with etched wiring 

Approximate 
Dimensions 

Type 230 
Height 8 inches, including feet 

Width 167%, inches 

Depth 22 inches, including knobs and 
rear-panel feet 

Type R230 
Height 7 inches 

Width 16%, inches; fits into a standard 
19 inch rack 

Depth 223/, inches, including handles 
and rear-panel feet 

Connectors 
Input, programming 
and readout (rear 
panel) 

Microribbon type 36-terminal jacks 
(total of 6} 

Ventilation Forced filtered air; overheat pro- 
tection by means of thermal relay. 
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POWER SOURCE ELECTRICAL REQUIREMENTS 

Characteristic AC RMS Operating Range Operational Information 

Line Voltage 
Low 
100 VAC Nominal 90 volts to 110 volts 

200 VAC Nominal 180 volts to 220 volts 

Medium 
115 VAC Nominal 104 volts to 126 volts 

230 VAC Nominal 208 volts to 252 volts 

High 
124 VAC Nominal 112 volts to 136 volts 

248 VAC Nominal 224 volts to 272 volts 

Power connection changed 
by means of rear-panel 
line-selector assembly; nor- 

mally set for 115 VAC. 

Medium operating range 
when shipped from the 

factory. 

Line Frequency 48 to 66 Hz 

Power Consumption 130 W omaximum 



NOTES 



Type 230 

SECTION 2 

OPERATING INSTRUCTIONS 

General Information 

This section of the manual provides the basic information 
required for operating the Type 230. Instructions are 
included for installing the instrument, using the front-penel 
controls and connecting the input and output signals from 
the indicator oscilloscope. For remote operation, refer to 
Section 3 Programming Insiretions. 

Rackmounting 
Instructions for rackmounting the Type 230 are given in 

the Rackmouniing foldout pages of Section 11. Aer the 
slide-out tracks have been installed in the rack, the Type 
230 may be removed or re-inserted at any time as described 
in the Rackmounting section. 

Operating Voltage 
The Type 230 may be operated from either « 115-volt or 

230-volt_nominal line voltage source. The LINE VOLTAGE 
SELECTOR assembly, located on the rear panel, converts 
the instrument from one operating range to the other (115 
oF 230 volts. This assembly also allows selection of one of 
three regulating ranges and contains the two line fuses. 
When the instrument is converted from one nominal line 
voltage source to the other, the assembly connects or dit 
connects one of the fuses 10 provide the proper protection 
for the power transformer. 

Use the following procedure to convert this instrument 
between line voltages or regulating ranges: 

1, Disconnect the instrument from the power source. 

2. Remove the two captive screws which hold the cover 
to the assembly and remove the cover. 

3. To convert to @ different ine voltage, pull out the 
Voltage Selector switch bar (Fig. 2:3), turn it around 180° 
cond plug it into the opposite set of holes. The Voltage 
Selector switch bor will be in the upper position for 115-volt 
‘operation and in the lower position for 230-volt operation 

4. To change regulating ranges, pull out the Range Selec 
tor switch bar (Fig. 2-1), slide it to the desired range and 
plug it back in. Select a range which is centered about the 
‘average line voltage to be applied (see Table 2-1) 

5, Reinstall the cover and the two captive screws. Be 
sure the cover fits firmly against the rear panel. This ensures 
that the line fuses are installed correctly 

6. Before applying power to the instrument, check that 
the indicating tabs on the switch bars protrude through the 
proper holes of the cover for the correct line voltage and 
regulating ranges. 

oi 

smbly with cover removed. Shown 
medium-range ‘operation. 

CAUTION 
230 should not be operated with the 

tor or Range Selector switches in the 
for the line voltage applied. 

Operation of the instrument with either switch in 
the wrong position will provide incorrect opera- 
tion or damage the instrument. 

TABLE 2-1 
Regulating Ranges 

Range Selector 
Switch Positions Regulating Ranges 

LO (owitch bar in left 90 to 10 volis 
position} (180 to 220 volts) 

™M (switch Bar in center TO4 to 126 volts 
position) (208 to 252 volts) 

HI (switch bar in right | 112 to 136 vols 
position) (224 t0 272 volts) 

It may be necessary to use a 115.volt to 230-volt adapter 
to match the power plug to the power-source receptacle, 
or the power cord and plug may be changed, Use the 
following procedure to change the power cord 

{. Disconnect the power plug from the power source. 
b. Unsolder the ground wire (green) from the ground lug 

{see Fig. 2-2) 
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Operating Instructions—Type 230 

e Unsolder the black wire and the white wire from the 
ceramic strip. If you are not familiar with soldering tech- 
riiques used on ceramic strips refer to Soldering Techniques 
in the maintenance section, 

4d. Compress the strain relief and pull the power cord out 
through the rear pane. 

fe. Cut and strip the leads on the new power cord to the 
same length as those on the old cord. 

{Install the power cord through the hole in the rear 
panel and solder the leads to the same terminals from which 
the previous cord was removed; [see Fig. 2.2) 

@: Place the sirain relief on the power cord near the rear 
panel, compress the sirain relief and recinstall it into the 
hole in the rear panel. 

Time Measurement ZONE 

aos 

SLOPE. Refers to the rising or falling portion of a pulse or 
waveform which is being presented on the CRT of the Type 
568 Oscilloscope. Two types of slopes will be referred to; a 
positive slope (rising) and a negative slope falling). See 
Fig, 2-4 for pulse slope definitions. 

To 4" 
Tet SLOPE -}—1at — stoPE | 

/. | L r 4 i 

POSITIVE 4 use | 
Fig. 22 230 showing the location of the f ground red fer ch rower — Nagano | 

ruse --++—} 

Definition of Terms _ 
Some terms are used throughout this manual that may at jot [oetiatenmest 1 eat, Ore 

appear confusing to an operator unfamiliar with Tektronix Land" store 
digital readout terminology. 

ZONES. The Type 230 produces three intensified zones on 
Channel A and/or Channel B trace of the Type 548 Oscillo 
scope; the 0% zone, the 100% zone and the time measure: 
ment zone. Each zone appears as a brightened portion of 
the trace (Fig. 2-3) 

The 0% and 100% zone position and width are deter- 
mined by the setting of the REF ZONEPOSITION and 
WIDTH controls. 

The time measurement zone is only produced on a time 
measurement. Its width and position depend on the setting 
of the TIME MEASUREMENT START and STOP POINT con- 
{rols. The time measurement zone intensifies the portion of 
the display being measured 
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Fig. 2-4, Pulse slope definitions 

FUNCTION OF FRONT PANEL CONTROLS, 
SWITCHES AND INDICATORS 

MEASUREMENT 
MODE Switch 

Selects operating mode of instrument for 
the type of measurement to be made. 
TIME—Used for all time measurements. 
‘A VOLTS—Used for voltage measurements 
of the waveform on channel A of the verti- 
cal plug-in unit in the Type 568. 

@
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DISPLAY ‘Switch 
cr MEASUREMENT TIME 

INTENSIFICATION acon hl 
REF Switch ZONES Numerical Bt all Readout Tubes 

Tu ——. 

ExT HOLD 
CHANNEL A Light 
REF ZONES 

i READY 
0% POSITION — ‘ ght 

Control 

Control 
0% LevEL-wioTH 

‘Switch 
100% LEVEL-WIOTH 

Switeh 

upper Limit 

~ tower umir 
cuanner s W/ ‘contole 
REF ZONES 

0% POSITION 
‘contol 
100% POSITION WiKi 

UMTS 
(0% LeveL.WIDTH TIME MEASUREMENT ot 

th START POINT 
100% LeVEL-WIDTH re 

Switeh TIME MEASUREMENT 
STOP POINT 

Miscellaneous Inport 
fend, Output Conned 

ut Oscilloscope ay 
‘Connector 

Not 

Fig. 2-5. Front ond rear-panel controls and connectors on the Type 230. 



Operating Instructions—Type 230 

B VOLTS—Used for voltage measurements 
of the waveform on channel B of the verti- 
cal plug-in unit in the Type 568. 

EXT PROG—Sets up instrument for exter- 

nal programming through the connectors 
at the rear of the instrument. Disconnects 
all front-panel controls except TRIGGERED 
MEASUREMENT, DISPLAY TIME and CRT 
MEASUREMENT, DISPLAY TIME, CRT IN- 
TENSIFICATION, MODE and POWER. 

CRT INTENSIFICATION CONTROLS 

TIME 
MEASUREMENT 
Switch 

REF ZONES 

Switch 

MEASUREMENT 
AVERAGING 
Switch 

CHANNEL 

POSITION 
Switch 

0% LEVEL- 
WIDTH 

2-4 

ON—Intensifies that portion of the wave- 
form being measured between the TIME 
MEASUREMENT START POINT and _ the 
TIME MEASUREMENT STOP POINT when 
the MODE switch is set to TIME. 

OFF—Turns off the intensification of the 
time measurement. 

BOTH—Intensifies both the 0% ZONE 

and the 100% ZONE on the CRT of the 
indicator oscilloscope. 

100%—Intensifies only the 100% ZONE 
on the CRT of the indicator oscilloscope. 

0%—Intensifies only the 0% ZONE on the 
CRT of the indicator oscilloscope. 

OFF—Turns off both the 0% ZONE and 
the 100%. ZONE intensifications. 

8—Averages measurement of eight con- 
secutive sweeps. 

1—Measurement made on one sweep only. 

A and B REFERENCE ZONES 

0% (Outer Knob]—Positions the 0% 

ZONE on the channel A waveform. Moves 
the starting point of the intensified zone 
in Yo centimeter steps across the face of 
the CRT. 

100% (Center Knob)—Positions the 100% 

ZONE on the channel A waveform. Moves 
the starting point of the intensified zone 
in % centimeter steps across the face of 
the CRT. 

AVERAGE—Sets the WIDTH of the channel 
A 0% ZONE to 0.3 centimeters. Refer- 

ences the start or stopping point of meas- 
urement to the average level of the sig- 
nal within the 0.3cm zone width. 

NEG PEAK-2 cm—Sets the WIDTH of the 
channel A 0% ZONE to 2 centimeters. 

References the start or stopping point of 
measurement fo the most negative peak 
within the 2cm zone width. 

NEG PEAK-4 cm—Sets the WIDTH of the 
channel A 0% ZONE to 4 centimeters. 

References the start or stopping point of 

100% LEVEL- 
WIDTH Switch 

the measurement to the most negative 
peak within the 4cm zone width. 

NEG PEAK-10 cm—Sets the WIDTH of the 
channel A 0% ZONE to 10 centimeters. 

References the start or stopping point of 
the measurement to the most negative 
peak within the 10cm zone width. 

AVERAGE—Sets the WIDTH of the chan- 
nel A 100% ZONE to 0.3 centimeter. 

References the start or stopping point of 
measurement fo the average level of the 
signal within the 0.3. cm zone width. 

POS PEAK-2 cm—Sets the WIDTH of the 
channel A 100% ZONE to 2 centimeters. 
References the start or stopping point of 
measurement to the most positive peak 
within the 2¢m zone width. 

POS PEAK-4 cm—Sets the WIDTH of the 
channel A 100% ZONE to 4 centimeters. 
References the start or stopping point of 
measurement to the most positive peak 
within the 4cm zone width. 

POS PEAK-10 cm—Sets the WIDTH of the 
channel A 100% ZONE to 10 centimeters. 

References the start or stopping point of 
measurement to the most positive peak 
within the 10cm zone width. 

TIME MEASUREMENT START POINT 

CHANNEL 
Switch 

SLOPE 
Switch 

LEVEL 
Switches 

Selects either channel A or channel B to 
start the time measurement. 

The +, — switch and the 1ST, 2ND switch 
are used in conjunction with each other. 
The +, — switch allows the time measure- 

ment to be started on either a positive 
(+) or negative (—) going slope. The 1ST, 

2ND switch allows the time measurement 
to be started on either the first or second 
positive slope, or the first or second nega- 
tive slope, depending upon where the +, 
— switch is set. As an example, with the 

+, — switch set at + and the 1ST, 2ND 

switch set at 1ST, the time measurement 

will start on the first positive slope. 

Two switches are labled LEVEL—one is a 
rotary type, the other a lever switch. The 
lever switch selects one of four ways of 
starting the time measurement; % BE- 

TWEEN ZONES, mm ABOVE 0% ZONE, 
mm BELOW 100% ZONE and HORIZ 
mm FROM SWP START. The offset dials 
{rotary switches) select either the percent- 
age or millimeters as indicated by the 
lever switch. The offset dials are always 
read directly; the outer contro! indicates 

tens and the inner control indicates units, 

for either percentage or millimeters, 

% BETWEEN ONES—Used for measuring 
a specified percentage (as set by the off- 
set dials) between the 0% zone and the 

@l



100% ZONE. As an example, for rise- 

time measurements, the lever switch is set 

at % BETWEEN ZONES and the offset 
dials are set at 1 and 0. The time meas- 

urement will start at the ten percent point 
of the waveform being measured. 

mm ABOVE 0% ZONE—Used to start the 

time measurement a specified number of 
millimeters (as set by the offset dials} 
above the reference level of the 0% 
ZONE. As an example; with the lever 
switch set at % BETWEEN ZONES and the 

offset dials set at 1 and 0, the time meas- 

urement will start ten millimeters (or one 
centimeter) above the reference level of 

the 0% ZONE. 

mm BELOW 100% ZONE—Used to start 

the time measurement a specified number 
of millimeters (as set by the offset dials) 

below the reference level of the 100% 
ZONE. As an example; with the lever 
switch set at mm BELOW 100% ZONE and 

the offset dials set at 1 and 0, the time 

measurement will start ten millimeters (or 

one centimeter) below the reference level 
of the 100% ZONE. 

HORIZ mm FROM SWP START—Used to 
start the time measurement a_ specified 
number of millimeters after the start of the 

sweep. As an example; with the lever 

switch set at HORIZ mm FROM SWP 
START and the offset dials set at 15, the 

time measurement will start 15 millimeters 

(or 11/4 centimeters) after the start of the 

sweep. 

TIME MEASUREMENT STOP POINT 

These controls perform the same functions as those just 
described under Time Measurement Start Point. However, this 
group of controls is concerned with the end of the time meas- 
urement. 

UPPER LIMIT 
Switches 

LOWER LIMIT 
Switches 

@1 

LIMIT CONTROLS 

Sets the upper acceptable limit for either 
voltage or time measurements. These con- 
trols are read directly. They correspond to 
the readout tubes as they are read from 
left to right. The left inner control (+0, —0, 

etc.) corresponds to the left hand indica- 
tor tube {+, —) and to the first number 

tube. The remaining three controls cor- 
respond directly to the remaining three 
number tubes. 

Sets the lower acceptable limit for either 
voltage or time measurements. These con- 

trols are read directly. They correspond 
to the readout tubes as they are read from 
left to right. The left inner control (+0, 

—0, etc.) corresponds to the left hand 

(+, —) indicator tube and to the first num- 

ABOVE UPPER 
LIMIT Indicator 

WITHIN LIMITS 
Indicator Lamp 

BELOW LOWER 

LIMIT Indicator 

Lamp 

READY Indicator 

Lamp 

EXT HOLD 
Indicator Lamp 

DISPLAY TIME 

TRIGGERED 
MEASUREMENT 
Switch 

+, — and E 
Indicators (Left 

Nixie tube} 

Operating Instructions—-Type 230 

ber tube. The remaining three controls 
correspond directly to the remaining three 
number tubes. 

Lights if the number on the readout tubes 
is above that set on the UPPER LIMIT 

switches. This information is also avail- 

able at the Readout connector (J301 and 
the Program and Control connector (J204) 

at the rear of the instrument. 

Lights if the number on the readout tubes 
is equal to or between the limits set on 
the UPPER LIMIT and LOWER LIMIT 
switches. This information is also avail- 
able at the Readout connector (J301, and 
the Program and Control connector (J204) 

at the rear if the instrument. 

Lights if the number on the Readout tubes 
is lower than that set on the LOWER 
LIMIT switches. This information is also 
present at the Readout connector, (J301) 
and the Program and Control connector 
(J204) at the rear of the instrument. 

Lights when the instrument has completed 
a count and is ready to accept a new 
program. The light extinguishes during 
measurement time. 

Lights when an external recorder is record- 
ing the last measurement taken by the 
Type 230, and is holding. No change in 
display will be made until the external re- 
corder has completed its cycle. The Type 
230 may make the next measurement dur- 
ing this period. 

Varies the time from one readout display 
to the next. During this period the readout 
holds the last number counted, and no 

further count will be transferred into the 
storage register (readout) until the dis- 
play period ends. Variable from 0.01 
seconds to 15 seconds. 

Used only when externally programmed. 
Sets up instrument to require an external 
trigger to start a measurement when a 

new program is applied. 

On a voltage measurement, this tube 
indicates the Polarity of voltage refer- 
enced from the 0% zone to the 100% 

zone. 

On a time measurement, this tube normally 
indicates a + time; e.g., the time measure- 

ment start point occurs before the stop 
point. However, if the start point occurs 

later in time than the stop point a — will 
be indicated. 

If an average measurement of eight 
sweeps is being made (MEASUREMENT 
AVERAGE switch set at 8} it is possible 
for the tube to indicate both + and —, 
indicating that the stop occurred both 
before (—) and after (+) the start or ref- 
erence point. 
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Operating Instructions—Type 230 

E (error) is indicated whenever the 3 is 

lighted in the thousands indicator (left 
hand number tube). This is only a warn- 
ing that the thousands indicator readout 
may be in error. Since the largest number 
the thousands indicator will read out is 3, 

it is never certain whether the count is 
actually 3, or larger than 3. The read- 
out on the three remaining number indica- 
tors is always valid. 

NUMBER These four indicator tubes are read 
Indicators directly. 

Units of Mea- Indicates the unit of measure in ns, BS, 

ms, s, mV and V. This tube is turned off 

if the Type 568 plug-in unit's Time/Div or 
Volts/Div Variable controls are not in the 
Calibrated position unless the Type 230 
MEASUREMENT MODE switch is at EXT 
PROG. 

The decimal point is placed in the proper 
position by the time-base or vertical ampli- 
fier plug-in units. When programming 
externally, interpolation is sometimes nec- 
essary. 

sure Indicator 

Decimal Point 
Indicators 

FIRST TIME OPERATION 

The following procedure illustrates the use of the front- 
panel controls in the various measurement modes to familiar- 
ize the operator with the instrument. It is recommended that 
the operator follow this procedure completely for the first 
time operation. Since external programming is very close 
to duplicating front-panel operation, it will not be demon- 
strated here. Section 3 of this manual describes the methods 
of external programming. 

In addition to the Type 230, the following equipment will 
be required for this operation. 

a. Tektronix Type 568 Oscilloscope with two sampling 
plug-in units installed (Tektronix Type 353 and 314 recom- 
mended). 

b. Fast rise pulse generator, such as a Tektronix Type 111. 

c. Various cables and attenuators. 

Procedure 

1. Connect the 012-0119-01 cable between J101 of the 
Type 230 and J101 of the Type 568. 

2. Connect the Pulse Output connector of the Type 111 
to the Type 383 Probe A input connector through a GR 502 
2X attenvator, a GR 502 10X attenuator, a GR to P6088 
Probe adapter, and a P6038 Probe. 

3. Connect the Pretrigger Output of the Type 111 to the 
Trigger - External Input of the Type 374 through a 10X 
attenuator and a 502 cable. 

4. Connect a Sns length of 50.0 cable to the Charge Line 
connector of the Type 111. 

5. Connect the Type 230, the Type 568, and the Type 111 
to a power source that meets the voltage and frequency 
requirements of the instruments. Turn on all power switches. 

6. While the instruments are warming up, set the front- 
panel controls as follows: 
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MEASUREMENT MODE 

CRT INTENSIFICATION 

TIME MEASUREMENT 

REF ZONES 

MEASUREMENT 
AVERAGING 

CH A REFERENCE ZONES 

POSITION, 0% 

POSITION, 100% 

0% LEVEL - WIDTH 

100%. LEVEL - WIDTH 

CH B REFERENCE ZONES 

POSITION, 0% 

POSITION, 100% 

0% LEVEL - WIDTH 

100% LEVEL - WIDTH 

A-VOLTS 

OFF 
OFF 

1 

White dot at top center 

White dot at top center 

NEG PEAK 2 cm 

NEG PEAK 2cm 

White dot at top center 

White dot at top center 

NEG PEAK 2 cm 

NEG PEAK 2 cm 

TIME MEASUREMENT START POINT 

CHANNEL 

LEVEL 

Offset Dials 

SLOPE 

A 

% BETWEEN ZONES 

0 and 0 

+ and Ist 

TIME MEASUREMENT STOP POINT 

CHANNEL 

LEVEL 

Offset Dials 

SLOPE 

LOWER LIMIT 

UPPER LIMIT 

TRIGGERED MEASURE- 
MENT 

DISPLAY TIME 

Type 568 Vertical Unit 

Mode 

mV /Div 

Variable 

Position 

Low Noise - Fast RT 

DC Offset 

Smoothing 

Type 568 Time Base Unit 

Sweep Rate 

Variable 

Delay 

Sweep Mode 

Trigger Level 

A 

% BETWEEN ZONES 

0 and 0 

+ and Ist 

+0000 

+0000 

OFF 

Midrange 

Channel A 

100 

Calibrated 

Centered 

Fast RT 

Midrange 

Counterclockwise 

5 nSEC 

Calibrated 

1.00 

Normal 

Fully Clockwise 
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Triggering + External 

Recovery Time As desired 

Samples/Sweep X17 (1000} 

Position Centered 

Type 568 

Intensity Normal or lower 

Fecus As desired 

Scale Illumination As desired 

Calibrator Off 

Type 111 

Pulse Generator 
Repetition Rate Maximum 

Polarity + 

Range 10KC 

Trigger To Pulse 
Time Difference 

Variable Max 

Fixed Increment 0 

7. Adjust the Type 374 Trigger Level control for a stable 
display. Using the Type 3T4 position control, position the 
trace to start at the left side of the graticule. Position the 
trace at the center horizontal graticule line with the Type 383 
A Position control. 

8. Set the CRT INTENSIFICATION-REF ZONES switch to 
0%. Note that the zone is intensified on the CRT at the 

start of the trace and is 2 cm wide. Set the Ch A 0% LEVEL- 
WIDTH switch to NEG PEAK-4 cm; note that the 0% zone 

width is now four centimeters. Set the Ch A 0% LEVEL- 
WIDTH switch to 10cm and again note the change in the 
0% zone width. Reset the switch to AVERAGE .3cm. 

9. Turn the Ch A 0% POSITION control clockwise one 

position at a time. Note that the 0% zone steps across the 
CRT 0.5 centimeters for each position of the 0% POSITION 
control. 

10. Set the CRT INTENSIFICATION-REF ZONES switch to 
100%. Note that only the 100% zone is intensified and is 

2 centimeters wide. Manipulate the Ch A 100% LEVEL- 
WIDTH switch and the Ch A 100% POSITION control as 

described in Steps 8 and 9 for the 0% zone, and note that 

they perform the same functions as the 0% zone controls. 
Reset the Ch A 100% LEVEL-WIDTH switch to AVERAGE .3 

cm. 

11. Set the CRT INTENSIFICATION-REF ZONES switch to 
BOTH. Turn the Ch A 0% and 100% POSITION controls. 

Note that both the 0% and 100% zones are now intensified. 

12, Change the Type 3T4 Time/Div switch to 1] nSEC. Turn 
the Type 111 Trigger to Pulse Time Difference - Variable con- 
trol until the pulse leading edge is centered on the CRT 
screen. Adjust the Type 383 mV/Div switch to give about 
4 or 5cm of vertical deflection. 

13. Using the Ch A 0% and 100 POSITION controls, 

position the 0% zone on the baseline Y2cm from the pulse 

leading edge and the 100% zone on the most positive point 
on the pulse. Note that the readout on the Type 230 agrees 
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with the CRT display amplitude. Set the Ch A 0% and 100% 

LEVEL-WIDTH switches to 2cm and note that the readout 
increases slightly. The voltage measurement is referenced to 
the average voltage level within the zones when the LEVEL- 
WIDTH switches are set at AVERAGE, and to the most neg- 
ative peak of the 0% zone and the most positive peak of 
the 100% zone when the respective LEVEL-WIDTH switches 
are set at either 2 cm, 4 cm, or 10 cm widths. 

14. Turn the time-base Delay control slowly clockwise. 
Notice that the Type 230 readout does not change as long 
as the 0% zone remains on the baseline and the 100% zone 

remains on the pulse top. Re-position the display with the 
Delay control so the 0% zone is on the pulse top and the 
100% zone is on the baseline. Note that the polarity read- 

out changes from + to —. 

15. Position the display so the 0% zone is again on the 
baseline and the 100% zone on the most positive point of the 
pulse. Set the MEASUREMENT AVERAGING switch to 8 
and note the average value of the readout. Set the UPPER 
LIMIT switches to read one count greater than the average 
value of the readout. Set the LOWER LIMIT switches to 
read one count less than the average value of the readout. 
Turn the DISPLAY TIME control counterclockwise to speed up 
the measurement cycle. Return the MEASUREMENT AVERAG- 
ING switch to 1 and watch the three Limit lamps. Whenever 
the readout exceeds the average value, the ABOVE UPPER 

LIMIT lamp lights. If the readout equals the average value, 
the WITHIN LIMITS lamp lights, and if the readout is less 

than the average value, the BELOW LOWER LIMIT lamp 
lights. 

16. Turn the vertical plug-in unit mV/Div variable control 
out of the calibrated (detent) position. Note that the readout 

is uncalibrated, the decimal point has moved and the ‘‘units 

of measure” indicator lamp is extinguished. The “number’’ 
indicator tubes read out the measurement, but not in V or 

mV. Return the mV/Div variable control to the calibrated 

position. 

17. Reset the following Type 230 controls: 

MEASUREMENT MODE TIME 

CHANNEL A REF ZONES 

0% LEVEL 

100% LEVEL 

AVERAGE 

AVERAGE 

TIME MEASUREMENT START POINT 

LEVEL °% BETWEEN ZONES 

Offset Switches 5-0 

SLOPE +, 1ST 

TIME MEASUREMENT STOP POINT 

LEVEL °% BETWEEN ZONES 

Offset Switches , 5-0 

SLOPE —, 18ST 

18. Using the Ch A 0% POSITION control, position the 0% 

zone on the baseline preceding the pulse. Using the Ch A 
100% POSITION control, position the 100% zone on the 

pulse top. 
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Operating Instructions—Type 230 

19. Set the CRT INTENSIFICATION-TIME MEASUREMENT 
switch to ON. There is now a third intensified zone on the 
waveform. This intensified pulse portion of the trace is the 
time measurement zone, which extends from the leading 
edge 50% point to the trailing edge 50% point. The time 
measurement is read directly from the Type 230 readout. 
This is standard pulse-width measurement. 

20. Reset the following Type 230 controls: 

CRT INTENSIFICATION 

TIME MEASUREMENT OFF 

TIME MEASUREMENT START POINT 

Offset switches 1-0 

SLOPE +, 1ST 

TIME MEASUREMENT STOP POINT 

Offset switches 9-0 

SLOPE +, 1ST 

21. Using the Ch A 0% POSITION control, position the 

0% zone on the flat portion of the display just before the 
positive-going leading edge of the pulse. 

22. Using the ChA 100% POSITION control, position the 
100% zone on the peak of the pulse. 

23. Set the CRT INTENSIFICATION-TIME MEASUREMENT 
switch to ON. Notice that the type of measurement being 
made is a risetime measurement, from the 10% point to the 
90% point of the positive slope as shown by the measure- 
ment zone. 

24, Set the CRT INTENSIFICATION-TIME MEASUREMENT 
switch to OFF. Position the 0% zone at the peak of the pulse 
with the Ch A 0% POSITION control. Using the CH A 100% 
POSITION control, position the 100% zone on the flat por- 

tion of the display just after the negative-going edge of the 
pulse. Set both SLOPE switches to —. 

25. Set the CRT INTENSIFICATION-TIME MEASUREMENT 
switch to ON. The measurement being made is now a fall- 
time measurement between the 90% point and the 10% 

point of the first negative slope. The measurement zone is 
indicated by the intensification zone between the 0% zone 
and the 100% zone. 
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26. Reset the following Type 230 controls: 

CRT INTENSIFICATION 

TIME MEASUREMENT OFF 

REF ZONES 0% 

TIME MEASUREMENT START POINT 

LEVEL mm ABOVE 0% ZONE 

Offset switches 0-5 

SLOPE +, 1ST 

TIME MEASUREMENT STOP POINT 

LEVEL mm ABOVE 0% ZONE 

Offset switches 3-0 

SLOPE +, 1ST 

27. Position the 0% zone on the baseline ¥/. cm to the left 
of the start of the pulse rise. 

28. Set the CRT INTENSIFICATION-TIME MEASUREMENT 
switch to ON. The intensified measurement zone is from 
5mm above the 0% zone reference level to 30mm above 

this level. The readout corresponds to the time interval be- 
tween the start and the stop of the intensified zone. 

29. The mm BELOW 100% ZONE position of the TIME 
MEASUREMENT START POINT and TIME MEASUREMENT 
STOP POINT-LEVEL switches works in the same manner as 
the mm ABOVE 0% ZONE position, with the measurement 
being referenced to a selected point below the 100% ZONE. 

30. Turn the time-base Time/Div variable contro! out of 
the calibrated (detent) position. The readout is uncalibrated, 

the decimal point has moved and the “unit of measure” 
indicator tube is extinguished. The “number” indicator tubes 
read out the measurement, but not in mS, 2S, etc. Return 

the Time/Div variable control to the calibrated position. 

31. Vary the DISPLAY TIME control from the midrange 
position and notice the change in length of time the readout 
is displayed. This can be noticed most easily by observing 
either the READY lamp or the time measurement intensified 
zone on the CRT. Both of these are extinguished during 

measurement time, which occurs at the end of each display 
time period.



Type 230 

SECTION 3 

TYPE 230 PROGRAMMING INSTRUCTIONS 
General Information 

The 280 has a total of 105 programming inputs available 
dt the external connections located at the rear of the instru: 
ment, There are also 52 readout lines available. The char- 
acteristics of the external program input lines are as follows: 

TRUE 
For a TRUE indication, the program inputs are particu 

adapted to saturated transistor collector inputs, and 
easily function with ground closures by relays. To ensure 
that no feedback or “sneak path” occurs, a series diode 
should be inserted at each program input in use. The ideal 
logic level which constitutes a logical ONE is ground; the 
most positive level which constitutes a logical ONE is -+2 
volts 

FALSE 
To program a ZERO (FALSE), any program line may be left 

‘open. If a line is held at a specific level when programmed 
FALSE, the holding level must be more positive than -+6 
volts fo constitute a logical ZERO. Pullup on any program 
line should not exceed +12 volts. A line providing -+12 
volts at 350mA is available at J204 pin 23, 

Jacks J201, 3202, and J203 are located on the Type 230 
rear panel for external program inputs. Jack J204 contains 
program inpuls, Type 230 power supply voltages for external 
vse, and controlling outputs from the Type 230. Jack 301 
provides measurement results or readout to external devices. 
Jack J101 provides the necessary interconnections from the 
Type 230 to the Type 548 and vice-versa, (For physical 
location of the jacks see Fig. 3-1). 

Program Common Lines 
Pins 17, 18, 95, and 36 of 4201, 1202, and J203 are pro 

gram common outputs. 1204 pin 17 is also a program com 
mon output. All of the 13 program common lines join at 
the Type 230 front panel MEASUREMENT MODE switch, 
‘Only when the MEASUREMENT MODE switch is in the EXT 
PROG position will the program common lines enable the 
‘external program inputs 

Effective with serial number B13050 and above, all Type 
230/R230 instruments are equipped with keyed rear panel 
connectors. This change is to prevent damage to the instru- 
ment. The cables used on instruments serial numbered below 
8130540 will not fit modified instruments, but keyed cables 
will fit unmodified instruments. Keyed cables for modified 

Type 230/K230 are available under the following Tektronix 
Part numbers 

Cables for 1201-202-J203-J301 012-0131-00 
Cable for 1204 012.0131-01 
Cable for J101 012.0119-.01 

EXTERNAL PROGRAM LINES 

Table 3-1 lists all of the 105 external program inpuls. Since 
some of the lines provide a program function in either TRUE 
‘or FALSE condition, each line will be examined in each con- 
dition, Special notations are provided where combinations 
of lines program an additional function. 

Fig. 3-1. Type 230 external connectors 

TABLE 3-1 
External Program Inputs 

TITLE | PIN NO. TRUE FALSE 
(3201) 

POSITION 8 1 | Provides 8 cm position command to the| No program 
fee __| 40% Zone Generator. 

K 0%, POSITION 4 2 | Provides 4em position command to the | No progam = 
ua ‘A 0% Zone Generator. 
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TABLE 3-1 (cont) 

TITLE PIN NO. TRUE FALSE 
(J201) 

A 0% POSITION 2 3 Provides 2.cm position command to the | No program 
A 0% Zone Generator. 

A 0% POSITION 1 4 Provides 1 cm position command to the | No program 
A 0% Zone Generator. 

A 0% POSITION 5 5 Provides .5 cm position command to the | No program 
A 0% Zone Generator. 

NOTE 

Although only 9.5 cm of zone position may be programmed from the front panel, 

externally the zone can be programmed to 15.5cm. Any programmed position of 
12 (8cm +4cm) through 15.5cm (8cm + 4cm + 2cm + 1Tcm + .5cm) will 

Cause the previous memory information to be retained subsequent measurement. 
If the zone position is programmed past the sweep end and before position 12, 

measurement cycles will no longer occur since the memories cannot assume a charge. 

Shifts the A 0% Memory from AVER- 
AGE to PEAK; zone width changes to 

4cm. 

Programs the A 0% memory to AVER- 
AGE; zone width is .3 cm. 

A 0% WIDTH 4cm 6 

A 0%: WIDTH 2 cm 7 Shifts the A 0% Memory from AVER- 
AGE to PEAK; zone width changes to 

2cm. ; 

Programs the A 0% memory to AVER- 
AGE; zone width is .3 cm. 

NOTE 

If both 4 cm and 2 cm are programmed TRUE, the remainder of the sweep intensifies 

from the start position of the zone. If either one of the two are programmed TRUE, 

the sweep is intensified from the programmed zone position for the programmed 

width or to the end of the sweep, whichever occurs first. 

Programs the Type 230 to a voltage 
measurement mode, disables the hori- 

zontal decimals and units plug-in com- 
mon lines; enables the vertical deci- 

mals and units plug-in common lines. 

The position and width programs for | 
the A 100% zone perform the same 
function as the position and width pro- 
gram lines for the A 0% zone. 

Programs the Type 230 to a time mea- 
surement mode; enables the horizontal 

decimals and units plug-in common lines; 
disables the vertical decimals and units 
plug-in lines. 

Enables A chopper drive for external 
chopper synchronization. 

The position and width programs for 
the B 0% and B 100% zones perform 
the same function as the position and 
width program lines for the A 0% and 
A 100% zones. 

VOLTS 8 

A 100% POSITION 8 9 

A 100% POSITION 4 10 

A 100% POSITION 2 1] 

A 100% POSITION 1 12 

A 100% POSITION .5 13 

A 100% WIDTH 4cm 14 

A 100% WIDTH 2cm 15 

A CHOP 16 

B 0% POSITION 8 19 

B 0% POSITION 4 20 

B 0% POSITION 2 21 

B 0% POSITION 1 22 

B 0% POSITION .5 23 

B 0% WIDTH 4cm 24 

B 0% WIDTH 2cm 25 

MEASURE AVERAGE 26 Programs a readout equal to the aver- 

age value of eight consecutive measure- 
ments. Used for noisy signals to reduce 
error. 

Programs the readout to indicate the 
value of one measurement. 
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TABLE 3-1 (con?) 

Programming Instructions—Type 230 

TITLE PIN NO. TRUE FALSE 
(J201) 

B 100% POSITION 8 27 See B 0% POSITION for B 100%. posi- 
B 100% POSITION 4 28 tion and width characteristics. 

B 100% POSITION 2 29 

B 100% POSITION 1 30 

B 100% POSITION .5 31 

B 100% WIDTH 4cm 32 

B 100% WIDTH 2cm 33 

B CHOP 34 Enables B chopper drive for external 
chopper synchronization. 

TITLE PIN NO. TRUE FALSE 
(J202) 

(START) B CHANNEL 7 Start point on B channel. Start point on A channel. 
(START) HORIZONTAL mm 2 Start Comparator fires at OFFSET mm | Start comparator fires as a function of 

from sweep start. (Independent of sig- | the signal. 
° nal). 

(START) % BETWEEN 3 Start Comparator fires at the signal | Start comparator fires on the signal level 
level expressed as percentage. in offset mm vertically displaced from 

the memory. 
(START) mm BELOW 4 Start Comparator fires at the amount | Start Comparator fires at the amount of 

of programmed start offset below the | programmed start offset above the se- 
selected reference zone. lected reference zone. 

(START) OFFSET 100 5 References the Start Comparator off- | References the Start Comparator offset 
set from the 100%: zone. from the 0% zone. 

(START) MINUS SLOPE 6 Start Comparator fires on a minus slope | Start Comparator fires on a plus slope 
of the analog display. of the analog display. 

(START) SECOND SLOPE 7 Start Comparator fires on a 2nd slope | Start Comparator fires on a Ist slope 
of the analog display (either plus or | of the analog display (either plus or 
minus 2nd slope as programmed). minus Ist slope as programmed). 

COUNTER RESET INHIBIT 8 Programs the Type 230 counter to accu- | Normal operation 
mulate a series of measurements with- 
out resetting or clearing the previous 
measurement information. Additive read- 
out will still occur at the end of each 
measurement. ; 

{START} OFFSET 80 9 Start Comparator fires at one of three | No program 
references: 

a. Signal—offset mm or offset % may 
be selected. 

b. Voltmeter ramp—offset mm or off- 
set % may be selected. 

c. Sweep ramp (Horizontal mm}— 
only offset mm may be used. 

NOTE 

OFFSET program lines are additive. It is possible to program 159 increments (% 
or mm) through the external programming inputs. Since the Type 230 is not design- 
ed to measure out-of-graticule information, no more than a maximum of 80mm 
would be useful. The offset percentage above 100% is useful for the measurement 
of overshoot. Although the sum of the offset lines is greater than 159, the first 
decade of the offset is constructed to provide no more than nine. 

(START) OFFSET 40 10 Programs 40% or 40mm No program 
(START) OFFSET 20 11 Programs 20% or 20mm No program 
(START) OFFSET 10 12 Programs 10% or 10mm No program 
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TABLE 3-1 (cont) 

TITLE PIN NO. TRUE FALSE 
(J202) 

(START) OFFSET 8 13 Programs 8% or 8mm No program 

(START) OFFSET 4 14 Programs 4% or 4mm No program 

(START) OFFSET 2 15 Programs 2% or 2mm No program 

(START) OFFSET 1 16 Programs 1% or 1mm No program 

(STOP) B_CHANNEL 19 Pins 19 through 25 perform the same programming functions that pins 1 through 
(STOP) HORIZONTAL mm 20 7 perf ith th tion that pins 19 through 25 control the Stop Comparat perform, wi e@ excep pins ug control the Stop Comparator. 
(STOP) % BETWEEN 2] 

(STOP) mm BELOW 22 

(STOP} OFFSET 100 23 

(STOP) MINUS SLOPE 24 

(STOP) SECOND SLOPE 25 

EXTERNAL SCALE 26 Disables internal scaling (See J204) | Enables internal scaling 

NOTE 

if EXT SCALE is TRUE, the front panel readout will not indicate the correct scaling 

for the measurement. Programming of the decimals and units externally is required. 

(STOP) OFFSET 80 27 

(STOP) OFFSET 40 28 Pins 27 through 34 program functions identical to those of pins 9 through 16, with 
(STOP) OFFSET 20 29 the exception that pins 27 through 34 program the Stop Comparator. 

{STOP) OFFSET 10 30 

(STOP) OFFSET 8 31 

(STOP) OFFSET 4 32 

(STOP) OFFSET 2 33 

(STOP) OFFSET 1 34 

TITLE PIN NO. TRUE FALSE 
(J203) 

EXTERNAL 1 Divides readout by two (See J204). Programs normal clock rate. 
HORIZONTAL + 2 

UPPER MINUS 2 Programs the upper limit level to be a | Programs the upper limit level to be a 
negative number. positive number. 

UPPER LIMIT 2000 3 Programs the upper limit level to an| No program 
algebraic value of 2000. 

UPPER LIMIT 1000 Programs 1000 No program 

UPPER LIMIT 800 Programs 800 No program 

Programs 400 No program 

UPPER LIMIT 200 Programs 200 No program 

4 

5 

UPPER LIMIT 400 6 

7 

8 UPPER LIMIT 100 Programs 100 No program 

UPPER LIMIT 80 9 Programs 80 No program 

UPPER LIMIT 40 10 Programs 40 No program 

UPPER LIMIT 20 11 Programs 20 No program 

UPPER LIMIT 10 12 Programs 10 No program 

UPPER LIMIT 8 13 Programs 8 No program 

UPPER LIMIT 4 14 Programs 4 No program 

UPPER LIMIT 2 15 Programs 2 No program 

UPPER LIMIT 1 16 Programs 1 No program 
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TABLE 3-1 (conf} 

TITLE PIN NO. TRUE 
(J203) 

FALSE 

NOTE 

The limit level inputs are additive so that a limit of + or — 3999 may be program- 
med. Care must be taken to avoid programming any decade of either the upper 
or lower limits to a value greater than 9. For example, the combination of 800 

plus 100 is permissible, but the combination of 800 plus 200, 800 plus 400, or any 
combination totalling over 900 will result in an erroneous limit readout. 

EXTERNAL 19 Multiplies readout by two; shifts read- | Programs normal count and decimal 

HORIZONTAL = 5 out decimal to left one place. (See J204). | position. 

LOWER MINUS 20 Programs the lower limit level to be a | Programs a positive number. 
negative number. 

LOWER LIMIT 2000 2] Programs the lower limit level to lower | No program 
an algebraic value of 2000. 

LOWER LIMIT 1000 22 Programs 1000 No program 

LOWER LIMIT 800 23 Programs 800 No program 

LOWER LIMIT 400 24 Programs 400 No program 

LOWER LIMIT 200 25 Programs 200 No program 

LOWER LIMIT 100 26 Programs 100 No program 

LOWER LIMIT 80 27 Programs 80 No program 

LOWER LIMIT 40 28 Programs 40 No program 

LOWER LIMIT 20 29 Programs 20 No program 

LOWER LIMIT 10 30 Programs 10 ’ | No program 

LOWER LIMIT 8 31 Programs 8 No program 

LOWER LIMIT 4 32 Programs 4 No program 

LOWER LIMIT 2 33 Programs 2 No program 

LOWER LIMIT 1 34 Programs 1 No program 

NOTE 

The limit level circuits are constructed to be sensitive to polarity differences as well 

as differences in absolute value. This means that it is possible and sometimes desir- 

able to program a +0000 or a —0000. It should be noted that the circuit views 

a + 0000 as being greater in algebraic value than a — 0000. Any count that 
occurs without a polarity sign is treated as plus, and if the Type 230 is in a cumula- 
tive measurement mode (average-of-eight; counter reset inhibit) the counter adds 

all numbers arithmetically regardless of polarity. When this mode is present, enough 

jitter may be present to cause the equipment to indicate a readout of +. The limit 
circuit sees -- as —, so the entire readout will be meaningless for that measurement. 

PIN NO. 

TITLE (J204) TRUE FALSE 

DECIMAL 2 1 Programs the 2nd readout decimal from 

the left to light. When DECIMAL 2, DECIMAL 3, and 
DECIMAL 3 2 Programs the 3rd readout decimal from | DECIMAL 4 are all FALSE, the fifth deci- 

the left to light. mal light from the left will be program- 

DECIMAL 4 3 Programs the 4th readout decimal from med ON (except as noted below). 

the left to light. 
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TABLE 3-1 (cont) 

TITLE PIN NO. TRUE FALSE 
(J204) 

NOTE 

Scaling the readout of the Type 230 by external programming is done by program- 
ming the decimal and units nixies with the following exceptions, variations, or con- 
ditions: When EXT SCALE is FALSE, the vertical and horizontal plug-ins in the Type 

568 control the scaling of the readout, but do not forbid or inhibit additional scal- 

ing from the external program inputs. In most cases additional scaling would not 

be desired, but if attenuators were placed between the vertical input and the signal 

source the external scaling could be used to compensate the readout. When EXT 
SCALE is TRUE, internal scaling is disabled. Without some external scaling pro- 
vided, the readout will indicate an accumulation of measurement without any deci- 
mals or units to indicate magnitude of measurement. EXT =~ 5 is used to multiply 
the readout by two. This enables the programmer to compensate for a change in a 
plug-in attenuator or sweep range. EXT + 5 also shifts the decimal one place to 
the left when TRUE, In order to compensate for this. characteristic, programming 
the decimal point position should be adjusted if necessary to provide the correct - 

decimal readout. EXT.+ 2 divides the readout by two, so scaling should also com- 
pensate for the division if needed. The decimal scaling of the Type 230 has an 
inhibiting function so that no two decimals may appear. The units scaling has no 

inhibiting function, and it is possible for all units to be energized at once. The oper- 

ator should note this when programming the instrument and avoid programming 
multiple unit lines unless so specified by the program. 

NIXIE ‘v' 4 Programs front panel readout nixie ‘v’ | No program 
ON 

NIXIE ‘s’ 5 Programs front panel readout nixie ‘s' | No program 
ON 

NIXIE ‘m’ 6 Programs front panel readout nixie ‘m’ | No program 
ON 

NIXIE ‘p’ 7 Programs front panel readout nixie ‘yz’ | No program 
ON 

NIXIE ‘N’ 8 Programs front panel readout nixie ‘N’ | No. program 
ON 

. NOTE 
If either units or decimals are to be programmed externally, EXT SCALE should be 
programmed TRUE to prevent multiple display of units or decimals. 

HIGH SPEED PROGRAM 9 Reduces time between measurements. | Normal measurement speed. 

A CHOP? 15 Enables A chopper drive for external | Disables A chopper drive. 
. chopper synchronization. 

B CHOP? 16 Enables B chopper drive for external | Disables B chopper drive. 
chopper synchronization. 

The remainder of J204 is composed of external control outputs. 
cussed after the programming instructions. 

FIRST-TIME PROGRAMMING 

Since the majority of-the external functions are controllable 
from the front panel of the Type 230, an easy way to set up 
the first program is to “front-panel program” the instrument 
to perform a desired measurement. After determining that 

Jacks J101, J301, and the remainder of J204 will be dis- 

the measurement succeeds on a front panel basis, the opera- 

tor can then proceed with externally programming the Type 

230. Table 3-2 lists all front panel functions and their exter- 

nal program counterparts. This will allow the operator to 

cross-reference a front panel setup to an external program. 

TABLE 3-2 

Program Line Equivalents of Front Panel Settings 

FRONT PANEL CORRESPONDING PROGRAM LINE 

MEASUREMENT AVERAGING 1:8 MEASURE AVERAGE: J201-26 

CRT INTENSIFICATION No External Counterparts 

‘This line used only on instruments SN 360 and up. 

3-6 @l 

oS 



Programming Instructions—Type 230 

TABLE 3-2 (cont) 

FRONT PANEL CORRESPONDING PROGRAM LINE 

MEASUREMENT MODE: 
TIME VOLTS FALSE: J201-8 

A VOLTS VOLTS: J201-8. B CHANNEL FALSE: J202-1 

B VOLTS VOLTS: J201-8. B CHANNEL: J202-1 

EXT PROG No Counterpart 

NOTE 

Offset is used in External Program Volts, but not in Front Panel Volts. 

DISPLAY TIME No Counterpart 

TRIGGERED MEASUREMENT No Counterpart 

CH A REFERENCE ZONES 
POSITION 0% A 0% Position 8, 4, 2, 1, .5: J201-1, 2, 3, 4,5 

POSITION 100% A 100% Position 8, 4, 2, 1,.5: J201-9, 10, 11, 12, 13 

0% LEVEL 
AVERAGE .3 cm No Program: J201-6, 7 FALSE 

NEG PEAK 2 cm A 0% Width 2cm: J201-7 

NEG PEAK 4cm A 0% Width 4 cm: J201-6 

NEG PEAK 10cm A 0% Width 2cm, 4cm: J201-7, 6 

100% LEVEL 
AVERAGE .3cm No Program: J201-14, 15 FALSE 

POS PEAK 2cm A 100% Width 2 cm: J201-15 

POS PEAK 4cm A 100% Width 4cm: J201-14 

POS PEAK 10 cm A 100% Width 2cm, 4cm: J201-15, 14 

CH B REFERENCE ZONES 
POSITION 0% B 0% Position 8, 4, 2, 1, 5: J201-19, 20, 21, 22, 23 

POSITION 100% B 100% Position 8, 4, 2, 1, .5: J201-27, 28, 29, 30, 31 

0% LEVEL 
AVERAGE .3 cm No Program: J201-24, 25 FALSE 

NEG PEAK 2 cm B O% Width 2 cm: J201-25 

NEG PEAK 4 cm : B 0% Width 4 cm: J201-24 

NEG PEAK 10cm B 0% Width 2cm, 4cm: J201-25, 24 

100% LEVEL 
AVERAGE .3cm No Program: J201-32, 33 FALSE 

POS PEAK 2cm B 100%. Width 2 cm: J201-33 

POS PEAK 4cm B 100%: Width 4 cm: J201-32 

POS PEAK 10 cm B 100% Width 2cm, 4cm: J201-33, 32 

TIME MEASUREMENT START POINT 
CHANNEL 

A B CHANNEL FALSE: J202-1 

B B CHANNEL: J202-1 

LEVEL 
% BETWEEN ZONES % BETWEEN: J202-3 

mm ABOVE 0% ZONE mm BELOW FALSE: J202-4 

mm BELOW 100% ZONE mm BELOW: J202-4 (OFFSET from 100% zone} 

HORIZ mm FROM SWP START HORIZ mm: J202-2 (normally first plus slope) 

OFFSET DIALS (0-99) OFFSET 80 through 1: J202-9 through 16 

SLOPE + MINUS SLOPE FALSE: J202-6 

= MINUS SLOPE: J202-6 

Ist 2nd SLOPE FALSE: J202-7 

2nd 2nd SLOPE: J202-7 
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TABLE 3-2 (cont) 

FRONT PANEL CORRESPONDING PROGRAM LINE 

TIME MEASUREMENT STOP POINT 
CHANNEL 

A B CHANNEL FALSE: J202-19 

B B CHANNEL: J202-19 

LEVEL 
% BETWEEN ZONES % BETWEEN: J202-21 

mm ABOVE 0% ZONE mm BELOW FALSE: J202-22 

mm BELOW 100% ZONE mm BELOW: J202-22 

HORIZ mm FROM SWP. START HORIZ mm: J202-20 

OFFSET DIALS (0-99) OFFSET 80 through 1: J202-27 through 34 

SLOPE + MINUS SLOPE FALSE: J202-24 

— MINUS SLOPE: J202-24 

Ist 2nd SLOPE FALSE: J202-25 

2nd 2nd SLOPE: J202-25 

UPPER LIMIT DIALS UPPER MINUS and UPPER 2000 through 1: J203-2 through 16 

LOWER LIMIT DIALS LOWER MINUS and LOWER 2000 through 1: J203-20 through 34 

NOTE 

Whenever the Type 230 is operated with the 

MEASUREMENT MODE switch in the EXT PROG 
position, it is advisable to position the TRIGGER- 

ED MEASUREMENT switch ON. This will help in 

preventing lockup of the measurement cycle. 

When the TRIGGERED MEASUREMENT switch is 

ON, a plus or minus trigger must be applied 
through rear-panel jack J204 to initiate a measure- 

ment. This trigger must be synchronized with the 

programming device so that a change in program 

does not occur until after PRINT COMMAND from 

the Type 230 moves high and returns low, signify- 

ing the end of measurement and readiness for a 

new program. 

SAMPLE PROGRAMS 

The following pages show a group of example programs 
to aid the operator in first-time programming of the Type 
230. All of the program input lines have been conveniently 
arranged in an 8-4-2-1 order. Each four-bit (line) segment is 
called a character. Since there are 105 bits (lines) program- 
mable, there are 27 characters in the program chart below 
{Notice that the 27th character has only one bit; bit eight). 
The entire group of characters is called a word. In addition 
to the three program examples mentioned above, a blank 
program chart is included for convenient reproduction (see 
Fig. 3-7). The blank program is arranged in the same fashion 
as the example program charts. The character number is at 
the far left of the chart. Moving right, the eight, four, two, 

and one bits are tabulated. The two columns to the right 
of the bit spaces are for the programs, two to each work- 
sheet. At the far right the program input lines appear in the 
same order as the bits. For example, if the operator did not 

wish to program the other three bits in character 6 TRUE, he 
would write 0001 in the program space adjacent to Character 
6. Moving to the right at the Character 6 level, the program 
input line corresponding to Gharacter 6, Bit 1 is Jack J201, 
pin 26. 

Example Program One (See Fig. 3-4) 
The first example deals with a voltage measurement of 

channel A information. Refer to Fig. 3-2 for a pictorial re- 
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presentation of the information to be measured. The Type 
568 vertical plug-in has been set to display about 6 divisions 
of signal vertical deflection on channel A only. The Type 
568 horizontal plug-in has been triggered on the plus slope 
of the signal, and the TIME/DIV has been set to cause the 

display as shown in Fig. 3-2. Since the display rises from 0% 
~ to 100% amplitude from the fifth to the seventh division, the 

program input may be only concerned with the 5th to 7th 
division area. The program for this measurement is as fol- 
lows: (See example program chart No. 1, Fig. 3-3}. 

A 100% ZONE 

Fig. 3-2. Information to be measured in Example Program 1. 

Character 1: 0101 This places the A 0% zone and the 
start of measurement at the fifth 
graticule division. 

Character 2: 0001 Since we wish the memories to 
charge to average, bits 4 and 2 are 
FALSE. A voltage measurement is 
desired, so bit 1 is TRUE. 

@1 



KS 

wy 
& 8 4 2 1 

1 | A 0% Pos. 8 4 2 1 

2 | A 0% POS..5 A 0% Wid. 4em | 2m VOLTS 

3]. 100% pos.8 | 4 2 1 

4 | A 100% Pos. .5 | A 100% Wid. 4em| 2cm A CHOP 

5 |B 0% POS. 8 4 2 1 

6 |B 0% Pos. .5 B O%Wid. 4em 2em MEASURE AVE. 

7 |B 100% pos.8 |4 2 1 

8 |B 100% Pos. .5 |B 100% Wid. 4em | 2em B CHOP 

9 | CHANNEL HORIZ MM % BETWEEN | MM BELOW 

10 | orrseT FROM 100% | MINUS SLOPE 2nd SLOPE RESET. INHIBIT 

1 C 7 r 
12 | OFFSET 8 4 2 1 

13 | SR NEL HORIZ MM % BETWEEN | MM BELOW 

14 ore FROM 100% | MINUS SLOPE 2nd SLOPE EXT SCALE 

7 en Cc : 
[are 3 
17 | ExT HORIZ = 2 UPPER MINUS doooe MT | 1000 

18 | 800 400 200 100 

19 | 80 40 20 10 

20/8 4 2 1 

21 | EXT HORIZ = 5 LOWER MINUS sooo MIT | 1000 

22 | 800 400 200 100 

23 | 80 40 20 10 

24/8 4 2 1 

25 | PROG DEC 2 3 4 NIXIE ‘V" 

26 | NIXIE s NIXIE M NIXIE ‘p! NIXIE ‘N' 

27 | HIGH SPEED PGM A CHOP? B CHOP: 

NOTE: GROUND CLOSURE OF A PROGRAM LINE 

@i 

CONSTITUTES A LOGICAL ONE 
IS A LOGICAL ZERO ANY OPEN LINE 

(FALSE). 

(TRUE); 

Fig. 3-3. Example Programs 1 and 2. 

Programming Instructions—Type 230 

“ % 

ay AAC ee ee 8 4 2 1 

J201 PINS 

2 3 4 

6 7 8 

101711 12 

147151716 

20 } 21] 22 

24125 126 

28 | 291 30 

32 | 33 134 

J202 

2 3 4 

6 7 8 

10 11 12 

14715 116 

20 | 21 | 22 

24 {| 25 | 26 

28 | 29130 

32 | 33 | 34 

J203 

2 3 4 

6 7 8 

10 11 12 

141157 16 

20 | 21] 22 

24] 251 26 

28 1] 291} 30 

32 1 33 | 34 

J204 

2 3 4 

6 7 8 

15] 16 

"Below SN 360 these bits are not used. 
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Programming Instructions—Type 230 

Character 3: 0111 Character 3, Bits 4, 2, and 1 position Character 22: 0101 Note the explanation for Characters 

the A 100% Zone at the 7th display Character 23: 0111 18, 19, and 20. The desired measure- 
cm; the A 100% memory charges to Character 24; 0000 Ment should not exceed 5% from + 
the average value of the signa! dur- 06.00 V, so the lower limit level is 
ing the ZONE. programmed to + 0570. 

Character 4: 0000 No program desired. craracter a sD a program eesiee 
; aracter 26: 0 © program desired. 

Character 5: 0000 No Program. - - Character 27: 0000 No program desired. 
Character 6: 0000 No program desired. (Bit 1, MEAS- 

URE AVERAGE is usually used for an 
unstable display. Since no problem 
exists, Bit 1 is left FALSE). t A 0% ZONE F re ene R 

Character 7: 0000 No program. Characters 5 and 7 are \ t_ 
programmed 0000 to allow the B \ "4 — 

memories to charge and discharge / ' 
with each measurement cycle of the \ / [ \ 
instrument. If more than ten centi- ——- ' 
meters of zone position is program- B 100% + 
med, and a memory is not allowed ZONE Oa 

to charge on a previous cycle, the \ t 

measurement cycle may lock up. (Tt B 0% ZONE 

Character 8: 0000 No program desired. + \ 

Character 9: 0000 Programming Bit 8 FALSE causes the i | tf \ 
Start Comparator to fire on the A t 
channel information. The other three 
bits concern time measurement pro- | _— MEASURE >} 
gramming. ZONE 

Character 10: 0000 No program desired. Fig. 3-4. Measurement information included in Example Program 2. 

Character 11: 0000 No progrant desired. 

Character 12: 0000 No program desired. Example Program Two , P 
: , e second example shows how to set up a time measure- 

Character 13: 0000 Programming Bit 8 FALSE causes the ment program. In Pddition to this explanation, the second 

er comparator to xe on the A column of sample program chart No. 1 (Fig. 3-3} shows the 

channel information. The other three program setup. Refer also to Fig. 3-4 for a photograph of 

its concern time measurement pro- the signal being measured. This program is a time measure- 

gramming. ment between two events; one on channel A, the other on 

Character 14: 1000 Bit 8 is programmed TRUE to fire channel B. The Type 568 vertical plug-in is set at A and B 
the stop Comparator at the offset with the Type 568 display as shown in Fig. 3-4. The Type 

% from the 100% zone. Bit 1 is pro- 568 horizontal plug-in is set for 100 dots per division to 

grammed FALSE to enable plug-in display the events shown in Fig. 3-4. The objective of this 
commons and allow the plug-ins to measurement is to measure the time difference between 10% 

control the readout decimals and up on the A channel event to 15mm down from the top of 

units. the B channel event. In other words, we wish to measure 

: from the start of the A channel event to the end of the B 

Character 15:_0000_No program desired. channel event. Note that the A channel event begins its 

Character 16: 0000 No program desired. rise at the 2nd centimeter of display, and begins to fall at 

Character 17: 0000 Programming Bit 4 FALSE causes the about 6.5 cm of display. The B channel event begins its rise 
upper limit level to be a positive at the 3m point, and starts to fall at the 5cm point. This 

number. information should be used for programming zone position- 

Character 18: 0110 Since the display is to read out ing. The program word by characters is as follows: 

Character 19: 0011 [pproximately +06.00V, assume Character 1: 0001 Bit 1 is TRUE to place the A 0% 

Character 20: 0000 ‘hata tolerance of 5% is imposed zone at the first cm of display on 

on the measurement. The sum of the A trace. 

Character 18, Bits 4 and 2; Character Character 2: 0000 No program desired. 

19, Bits 2 and 1 equals 0630. +0630 Character 3: 0101 Bits 4 and 1 are TRUE to place the A 
is the maximum value of. measure- 100%: zone at the fifth cm of dis- 

ment that may occur without an indi- play on the A trace. 

cation of above upper limit level. Character 4: 0000 No program desired. 

Character 21: 0000 Programming Bit 4 FALSE causes Character 5: 1001 Bits 8 and 1 position the B 0% zone 
the lower limit level to be a positive at the ninth cm of display on the B 
number. trace. 
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Character 6: 0000 No program desired. 

Character 7: 0100 Bit 4 positions the B 100% zone at 
the fourth cm of the B trace. 

Character 8: 0000 No program desired. 

Character 9: 0010 Bit 8 FALSE fires the start compari- 
son on the A channel; Bit 2 TRUE 

places the comparison at a percent- 

age of the position between zones 
as determined by OFFSET (charac- 
ters 11 and 12). 

Character 10: 0000 Bits 4 and 2 FALSE cause the start 
comparison point to occur on the 
first plus slope. 

Character 11: 0001 Bit 1 TRUE causes the start compari- 
son to occur at 10% above the 0% 

zone. 

Programming Instructions—Type 230 
/ 

the signal is measured on the first program, The time from 
the sweep start to the 90% point on the fall of the signal 
is measured on the second program. By accumulating the 
count from both measurements and dividing them by two, the 

time position of the peak from the start of the sweep may 
be determined. The second measurement is pictured in Fig. 
3-5b. The external program is shown in example program 
number three (Fig. 3-6). An explanation of the measurement 

programs by character follows: 

Character 12: 0000 No program desired. 

Character 13: 1001 Bit 8 TRUE selects B channel for the 
stop comparison point, Bit 1 TRUE 

places the stop comparison point at 
Offset mm below the reference zone. 

Character 14: 1100 Bit 8 TRUE selects the 100% zone as 
the stop offset reference; Bit 4 TRUE 
and Bit 2 FALSE selects the first minus 
slope for the stop comparison point. 

Character 15: 0001 Character 15, Bit 1 and Character 16, 

Character 16: 0101 Bits 4 and 1 TRUE make a sum of 
15mm offset which causes the stop 
comparison point te occur 15mm 
down the first minus slope. 

Ist Pos Slope, 
Start 01 Horiz MM 

Stop 90% Between 

0, 100% 
Zones OFF 

Ist Neg Slope, 
Start 01 Horiz MM 
Stop 90% Between 

0, 100% 
Zones OFF 

p
o
 

|
 
|
 

e
s
 

(A) (B) 

Character 17: 0000 Bit 4 FALSE causes a plus upper limit. 

Character 18: 0011 Assuming a tolerance of plus or 
Character 19: 1000 minus 10% for this measurement, the 
Character 20: 0101 TRUE bits in characters 18, 19, and 

20 sum up to an upper limit level of 
+0385, since the approximate length 
of the desired measurement is 350 
microseconds (100 dots/cm, 3.5 cm, 

and therefore 350 dots). 

Character 21: 0000 Bit 4 FALSE selects a positive lower 
limit jevel. 

Character 22: 0011 The TRUE bits in Characters 22, 23, 

Character 23: 000] and 24 sum the lower limit level to 
Character 24: 0101 +0315, which equals the desired 

measurement minus the 10% toler- 
~ ance. 

Character 25: 0000 No program desired for characters 
Character 26: 0000 25, 26 and 27 since external scaling 
Character 27: 0000 is not used for this measurement. Al- 

through an equivalent-time sampling 
plug-in unit is being used for this 
measurement, no need for speedup 
of the sweep is indicated in this pro- 
gram. 

Example Program Three 

The third example program illustrates how a pair of 
consecutive measurements may be made to determine the 
exact time of a peak amplitude occurrence. Referring to 
Fig. 3-5, a pulse-type signal is shown with its peak occur- 
ring at about the fifth cm of display. The time (horizontal 
mm) from the sweep start to the 90% point on the rise of 

@1 

Fig. 3-5. Measurement information included in (A) Example Pro- 

gram 3 and (B) Example Program 4. 

Character 1: 0000 No program desired. 

Character 2: 1000 A 0% (Average) zone positioned at 

eo the 55cm point on the display. 

Character 3: 0001 Characters 3 and 4 program the A 
Character 4: 1110 100% memory to charge to the maxi- 

mum positive peak of the display 
from the 1.5m position to the end 
of the sweep. 

Character 5: 0000 No program desired. 

Character 6: 0000 No program desired. 

Character 7: 0000 No program desired. 

Character 8: 0000 No program desired. 

Character 9: 0100 Selects start comparison on Hori- 
zontal mm from sweep start. 

Character 10: 0000 Selects start comparison at first plus 
slope of the signal. 

Character 11: 0000 No program desired. 

Character 12: 0001 Programs 1mm from sweep start. 

Character 13: 0010 Selects stop comparison point on A 
channe! and % between the zones. 

Character 14: 0001 Selects stop point at the first plus 
slope; disables internal scaling. 

Character 15: 1001 Selects stop point to 90% level. 

Character 16: 0000 No program desired. 



Programming Instructions—Type 230 

S 
oy F A 6 © ey ee Ao 8(4/2 1 

& 8 4 2 1 J201 PINS 
1 1A 0% Pos. 8 4 2 1 1f2]3]4 

2 | A 0% pos..5 A 0% Wid. 4m 2 em VOLTS s5|6l7] 8 
3 | A 100% pos. [4 2 1 9 |10} 11] 12 
4 | A 100% POS. .5 | A 100% Wid. 4cm| 2m A CHOP 13} 14] 15} 16 
5 |B 0% Pos. 8 4 2 1 19] 20 | 21 | 22 
6 |B 0% Pos. .5 B 0% Wid. 4m 2 em MEASURE AVE. 23 | 24] 25 | 26 
7 |B 100% pos.s |4 2 1 27| 28 | 29 | 30 

8 |B 100% POS. .5 |B 100% Wid. 4cm | 2em B CHOP 31] 321 33 | 34 

J202 
(START) , 91 OR YNEL HORIZ MM % BETWEEN | MM BELOW rlelala 
(START) COUNTER 

10 | OFFSET FROM 100% | MINUS SLOPE 2nd SLOPE RESET INHIBIT 5] 6 )7]8 
(START) 11 | GrEsEY 80 40 20 10 9 {10/11 ] 12 

12 | OFFSET 8 4 2 1 13 }14]15 | 16 
13 | (STOP) HORIZ MM % BETWEEN | MM BELOW 19 | 20 | 21 | 22 B_ CHANNEL 
14 | (STOP) MINUS SLOPE 2nd SLOPE EXT SCALE 23 | 24] 25 | 26 OFFSET FROM 100% 

(STOP) 15 | orrser. 80 40 20 10 27 | 28 | 29 | 30 
(STOP) 

16 | ofsser 8 4 2 1 31] 32] 33 | 34 

J203 

17 | EXT HORIZ -— 2 UPPER MINUS sooo MT | 1000 1t2fta]a 

18 | 800 400 200 100 s5/6l7]s 

19 | 80 40 20 10 9 [10 | 11] 12 
20/8 4 2 1 13} 14115] 16 
21 | EXT HORIZ -— 5 LOWER MINUS soo. UMIT | J 000 19 | 20 | 21 | 22 
22 | 800 400 200 100 23| 24] 25| 26 
23 | 80 40 20 10 27 | 28 | 29| 30 

2ats 4 2 1 31| 32| 33] 34 

J204 

25 {PROG DEC 2 3 4 NIXIE ‘v" 1f2}3]|a4 

26 | NIXIE s | NIXIE M NIXIE ‘ya! NIXIE ‘N’ s516)7|]e 

27 | HIGH SPEED PGM A CHOP? B CHOP* 9 15 | 16 

NOTE: GROUND CLOSURE OF A PROGRAM LINE 
CONSTITUTES A LOGICAL ONE 

IS A LOGICAL ZERO ANY OPEN LINE 
(FALSE). 

(TRUE); 

Fig. 3-6. Example Programs 3 and 4. 

‘These bits are not used on instruments below SN 360. 
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Programming Instructions—Type 230 

Ss » 
oy hs a 

Cy A) © 8(4(2(1 
yy 4 2 1 e € f 8 J201 PINS 

1 1A 0% POS. 8 4 2 1 2|3|4 

2 | A 0% Pos..5 A 0% Wid. 4m 2 cm VOLTS 6i71] 8 

3 1A 100% Pos.8 | 4 2 1 10] 11 | 12 

4 | A 100% Pos. .5 | A 100% Wid. 4cm| 2m A CHOP 14]15] 16 

5 |B 0% POS. 8 4 2 1 20 | 21 | 22 

6 |B 0% POS. .5 B 0% Wid. 4em 2m MEASURE AVE. 24125} 26 

7 |B 100% Pos. 8 4 2 1 28 | 29 | 30 

8 |B 100% Pos. .5 |B 100% Wid. 4em | 2m B CHOP 32| 33 | 34 

J202 

(START) ; 
9 | 8 CHANNEL HORIZ MM % BETWEEN | MM BELOW alata 

(START) COUNTER 
10 | oFFseT FROM 100% | MINUS SLOPE 2nd SLOPE RESET INHIBIT 67718 

(START) 11 | Orrset 80 40 20 10 10 11] 12 

12 | OFFSET 8 4 2 1 14]15 | 16 

(STOP) ; 13 | 8 CHANNEL HORIZ MM % BETWEEN | MM BELOW 20 | 21 | 22 

14 | (STOP) MINUS SLOPE 2nd SLOPE EXT SCALE 24] 25 | 26 
OFFSET FROM 100% 
(STOP) 

'5 | offset 80 40 20 10 28 | 29 | 30 

(STOP) 
16 | orrser 8 4 2 1 32| 33 | 34 

J203 

17 | EXT HORIZ — 2 UPPER MINUS ie LIMIT} 1000 2/3] 4 

18 | 800 400 200 100 6t7]8 

19 | 80 40 20 10 10] 11/12 

20/8 4 2 1 14] 15] 16 

21 | ExT HORIZ 5 LOWER MINUS sooo LIMIT | 1000 20 | 21 | 22 

22 | 800 400 200 100 24| 25| 26 

23 | 80 40 20 10 28 | 29| 30 

24}6 4 2 1 32] 33 | 34 

J204 

25 |} PROG DEC 2 3 4 NIXIE “V’ 2/3 |4 

26 | NIXIE s NIXIE M NIXIE ‘y! NIXIE ‘N' 6|7|8 

27 | HIGH SPEED PGM A CHOP! B CHOP! 15} 16 

NOTE: GROUND CLOSURE OF A PROGRAM LINE 
CONSTITUTES A LOGICAL ONE (TRUE); 
ANY OPEN LINE IS A LOGICAL ZERO 

(FALSE). 

Fig. 

‘These bits are not used on instruments below SN 360. - 

3-7, Blank External Program worksheet. 
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Character 17: 1011 Divides the count (readout) by two 
s0 that the accumulation of the two 
measurements will read out the ac: 
tual time to the amplitude peak; plus 
upper limit level. Care must be taken 
that the horizontal plug-in is not set 
in a + 5 sweep rate function or er- 

' roneous readout will occur. 
Character 18 1001 Characters 17, 18, 19, ond 

programmed for an Upper Limit level 
of +3999 so that no out-oflimits in- 
dication will occur on the first sec- 
tion of this measurement series 
‘See character 18. 

1001 See character 18. 
Character 21; 0000 Characters 21, 22, 23, and 24 are 
Character 72: 0000_ programmed for +0000 so that only 

acter 23; 0000 When the count reaches some nega 
Character 23: 0000 five value will the Lower Limit Level 

indicate an 
Character 24° 0000 See Character 21 
Character 25: 0000 No scaling of the readout is needed 

Until the end of the second measure- 
ment 

Character 26: 0000 See Character 25. 
Character 27: 0000 No program desired. 

“Character 19 
Char 

Since the two measurements are so alike, only the char: 
acters that differ will be listed for explanation, Assuming 
that the distance from sweep start to the peak of the wave: 
form is about -+-490 1s and the tolerance is =+2%, the limit 
levels and scaling program will be set accordingly. 

Character 1; 1100 Characters 1, 3, 5, and 7 are pro: 
Character 3: 1100 grammed to’ the 12cm position to. 
Character 5. 1109 cause both A and B Memories to re- 

main charged. This is possible since 
the peak amplitude to be ‘remem: 
bered” is the same in both words of 
the program. Keeping both of the 
memories charged allows the Type 
230 fo make both measurements on 
‘only one memory charging sweep, 
thus saving cycle time, 

Character 10; 0001 Counter Reset Inhibit is TRUE to al: 
low accumulation of the two measure: 

5 ments 
Character 14: O101 Selects first minus slope for start 

point; still inhibits internal. scaling, 

Character 7: 1100 

“Character 20: 0000 ment, a total of 40500. 
| of the TRUE Bits in charac 

“Character 23: 1000 ters 22, 28, and 24 form the lower 
“Character “limit level for this measurement, Character 241 0000 fH level 

haracter 25: 0000 The fifth decimal lamp from the right 
ill illuminate. 

Character 2% TOIO lights the . and s symbols in the 

The total readout should be -+0490 ps. 
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EXTERNAL PROGRAMMING 
The external programming functions may be easily checked 

for proper performance by any programming device which 
will provide the proper logic levels to the Type 230 (See 
the first page of the programming instructions). The need 
may arise to check the programming performance of the 
Type 230 when there is no programming device readily 
available. A substitute for an automatic programmer may 
be constructed with 105 SPST switches connected to program 
‘common on one side. The remaining pole of each switch 
should be connected through an inexpensive diode to a 
programming input. Closure of any switch will activate a 
single program function, and any proper measurement pro- 
‘gram can be set up readily. 

ile : 7201 
Ng READOUT 

Fig, 8-8. Type 230 external connec 

Type 230 Control Outputs 
‘As was mentioned earlier in this text, 1204 (See Fig. 3-1 

of Fig, 3-8 for J204 location) is used for some external pro: 
gram inputs (pins 1 through 9). The majority of the remainder 
of the pins on J204 are used for external control outputs from 
the Type 230 for controlling external devices. Fig. 3:9 illus- 
trates the connectors of J204. The following list by pin num- 
beer explains the purpose of each line. 
J204 Pin 17 As mentioned earlier, this is a program 

ground enabled by the MEASUREMENT 
MODE switch on the front panel. 

Pin 18 Ground to the Type 230 chassis. 
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x 15 \¢___A CHOP 3 4704 
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-- 18 4 ee 
| ay READ RED 19 

1} 
| COUNTER ai READ GREEN 20 | 

BOARD | 3s Sip BEAD YELLOW 7) 

Ses 7 
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FROM J3 s3av ta | = 
| | 19 ~3.5V, ly)25 é a (Sa | | ain ' PRINT COMMAND la 

28 EXTERNAL HOLD Lin | 
29 \z! PLUS TRIGGER ty 3 
30 X|_MINUS TRIGGER Iw | 2 

- P \/SAMPLING SWEEP SPEEDUP. 3) i 

| H \y |SAMPLING SINGLE SWEEP] | 39 | 3 

|» y__\a cHoP prive 'y)33 
| EE \Z/B CHOP ORIVE . /34 | 

6 apes 
GND 

‘ea | 

Fig. 3-9. J204 wiring diagram. 

Pin 19 READ RED: This output from the Limit Lamp 
Driver circuitry on the Counter and Readout 
board is low when the measurement ex- 
ceeds the Upper Limit Level. This and the 
outputs from pins 20 and 21 can be used to 
control an external device which would stop 

further measurements by the Type 230 on a 
device under test. 

Pin 20 READ GREEN: Indicates the measurement is 

within limits. See J204 pin 19. 

READ YELLOW: Indicates that the measure- 

ment has exceeded the Lower Limit level. See 

J204 pin 19. 

Pin 22 +50 volts (1% at 50mA maximum) avail- 

able for powering external controlling units. 

Pin 23 +12 volts (1% at 350mA maximum; see 

pin 22, 

Pin 24 +3.8 volts (1% at 200mA maximum); see 

pin 22. 

Pin 25 —3.5 volts (441% at 200 mA maximum); see 

pin 22. 

Pin 26 —50 volts (1%. at 25mA maximum); see 

pin 22. 

Pin 21 

Programming Instructions——Type 230 

Pin 27 PRINT COMMAND: This line is used to sig- 
nal an external device that a measurement 
has been completed and the measurement 
information has been shifted into the storage 
registers of the Type 230. Normally, the 
PRINT COMMAND negative step will occur 
150 us after the storage registers are set. 

Pin 28 EXTERNAL HOLD: This line is essentially a 
control input to the Type 230. When EXTER- 
NAL HOLD is TRUE, it keeps the storage 

registers from resetting. EXTERNAL HOLD, in 
conjunction with the readout section (J301), 

may be used to stop the measurement cycles 
when an out-of-limits situation occurs. 

Pin 29 PLUS TRIGGER: Used to synchronize the 
speed and occurrence of measurement cycles 
with some external source. 

Pin 30 MINUS TRIGGER: See pin 29. 

Pin 31 SWEEP SPEEDUP: This line is a control from 
the Type 230 to the Type 568 horizontal plug- 
in unit to speed up the repetition rate of 
measurement cycles by decreasing the total 
sweep time. 

Pin 32 SWEEP RESET (SINGLE SWEEP): This line is 
a control from the Type 230 to the Type 568 
horizontal plug-in unit {Type 3T5 or 316) to 
speed up the repetition rate of measurement 
cycles by resetting the sweep when the mem- 
ories are charged or the measurement is com- 

plete®>. With a Type 314 plug-in unit, this 
line causes the unit to permit only one meas- 
urement cycle for each triggering pulse. 

Pin 33 A CHOP DRIVE: Provides a synchronizing sig- 
nal to an external signal chopper for the Type 
568 vertical plug-in A channel input. 

Pin 34 B CHOP DRIVE: Same as pin 33 except for B 
channel. 

Pins 35 and 36 Chassis ground. 

Readout Connector J301 

Jack J301 (See Fig. 3-8 for physical location of J301) pro- 
vides an external readout of measurement information from 
the Type 230 to an external recording device. Fig. 3-10 is a 
wiring diagram of the Type 230 internal connections to J301. 
On each line in use, the descriptive label indicates the func- 
tion of the individual line when TRUE. For example, READ 
PLUS at J301, pin 1 comes from pin AH on the Counter and 
Readout board. When TRUE, READ PLUS indicates that the 
measurement is positive. With the exception of open pins 
17 and 18, pins 1 through 29 are information outputs from 
the Counter and Readout section of the Type 230. Pin 31 
(PRINT COMMAND) provides an indication to an external 

receiver that the measurement is complete and may be 
recorded. 

J301 Pin 30 EXTERNAL HOLD: This line permits an exter- 
nal recorder to prevent clearing the measure- 
ment data in the registers. 

Signal Connector J101 

Jack J101 provides interconnection between the Type 230 
and the Type 568 (See Fig. 3-9 for the physical location of 
J101}. Fig. 3-8 shows the internal connections from J101 to 
*Does not apply to Synchronizer Circuit Card Series F, Model 1 and 2. 
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COUNTER 
BOARD 

y AH < READ PLUS y1 

an€ READ_MINUS S > 

AF < |___READ_ 2000 S 3 

AE q |__READ_1000 S 4 

AD < READ 800 S 5 

Ac q READ__ 400 S P 

AB < READ 200 S ; 

AA < READ 100 > 8 

z < READ 80 S 9 

Y < READ 40 S 10 

x < READ ___20 S n 

w < READ__10 S 2 

V < READ _8 S 13 

u < READ 4 > 4 

T qe 2 + 15 

$ <q |_READ 1 S 16 

i [27 
OUT 18 

AL é READ _X_107 Kd 19 

D q READ X 10” > 20 

ar <4 READ X_J07* S n 

Ll q READ ‘V" + 22 

M < READ _‘S' S 93 

N q READ ‘M’ S 2 

P < READ _‘#' S 35 

R qe ~ > 26 

AY q READ RED S 97 

BA < READ GREEN 5 os 

BB READ_ YELLOW S 29 

x2 |__EXTERNAL HOLD S - 

Bey PRINT COMMAND S 31 

9 Ke 32 

33 

34 

g 35 

G 
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COUNTER 
1» 568 DEC 2 LAK 

7 DN 
2 > 568 DEC 3 ZAM 

\ 568 DEC 4 Z 3 > —< AR 

4H 

5 ~ 

6» 568 “Vv" la 
7 BN 

7 > 568 ogre < AU 

8 > 568 “M" Lx 
J101 

SIGNAL] , > 568 “H Lo 

Ne 568 “N” / 

10 Q 
74 aN 55 
\L asic wn / i > 21 

12 > A_ SHIELD / y 

13 an J9 
SWEEP SPEED UP 

14 >» <p 
SWEEP RESET (SINGLE SWEEP) Wz 

15 » <H 

CHOP_ALTERNATE 16 > 

"7 — CRT_CATHODE 

18 > GROUND 4): 

Ne GROUND | 
19 > we. pw, J5 

568 SWEEP W; 
20 YH <P 

XQ 568 SWEEP GATE / 21 > — u 38 

22 Ny 10 MHz vV/ Ww" / y 

q 68 B SIGNAL 8 23 > 5 SIGNA\ an 

\ B SHIELD / 24 > <77 ala J10 
XY HORIZONTAL DECIMALS, UNITS, COMMON a 25 > < 

aN A + 1, 2, 5, VERTICAL COMMON la 
7 NX 

7S B —~ 1, 2, 5, VERTICAL COMMON lan 
7 NX 

os > A DECIMALS, UNITS, COMMON lan 
7 aN 
\__|. 8 DECIMALS, UNITS, COMMON / 29 > N 

J8 iN 
30 > HORIZONTAL -- 2 < 10 vy 

\ 
XL worIZONTAL — 5 (4,7) counter 31 > < AY J5 

32 4 VERTICAL 1 a 

33 > VERTICAL —- 2 La 

34 > VERTICAL —— 5 7 AQ J 

35 > 568 CLOCK be < : 

36 > CLOCK SHIELD La 

NES, . 

Fig. 3-11. J101 wiring diagram. 
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the various cards in the Type 230. An explanation of the 
lines by pin number follows: 

J101 pins 1, 2, and 3 are the decimal position commands 
from either the vertical or horizontal plug-in. Pins 6, 7, 8, 

9, and 10 control the unit symbols on the front panel read- 
out. This may be accomplished by either the vertical or the 
horizontal plug-in. 

Pin 11 

Pin 12 

Pin 14 

Pin 15 

Pin 16 

Pin 17 

Pins 18 and 19 

Pins 20 and 21 

Pin 22 

Pin 23 

Pin 24 

Pins 25, 26, 

27, 28, 

and 29 

Pin 30 

Pin 31 

Pin 32 

Pin 33 

Pin 34 

3-18 

A SIGNAL: This conveys the A channel sig- 
nal from the vertical plug-in. This signal is 
connected to the Buffer card. 

The shield for the A channel signal line. 

SAMPLING TIME-BASE SPEED-UP: An internal 
command line from the Type 230 synchronizer 
card to the Type 568 horizontal plug-in. This 
line causes the time-base unit to speed up the 
sweep during non-measure time, thereby in- 
creasing the number of measurements avail- 
able per second. 

SAMPLING TIME-BASE SINGLE SWEEP: This 
is also a command line from the Synchronizer 
card to the horizontal plug-in. {t will, when 

TRUE, shift the plug-in to a single sweep 
mode. 

CHOP ALTERNATE: This is from the vertical 
plug-in to the CRT Intensification card. When 
the plug-in is in a multi-trace mode, this line 

synchronizes the display intensification to the 
proper channel. 

CRT CATHODE: This comes from the CRT 
intensification card to the Type 568 Z axis 
input. All of the Type 230 display intensifica- 
tion commands emanate from this source. 

Chassis ground. 

568 SWEEP and 568 SWEEP GATE (respec- 
tively): Input lines to the Type 230 Buffer card. 
Both inputs come from the Type 568 hori- 
zontal plug-in. 

10 MHz CLOCK: An enabling line to the 10 
MHz clock generator in the Type 230. This 
provides the proper digital resolution for 
certain real-time horizontal plug-ins. 

568 B SIGNAL: The B channel from the verti- 
cal plug-in appears at pin 23. 

The shield for the B channel line. 

Plug-in common lines. The selection of one or 
more of these common lines is made in the 
scaling logic section of the CRT Intensifica- 
tion card. 

HORIZONTAL + 2: This is selected by the 
horizontal plug-in to cause the clock genera- 
tor to reduce its frequency by a factor of two. 

HORIZONTAL -: 5: This is selected by the 
horizontal plug-in to cause the readout to be 
multiplied by 2. 

VERTICAL ~- 1: Comes from the vertical plug- 
in to change the rate of rise of the voltmeter 
ramp in the Buffer card. 

VERTICAL -- 2: See Pin 32. 

VERTICAL + 5: This goes to the decimal 
section of the Counter and Readout board. 

When the vertical plug-in is in factor-of-two 
position (2V/cm, 2mV/cm, etc.), this line 

shifts the decimal one place left. 

Pin 35 568 CLOCK: The clock from the horizontal 

plug-in is sent from this pin to the Type 230 
clock card. 

Pin 36 A shield for pin 35 information. 

Activated 

AND 

Bit 

Buffer 

Carry 

Character 

Clear 

Clock 

Complement 

Counter 

GLOSSARY OF TERMS 

A circuit is said to be activated if it is per- 
forming its indicated logical function. This 
does not necessarily mean conduction. 

An AND gate is a device having two or 
more inputs. In order for an AND gate 
to be activated, all inputs must be acti- 

vated. 

Abbreviated form of the word binary digit 
used to denote one element of binary 
information. 

a. A device used between two circuits to 

reduce loading of one upon the other. 

b. A device used to increase the fanout 

of a preceding circuit. 

The term used to describe the output which 
occurs as an overflow from a counter. 

A group of bits ordinarily presented in 
parallel form. 

To reset a circuit. To cause a bistable de- 
vice to return to a ready state in which it 
will accept an activating pulse or level. 

An oscillator or generator which times or 
synchronizes the computing process. The 
clock speed usually limits the counting or 
computation speed of the entire system. 

The opposite state. To cause an opposite 

state to occur. In a bistable device there 
are two voltage levels available at the 
inputs or outputs, one level is the com- 
plement of the other, and vice versa. The 
vinculum, a line drawn above a term, is 

used to indicate the complement of that 
term. Example: 

High = High 1 = O True = True; 
True = False, High — Low, 1 = 0 

A computing unit which produces the sums 
of digital numbers or indicates the totals 
of numbers entered. 

Decade Counter An electronics counter which automatically 
resets to zero at the count of ten. 
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Decoder 

Don't Care 

Enable 

FALSE 

High 

Inhibitor 

A device used to convert from one number 
system to another. Two most commonly 
used types are the Binary-to-Decimal, and 
the Decimal-to-Binary. The Binary-to-Deci- 
mal decoder is often used at the output 
of a digital device to convert binary infor- 
mation into the more readily distinguish- 
able decimal information. 

The case in logic where certain input com- 
binations cannot or will not occur. Hence 
they may be ignored. Example: Ordinarily 
a four-binery counter will produce any of 
sixteen combinations. If converted to a 
decade counter, binary numbers ten 

through sixteen will not appear at the out- 
put. They have no effect on the next circuit 
and can be ignored or called don’t cares. 

The occurrence of a pulse or level at one 
input of a device. This pulse or occurrence 
will enable the circuit to accept an acti- 
vating level at another input. 

The state of a device which occurs when it 

is not activated. One or more of its inputs 
are not activated, hence its output line 

indicates a ‘‘false’' condition. 

A logical state or level. A high state may 
be assigned as a logical one or zero, de- 
pending upon whether positive or negative 
logic methods are used. High is usually 
designated as the more positive of two 
logic levels. 

A device which negates the passage of a 
signal at one input by the presence of a 
signal at another input. 

Example: 

JK flipflop 

| A 

The JK flipflop is essentially the same de- 
vice as an RS flipflop, with one exception: 
a JK flipflop will accept the presence of 
any combination of inputs, whereas the RS 
will not. When a one is placed at both 
inputs, the JK will toggle or complement, 

instead of reverting to an undefined out- 
put. 

There are some variations to the basic 
configuration of the JK flipflop. It may 
have a clock input, and if neither the J 

nor K are in the one input condition the 
clock will toggle the flipflop at the clock 

rate, The logic symbol and truth table for 
a JK flipflop are shown following: 

FF 
——| J Qe— 31K a] rr) 

0 | 0 | no chonge 

tjojo|t 
— K — 1 | 1 | toggle 

Logic Diagram 

Logic Function 

Logic Levels 

Low 

Majority Logic 

Minority Logic 

NAND 

Programming Instructions—Type 230 

A diagram that depicts by logic symbols 
and supplementary notations the details of 
signal flow and control, but not necessarily 
the point-to-point wiring, existing in a 
system of two-state devices. 

A combinational, storage, delay, or se- 
quential function expressing a relationship 
between signal input(s) to a system or de- 
vice and the resultant output(s). 

Levels of voltage which are assigned a 
logical meaning. They are usually con- 
sistant in meaning throughout a system. 

For instance, OV or ground might be a 

logical one, and +4 V a logical zero. The 
chief criteria for logic level values is that 
they can activate or de-activate the partic- 
ular devices. 

The more negative or less positive of two 
logic levels. It may be assigned either a 
logical O or 1 depending upon whether 
negative or positive logic is specified. 

Majority Logic refers to a logic circuit 
which delivers a level at its output which is 
governed by the majority of its input levels. 
A majority circuit must have three or more 
inputs. The inverted output of a majority 
circuit is identical to the output of a minor- 
ity circuit. 

Minority Logic describes a logic circuit 
which has three or more inputs and de- 
livers an output level governed by the 
logic state of a minority of its inputs. The 
inverted output of a minority circuit is 
identical to the output of a majority circuit. 

A logic circuit having two or more inputs. 
It is activated only when all input levels 
are of the opposite state in comparison to 
the activated output. 

Example: 

Lo, 
Aa—_-— H 

s—o 

X will only be High when A and B are 
low. Any other combination of input levels 
will produce a low at the output. 
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Negative Logic 

NOR 

ONE 

OR 

Parallel 

3-20 

lf the less positive potential (current) is 
consistently selected as the J-state, the 
resultant system, or device, is said to have 
negative logic. 

A modification of the basic OR circuit 
where the activated output requires the 
existance of its logical opposite on any 
of one or more inputs. 

Example: 

A 

The presence of a low level at A or B or 
both A and B will produce a high at X. 

An assignment symbol used to relate to 
one or the other of two states of a bistable 
device. A ONE may represent either a 
high or a low level. 

A circuit which delivers an activated out- 
put whenever any one of its two or more 

inputs are at the same logic level as its 
output. 

Example: 

Either A or B or both in a low state will 

produce a low state at X. 

The case where a group of numbers or 
pulses are delivered simultaneously. 

A
>
 

Example: 

Phantom AND, The connection of two logic device out- 
Phantom OR puts which exhibits a logic function at 

their junction. 

Example: 

A 

A-B 

B 

‘AB SCD | 
c > 

c.bd 

D 

Positive Logic 

Phantom AND 

A+B+C+D _ 

Phontom OR 

lf all signal line terminals in a logic dia- 
gram of a system or device have the 
same pair of physical states, and if both 
are electric potentials (currents), and if 
the more positive potential (current) is con- 
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sistently selected as the 1-state, the result- 
ant system, or device, is said to have posi- 

tive logic. 

Consists of a group of flipflops in parallel! 
to constitute a single register. Its purpose 
is to store a group of binary digits or 

* levels. 

Register 

RESET To cause a flipflop or register to revert 
to its ready or zero state. 

RS flipflop A bistable device which, when triggered, 
will change its output level(s) from one 
stable state to the other stable state. Ordi- 
narily, the RS flipflop has two inputs, label- 
ed SET and RESET {or CLEAR). The appli- 
cation of a one to both inputs will cause 
the flipflop to revert to an undefined state. 
The application of a one to the RESET 
input will cause the flipflop to exhibit a 
zero at its output. If a one is then ap- 
plied to the SET input, the flipflop will then 
change to a one at its output. Most RS 
flipflops have two outputs labeled Q and 
Q. With proper input conditions, the out- 
puts will always be the complement of one 
another. The logic symbol and truth table 
for an RS flipflop are shown below: 

FF ala 

no change 

0 }1 

1 |90 

undefined a
w
|
/
—
-
[
O
o
/
O
]
u
 

—
|
o
}
]
—
]
°
 

l
n
 

Serial Connecting devices in a series arrangement 
such that all information is processed con- 
secutively. This is opposite to Parallel, 
which accepts the different bits of informa- 
tion simultaneously. 

SET To cause a flipflop or register to shift to 
the one state, or opposite to reset. 

Shift Register ‘A circuit which will shift a digit or a group 
of digits (levels) to the left or to the right. 
It is often used to convert information 
from parallel to serial or vice versa. 

The two physical states on each terminal 
of each signal line shall be referred to as 
the O-state and the 1-state. The O-state 
may be called the reference (inactive, anti- 
fiducial) state, and the 1-state the signi- 
ficant (active, fiducial) state. The above 

must not be construed as implying that the 

States in 
Binary Logic 

@i 

Store 

Toggle 

TRUE 

A 

B 

Truth Table 

A Ag 
ane 

Word 

ZERO 

Programming Instructions—Type 230 

l-state requires more power, contains more 

energy, or is at a higher potential than the 
O-state. The state designations are purely 
arbitary as far as the physical interpreta- 
tion is concerned. 

To cause a group of digits to be placed in 
a device (register, memory, etc.) from 

whence it may be delivered at a later 
time. 

To cause a flipflop to change its output 
condition from one logic state to the other. 
If the output is a one before the flipflop 
is toggled, it will be at the zero condition 
after it is toggled once. 

The case in logic where a device is fulfill- 
ing its active function. 

Example: 

AELB]|X 
x 

H | H |] H= FALSE 

H|L| L=TRUE 

L]H] L=TRUE 
H =High L = Low L|t | L=TRUE 

A table listing all of the input possibilities 
of a device along with the output condi- 
tion of each set of possible conditions. 
The truth table may use highs and lows or 
ones and zeros. 

Example: 
=
l
|
-
l
[
o
l
o
l
>
 

=
l
|
o
|
—
(
[
o
l
a
 

o
j
-
|
-
|
-
|
x
 

e
r
l
r
p
r
y
r
y
>
 

r
i
z
i
r
i
j
x
z
r
l
|
e
s
 

Z
T
i
r
i
r
i
r
l
x
<
 

A set of characters that occupies one 
storage location as is transported as a 
unit. 

An assignment symbol used to relate to 
one or the other of the two states of a 
bistable device. Zero may either equal 
a high or low level, but is must represent 

the opposite state of a logical one. 
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Type 230 

SECTION 4 

CIRCUIT DESCRIPTION 
Introduction — 

The Type 230 Digital Unit is a programmable time and 
voltage measurement unit. External program connectors on 
the rear panel provide for interconnections to a program- 
ming device. Front panel controls, switches, and readouts 
permit manual control of most programmable functions. 
The signal processing circuitry of the unit is contained on 11 
plug-in circuit cards and one circuit board. This section of 
the manual describes the operation of the Type 230; first in 
block diagram terms and then on an individual circuit card 
basis. 

On the block diagram level, overall descriptions are giv- 
en of instrument operation when making time measurements 
and when making voltage measurements. Block diagrams 
are included within the text to show the difference between 
the two modes of operation. An overall block diagram, lo- 
cated in the Diagrams section, shows the relationship be- 
tween the major circuits of the instrument. 

Following the block diagram description, this section con- 
tains a description of each circuit in the Type 230. In gener- 
al, where a circuit functions as an analog or linear device, 

a conventional circuit description is given. If a circuit per- 
forms a logic function, a logic description is given. In the 
Type 230, the activated logic state is provided by a low 
voltage level (0 to +2 volts) and corresponds to the true 
logic state or a logical one. The non-activated logic state 
is provided by a high voltage level (+6 to +12 volts) and 
corresponds to the false logic state or a logical zero. Any 
logic line that is not connected to a low logic level auto- 
matically assumes the false (high) state. The “high" and 
"low" convention will be used as a general rule in this de- 
scription. 

Block diagrams, logic diagrams, and waveform illustra- 
tions are included within the text to support and clarify the 
description. Overall logic diagrams of some of the more 
complex circuit cards are included in the Diagrams section. 
Complete circuit card diagrams are also included in the 
Diagrams section. The circuit diagrams should be referred 
to for electrical values and those circuit elements not given 
on the logic diagrams. 

BLOCK DIAGRAM DESCRIPTION 

Time Measurements 

The usual way to measure time with an oscilloscope is to 
count the horizontal divisions on the CRT between the mea- 
surement limits. This distance multiplied by the sweep rate 
equals the elapsed time. With the Type 230, the elapsed 
time between two points on a waveform display is mea- 
sured with a counter and presented as a digital readout. 
To make a time measurement, the Type 230 needs specific 
information from the vertical amplifier and the time-base 
plug-in units. The required information is applied via an 
interconnecting cable from the Type 568 Oscilloscope and 
includes the following: 

1, Horizontal sweep waveform 

. Sweep gate waveform 

. Clock pulses 

2 

3 

4, Unit of measure (ns, js, etc.) 

5. Decimal point position information 

6 . Signal to be measured 

Figure 4-1 shows the time relationship between a typical 
signal and the horizontal waveform. The intensified 0% 
and 100% zones (points A and B on the signal waveform) 

can be moved to any of 20 positions on the display by 
turning the 0% and 100% controls on the front panel (0.5 

cm zone movement between switch positions). In the de- 
scription that follows, the 0% intensified zone of the CRT is 

set for the most negative point of the signal, and the 100% 
zone is set for the most positive point. 

Type 568 B 
Sweep 

100% 
Intensified Zone 

if 

> a 

Vertical 
Signal 

\ 0% 
Intensified Zone 

Fig. 4-1. Time relationship of Type 568 sweep, signal, and inten- 

sified zones. 

The horizontal sweep, after passing through a buffer 
stage, is applied to the 0% and 100% zone generator cir- 
cuits (see Fig. 4-2). The horizontal sweep voltage is combin- 
ed with the voltage from each zone generator circuit to 
form gate pulses that are delayed a preset amount of time 
from the sweep start. These gate pulses are applied to 
memory circuits. 
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4-2. Block diagram showing signal flow to start and stop comparators, time measurement mode. Fig. 
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There are two memory circuit cards, one for Channel A 

and one for Channel B. The use of two memory circuits 
provides the Type 230 with the capability of starting a 
measurement on one trace of a dual-trace display and end- 
ing the measurement on the other trace. For example, the 
time difference between pulses on two different signal lines 
can be measured. 

When the 0% gate pulse is generated as previously ex- 
plained, the 0% memory samples the vertical signal volt- 
age at point A of Figure 4-1. This sample is stored in the 
0% memory circuit. The output of the 0% memory circuit is 
applied to one input on each of two differential compara- 
tor circuits (the start and stop comparators). Each memory 
circuit takes a sample of the vertical signal and its output 
automatically adjusts to the signal voltage with every 
sweep. 

When the horizontal sweep reaches point B in Figure 4-1, 
the sweep voltage and the voltage from the 100% zone 
generator combine to form a gate pulse that activates the 
100% memory circuit. The 100% memory circuit samples 
the vertical signal at point B and stores it. The output of 
the 100% memory circuit is applied to a second input of 
the differential comparator circuits. 

Circuit Description—Type 230 

Each comparator needs two inputs: 

1. A pre-selected DC voltage level that sets the point of 
comparison (start or stop point of measurement). 

2. The signal from the vertical amplifier plug-in or the 
sweep waveform. (The START SLOPE and STOP SLOPE 
switches on the front panel are set to the polarity of the 
waveform slope being measured, plus or minus slope, and 
Ist slope or 2nd slope. In programmed operation, the selec- 
tions are made by programming inputs). 

The DC voltage level referred to in (1) above can be a 

percentage of the voltage between the two memories, a 
voltage offset from either of the memories, or a selected 

DC offset voltage referenced to ground as in the case of 
“Horiz mm’ offset. The signal in (2) above can be from 
either the A Channel or B Channel of the vertical plug-in 
unit. 

Figure 4-3 shows the comparators and the time relation- 
ship between the reference and signal voltage. To illustrate 
the operation, the instrument is set to make a 10% to 90% 

time measurement as follows: 

+ Ist Slope 

Start 

Comparator 

P6 y 

A 0% Memory Offset 
o— Generator 

(10%) 

Counters 

q 

Signal Clock 

P8 

A 100% Memory oo 

(90%) 

Stop 

Comparator 

P7 

+ Ist Slope 

90 % —;—______—__>, 

Vertical 
Signal 

10%—--™, 

Pulse from 
Start | 

Comparator 

Pulse from 
Stop 

Comparator 

Fig. 4-3. Block diagram showing start and stop comparator pulse generation. 



Circuit Description—Type 230 

1. Both the 0% and 100% memory levels are applied to 
the offset generator (mounted on the Start Comparator cir- 

cuit card) whose output is a voltage level selected to be 
10% of the voltage between the 0% and 100% memory 

levels. This 10% voltage is applied to one side of the 
start comparator. 

2. In an identical manner to that explained above, a 

90% voltage level is generated by the offset generator on 
the Stop Comparator circuit card and is applied to one 
side of the stop comparator. 

The other input of each differential comparator receives 
the vertical signal from the buffer stage. When the vertical 
signal rises to 10% of its amplitude, the start comparator 
switches and sends a pulse to the clock gate, allowing clock 
pulses to pass to a counter. When the signal voltage 
reaches 90% of its amplitude, the stop comparator fires 

and ends the pulse to the clock gate. Thus between the fir- 
ing of the start comparator and the firing of the stop com- 
parator, clock pulses are passed to the counters. As a re- 

sult, the number shown on the readout is the time between 

the 10% and 90% voltage points of the vertical signal. 

Voltage Measurements 

Figure 4-4 shows the connections to the comparators when 
making voltage measurements. For simplification, only one 
signal, one zone generator and one memory are shown, 
Note that the front panel START and STOP functions are not 
used when making voltage measurements. 

When making voltage measurements, the reference volt- 
ages for the comparators are the memory outputs (derived 
from the vertical signal). The other input to the differential 
comparators is a voltmeter ramp voltage generated on the 
Buffer circuit card. As the voltmeter ramp voltage rises 
through the 0% memory voltage the start comparator fires. 
This sends a pulse to the clock gate and gates a 1 MHz 
clock {generated on the Clock circuit card) to the counters. 
When the voltmeter ramp voltage rises through the 100% 
memory voltage, the stop comparator fires and sends a pulse 
to the counter. The voltage between the 0% and 100% 

levels is equal to the number of 1 MHz clock pulses times 
the voltmeter ramp rate of rise. 

There are three linear voltmeter ramps generated on the 
Buffer circuit card. The voltmeter ramp applied to the com- 
parators for a particular measurement is determined by the 

setting of the volts/div switch of the vertical plug-in unit. 
The rate of rise for the voltmeter ramp for a particular set- 
ting of the volts/div switch is as follows: (a) 2.5 mV/ps for 

any “2” setting of the volts/div switch (+5}, (b) 5mV/js in 

any “1” setting of the volts/div switch (+1), and (c}) 10 mV/ 

ps in any ‘'5” setting of the volts/div circuitry (+2). Like- 

wise, the position of the decimal point and the unit of mea- 
sure are determined by the input attenuator switching of the 
vertical plug-in unit (volts/div). 

The foregoing discussion briefly outlines the two basic 
operating modes of the Type 230. The functions of the syn- 
chronizer, counter, and limit comparator circuits are basi- 

cally the same for both modes of operation. The synchro- 
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Fig. 4-4. Block diagram of signal flow to the start and stop comparator circuits, volts mode. 
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Circuit Description—Type 230 

sweep, the output of Mé14 pin 5 goes low, causing flipflop 
M618 to toggle. The output on M618 pin 5 goes low and 
starts the GATE pulse. Simultaneously, the output on M618 
pin 7 goes high and generates the GATE pulse. The high 
GATE signal, through capacitor C621, resets flipflop M620 
and the resulting high output on M620 pin 4 starts the volft- 
meter ramp generator (transistors Q652, Q663, Q666 and 
associated circuitry). 

The high output of M620 pin 4 is also applied to M614 
pin 7 and holds the output of Mé14 pin 5 low. Thus the 568 
GATE cannot end GATE and GATE until the VOLTMETER 

VOLTMETER RAMP 

Start 
Comparator 

Stop 
Comparator 

Fig. 4-5. 

mode. 
Waveform diagram showing major signals used in volts 

nizer is the heart of the whole system in that it directs the 
system to perform all of its functions in their proper se- 
quence. The synchronizer is comprised of a delay genera- 
tor, logic gates, and flip-flops. The delay generator gener- 

‘ates the DELAY pulse which starts the measurement cycle. 
Other pulses derived from the DELAY pulse discharge the 
memories, reset the clock and counters, and tell the circuit- 

ry when to measure (see Fig. 4-5}. The counter counts and 

stores the gated clock pulses (digitized measurement) from 
the clock circuit. The limit comparators take the binary in- 
formation from the register and compare it with preset 

limits {either front-panel or externally programmed) and 
read out the comparison results. 

A detailed analysis of the operation of the various cir- 
cuits in the Type 230 is given in the following circuit card 

descriptions. Refer to the end of Section 3 for a definition 

of terms. 

CIRCUIT ANALYSIS 

BUFFER CIRCUIT CARD 

The Buffer circuit card provides the interface between ex- 
ternal equipment and tne circuits within the Type 230 prop- 

er. Circuits on the Buffer circuit card are presently com- 
prised of gating circuits, a ramp generator circuit, and two 
operational amplifiers. The Buffer circuit card has been 
kept uncomplicated for easy re-design if future external 
equipment changes cause interface problems. 

GATE and GATE Generator Circuit. The signal on 
connector P5 pin U (see Fig. 4-6) is actually the plus gate 
from the time base plug-in unit. Throughout this description 
this particular signal is referred to as the 568 GATE since it 
arrives via the Type 568. The 568 GATE goes high at the 
start of the sweep, then goes low as the sweep ends. 

From P5 pin U the 568 GATE is applied to transistor 

Q611. The inverted output at the collector of Q611, now 
called SWEEP GATE, is applied to two circuits; to the Zone 
Generator circuit card via P5 pin W, and to the base of 

transistor Q613. The SWEEP GATE output from the collector 
of Q613 is applied to pin 6 of three-input NAND gate 
Mé14. When the 568 GATE goes high at the start of a 

RAMP is ended. 

The MEASURE signal on P5 pin K goes low at the start 
of the measure sweep. When MEASURE goes high, M620 
switches and the resulting low output on M620 pin 4 biases 
@652 into conduction and ends the VOLTMETER RAMP. As 
VOLTMETER RAMP goes low, transistor Q617 is biased into 

conduction and applies a low to Mé14 pin 8. The 568 
GATE goes low at the end of the sweep. With all three of 
its inputs low, M614 pin 5 applies a high to M618 pin 6. 
Flipflop M618 sets, ending GATE and GATE. If for some 
reason MEASURE does not go high, the VOLTMETER RAMP 
continues to run up until the current through resistor R625 
switches M620. In this case, capacitor C624 speeds up the 
switching process. The switching of M620 ends VOLTMETER 
RAMP as previously explained. 

Voltmeter Ramp Generator. The voltmeter ramp gen- 
erator is an integrating Miller run-up circuit comprised 
of transistors Q663 and Q666 and associated circuitry. The 
rate of linear rise is controlled by capacitor C665 and re- 
sistor R661 in series with variable resistor R660. Operation 
of the voltmeter ramp generator is as follows: 

The output of M620 pin 4 is coupled to the base of in- 
hibitor transistor Q652, Transistor Q652 forms a current 
shunt through diode D653 to prevent the generation of a 
VOLTMETER RAMP until GATE goes high and resets M620. 
With M620 reset by GATE as previously explained, the out- 
put of M620 pin 4 goes high and reverse biases Q652. 
Diode D653 is now reverse biased. Timing current from re- 
sistor R660 is allowed to flow into timing capacitor C665 
and the VOLTMETER RAMP starts to run up. 

Transistor Q663 and Q666 form an operational amplifier. 
As the current through R660 is diverted into C665, the volt- 

age at the base of Q663 tries to go negative; the voltage 
at Q663 collector goes positive, decreasing the current 
through Q6é66. As the current through Q666 decreases, Q666 
emitter goes positive and applies degenerative feedback to 
the base of Q663. The result is a linear voltage ramp at 
the emitter of Q666. The VOLTMETER RAMP thus generated 
is used by the start and stop comparators when making 
voltage measurements. 

The rate of rise of the VOLTMETER RAMP can be changed 
by enabling either VERT + 1 or VERT +2 (P5 pins B and A 
respectively). As an example, grounding pin A_ reverse 
biases transistor Q632, and thereby reverse biases diode 

D633. With D633 reverse biased, additional current through 
R634 and R635 is made available for charging timing 
capacitor C665. Since programming pins A and B simulta- 
neously is not permitted, three choices of ramp rise are 

available. The three ramps correspond to the “1”, ‘'2"' and 
5" positions of the Volts/Div switch on the vertical plug-in 
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unit and are enabled by connecting one of two common 
lines (A + 1, 2,5 COMMON or B = 1, 2, 5 COMMON) to 

P5 pin A or B or leaving both open. Selection of the proper 

VOLTMETER RAMP can best be understood by looking at a 
composite of all the circuits related to the voltmeter ramp 
generator as shown on the simplified voltmeter ramp func- 
tion foldout diagram in the Diagrams section of this man- 
val. The common line selected by the vertical plug-in unit 
Volts/Div switch is provided from the CRT Intensification 
card (P10) in the Type 230, and its logic level depends on 
the state of NAND gates Q123 and Q113 as controlled by 
the front-panel MEASUREMENT MODE switch. 

When the MEASUREMENT MODE switch is set to B 
VOLTS, P10 pin 12 (B SIGNAL) on the CRT intensification 

card is grounded through D524 and the switch, and P10 pin 
9 is held low by current through D2051 on the Clock card 
when P8 pin 7 is grounded through D521 and the MEASURE- 
MENT MODE switch. This results in a low on the B ~ 1, 2,5 

COMMON line which is then connected by the Channel B 
Volts/Div switch of the vertical plug-in unit to select the 
proper VOLTMETER RAMP for the Volts/Div setting. When 

the Channel B Volts/Div switch is set to one of the ‘2’ posi- 
tions, P5 pins A and B are both open and the VOLTMETER 

RAMP rate is 2.5mV/pus. When the switch is set to one of 
the “1” positions, P5 pin B (= 1) is held low and the ramp is 

5 mV/s. When the switch is set to one of the “5” positions, 
P5 pin A (+2) is held low and the ramp rate is 10 mV/ys. 

When the MEASUREMENT MODE switch is set to A VOLTS, 
P10 pin 9 (VOLTS) is held low by the connection to P8 pin 
M, but P10 pin 12 (B SIGNAL) is not connected and is there- 

fore high. This results in a low on the A + 1, 2,5 COMMON 
line which selects the proper VOLTMETER RAMP to corre- 
spond with the deflection factor set by the Channel A Volts 
[Div switch. 

If the MEASUREMENT MODE switch is set to TIME P10 pin 
9 is high, causing both + 1, 2, 5 COMMON lines to be high 

and no lows applied to P5 pin A or B, This is true regard- 
less of the logic level on P10 pin 12, since inhibitor Q103 
on the CRT Intensification card applies a low to the inputs 
of NAND gates Q113 and Q123. In this measurement mode 
the VOLTMETER RAMP runs in the +5 mode during each 
sweep {when the 568 GATE is low) but the ramp is discon- 

nected in the Type 230 and is not used. 

50 V Ramp Inverter (Models 1, 2, 3). The inverter cir- 
cuit consisting of transistors Q671, Q685, Q687 and Qé689 

forms a buffer and inverting operational amplifier circuit with 
a gain of approximately —1. The input is the positive-going 
568 SWEEP (50 volts) on P5 pin P. The output is a negative- 

going 50-volt ramp which is applied to the Zone Generator 
Circuit card for use in deriving the ZONE pulses. 

In operation, the 568 SWEEP ramp is applied through 
diode D671 to the base of emitter follower Q671. The volt- 
age at the junction of emitter resistors R670 and R672 rises, 
increasing the conduction through @é687. As the current 
through @Q687 increases, the voltage drop across resistor 
R685 increases and in turn lowers the base voltage of Qé685. 
Since Q685 is another emitter follower, decreasing its base 
voltage causes a corresponding decrease in its emitter volt- 
age. Feedback resistor R683 applies negative feedback to 
the base of Q687 and ensures a linear output, which is 

taken as 50V RAMP from P5 pin M. 

Circuit Description—Type 230 

Note that the output of emitter follower Q671 has a volt- 
age divider circuit in its emitter. The voltage at the junction 
of emitter resistor R672 and R673 is tapped off and applied 
to the base of transistor Q677, another emitter follower. 

The output of Q677 is a positive-going ramp of five volts 
amplitude, the DC level of which is adjustable by resistor 
R675. This 5V RAMP is applied through P5 pin L to the Start 

and Stop Comparator circuit cards. On the Comparator 

cards, the ramp is used as one input to a comparator when 
offsetting the start or stop point from the sweep start in 

making time measurements (HORIZ mm FROM SWEEP START). 

50 V RAMP Inverter (Model 4-up). In operation, the 
568 SWEEP is applied through SWé671 and D671 to the 
base of emitter-follower Q671. A portion of the voltage rise 
at the emitter of Q671 is taken off at the junction of R672 
and R673 and coupled through emitter-followers Q676 and 
Q677 (see Buffer diagram) to the output at P5 pin L. This 
positive-going 5V RAMP output is adjusted by R670 (5V 
RAMP GAIN) to 5 volts for use as a comparison ramp in 

the start and stop comparators while making time measure- 
ments in HORIZ mm FROM SWEEP START mode. Switch SW 
671 at the input is used while adjusting the amplitude and 

DC level of the 5V RAMP output. 

The input 568 SWEEP ramp signal is also taken directly 
from the emitter of Q671 and inverted by Qé687, then ap- 

plied through emitter-follower Q685 to the output at P5 pin 
M as 50V RAMP, a negative-going ramp to be used by the 
zone generators. Negative feedback from the output to the 
base of Q687 ensures a linear output of the ramp. The am- 
plitude of 50V RAMP is adjusted by R680 (50V RAMP GAIN} 
for proper zone positioning across the CRT. 

Vertical Signal Buffers. The vertical signal inputs at P5 
pins 21 and EE are applied to two identical operational 
amplifier circuits, each having an overall gain of 0.5. Since 
the circuits are identical, only the amplifier for Channel A 
is described, 

The input signal on P5 pin 21 is applied to a voltage di- 
vider consisting of resistor R702 in series with the series par- 
allel combination of resistors R704, R705, and R709. The 

resistance of thé series-parallel network is equal to that of 
R702. The input signal is thus attenuated by one half and is 
applied to the base of emitter follower Q711. Resistor 
R716, the emitter load resistor of Q711, is long-tailed to 

transistor Q714 which functions as an impedance transform- 

er to match a high impedance input to a low impedance 
output. The attenuation of the input signal is necessary to 
make the signal levels compatible with the input capabili- 
ties of the integrated-circuit comparator on the Start and 
Stop Comparator circuit cards. 

ZONE GENERATOR CIRCUIT CARDS 

The two Zone Generator circuit cards generate the time 
and width-variable 0% and 100% zone memory-gate 

pulses. The time locations of the four zones are indicated 

by trace brightening on the Type 568 CRT. The operator 
has an option of twenty zone positions and four zone 
widths, all controllable from the front panel or program- 

mable at the appropriate program inputs. The zone posi- 
tions are variable in 0.5 cm steps; the widths available are 

0.3 cm, 2.cm, 4m, and 10cm. 
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The intensified memory zones are generated by two iden- 
tical Zone Generator circuit cards; the “‘A’’ Zone Generator 

circuit card and the "B’ Zone Generator circuit card, Each 
of the two Zone Generator cards contains two zone gener- 
ator circuits which are identical except for the circuit num- 
bers assigned. Since the four zone generator circuits are 
alike, only the “A 0% zone generator is described. 

Each zone generator circuit can be further divided into 
three circuits: the positioning circuit, the width circuit, and 
the squaring circuit. In the following description, the zone 
positioning circuitry is explained, then the width circuitry, 
and finally the generation of the zone pulse by the squar- 
ing circuit. 

The inputs to the zone generators (see circuit diagram) 
are the SWEEP GATE pulse and the 50 V RAMP from the Buf- 
fer circuit card, and position and width logic inputs control- 
lable from either the front-panel REFERENCE ZONES switches 
or from the programming connectors. The outputs of each 
zone generator are (1) ZONE, (2) ZONE, (3) AVERAGE, and 

(4) TWELVE. The ZONE output on pin B is applied to 
the Synchronizer circuit card. The ZONE, AVERAGE, and 

TWELVE outputs are applied to the Memory circuit cards. 

Positioning Circuit 

In operation, zone positioning is controlled by applying 
low levels to the bases of transistors Q814, Q844, Q864, 

Q884, and Q894. These transistors control the current into the 
input of an inverting operational amplifier consisting of tran- 
sistors Q807, Q817, and Q819 and associated circuitry. The 

current control transistors and operational amplifiers ac- 
tually make up a digital-to-analog converter, the analog 
output being taken from the emitter of Q807. 

The 50 V RAMP which starts at approximately +50 volts, 
is applied through R803 to the base of Q817. At the start 
of the sweep the base of Q817 is clamped at about —3.0 
volts by D817. Assuming that all the current control transis- 
tors are cut off due to highs on their inputs, the voltage on 
the emitter of Q807 is about 0 volts. Transistor Q819 is 
near cutoff due to the conduction of Q817. These are the 
conditions at the start of the sweep when all the zone posi- 
tioning inputs are high (positioned at start of sweep). 

As the 50V RAMP starts running down, the decreasing 
voltage results in decreasing current flow through R803. 
Clamp diode D817 starts giving up its current to compen- 
sate for the decrease in current through R803. With all the 
current control transistors cut off, D817 soon runs out of 

current. Transistor Q817 now starts fo give up its base cur- 
rent, with the result that its collector current decreases and 

its collector voltage starts to rise. The rise in Q817 collector 
voltage increases the drive to Q807 base. Emitter-follower 
Q807 increases its conduction and the ramp output ds its 
emitter starts to rise (see Fig. 4-7). As the ramp output of 
Q807 rises, increasing current flow through R809 applies a 
feedback voltage to the base of Q817 which keeps @Q817 
from being immediately cut off. Eventually the voltage at 
the collector of @817 reaches about +12 volts and Q807 
is saturated. With no further increase in feedback available 
through R809, Q817 is cut off by the falling 50V RAMP. 
The voltage at the base of Q817 reaches about —8 volts by 
the time the sweep ends. 

Circuit Description—Type 230 

For purpose of further explanation, assume that a low is 
applied to pin Y or W. (Zone position: 4th centimeter from 
sweep start]. Transistor Q884 saturates and takes all the 
current flowing through resistor R885. This current is sub- 
tracted from the total available at the base of Q8I17. 
Diode D817 now conducts harder and makes up most of 
the current difference necessary to hold Q817 base voltage 
at —3.5 volts. The increased current flow through D817 
increases the voltage drop across the diode slightly and 
Q817 increases its conduction to the point where the voltage 
on the emitter of Q807 rests at about —3.5 volts. These are 
the conditions at the start of the sweep. 

As the 50 V RAMP starts running down, the circuit operates 
as previously explained except that now D817 does not run 
out of current as soon. The 50 V RAMP must run down much 
farther before D817 is reverse biased and Q817 starts giv- 
ing up its base current. The increased distance the 50V 
RAMP must run down before the Q807 emitter starts rising 
represents 4cm of zone position displacement on the CRT 
trace. Switching the current control transistors on and off 
changes the amount of current which D817 must pass and 
changes the zone position. 

When externally programming the Type 230, it is possible 
to program both the 4cm and 8 cm position inputs. This is 
detected by circuit connected to the base of Q899, and 

Q899 is turned off. The TWELVE signal output of Q899 is 
applied to pin 27 and thence to the memories. The use 
of this signal will be described in the memory circuit 
description. 

Width Circuitry 

The width circuitry consists of Q823, Q827, Q829, Q833, 

Q854, Q856, Q874, Q876, D831, and D832. Transistors Q823, 
Q827, and Q829 form another inverting operational ampli- 
fier; Q833 operates as an inverter. For purposes of expla- 
nation, assume that the width inputs (pins R, U, M, and N) 

are high (the zone width is 0.3 cm), Assume also that one or 
more of the position inputs is low. 

At the start of the sweep the voltage at the base of Q827 
is resting at about —3.6 volts. @Q829 is conducting, which 
biases Q827 to a collector current of about 1 mA. The con- 
duction of @827 biases @823 to where it also passes about 
1 mA and the voltage on Q823 emitter is about +2 volts. 

The voltage at the junction of diodes D831 and D832 is 
about —2 volts, that at the base of Q833 about —4 volts. 

Diode D831 is forward biased and conducting; D832 is re- 
verse biased. 

When the 50V RAMP starts running down, nothing hap- 
pens in the width circuit until D817 runs out of current and 

the ramp out of Q807 starts running up as previously ex- 
plained. At the point where @807 ramp starts to run up, 
two things start to happen; the forward bias on D831 starts 
to decrease and the voltage on the base of Q827 tries to 
move positive. As the base voltage of Q827 starts to rise, 

Q827 increases its conduction and decreases the bias on 
Q823 base. Transistor Q823 decreases conduction, Q823 
emitter voltage starts to fall, and the falling emitter voltage 
is coupled through R825 to @827 base where it opposes 
the rising ramp voltage. 

As the ramp output of Q807 continues to rise the current 
through D831 decreases toward zero. The voltage at the 
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base of Q833 starts positive and Q833 is biased into con- 
duction. The rising ramp voltage of @Q833 base quickly 
drives the transistor into saturation and its collector voltage 
bottoms out at about —3.5 volts. This is the start of the 
ZONE pulse. 

Meanwhile, the ramp voltage on Q823 emitter is running 

down. When the ramp output of Q823 emitter falls to the 
point where D832 becomes forward biased, the conduction 

of D832 starts pulling the Q833 base negative again. Tran- 
sistor Q833 collector voltage rises rapidly to about +2 
volts as Q833 is driven into cutoff. This is the end of the 
zone pulse. The waveform output of Q833 collector is that 
of an inverted, truncated triangle whose leading edge is 
generated from the Q807 emitter ramp and whose trailing 

edge is generated from the Q823 emitter ramp (see Fig. 4-7). 

The zone width is increased from 0.3cm to 2cm by ap- 
plying a low to either pin R or U. A low at either of these 
inputs biases transistor Q854 into conduction. The conduc- 

tion of @Q854 biases Q856 into cutoff and the current 
through R856 is now diverted through R857 to R821 and the 
base of Q827. Transistor Q827 decreases conduction, its 

collector voltage rises, and the resting voltage at Q823 now 
emitter rises. Since the negative-going ramp output of Q823 
now starts from a higher positive level the time between 
the point where D831 is reverse biased and the point where 
D832 becomes forward biased is increased. Transistor 
Q833 remains in conduction for a period equal to 2cm of 
CRT trace. 

Note the values of R876 and R856 in the 4cm and 2cm 
width circuits respectively. It can be seen that if 4cm width 
is programmed instead of 2m, the resting point of Q823 
emitter is moved more positive and Q823 emitter ramp 
must run down from the higher level. The output pulse from 
Q833 is now 4m wide instead of 2cm. With both the 2 cm 
and the 4cm WIDTH inputs low, the resting potential to 

Q823 emitter is so high that D832 never becomes forward 
biased before the sweep ends. Once the ZONE pulse 
moves low, it does not return to the high level until the end 
of the SWEEP GATE Pulse. Before leaving the width circuits, 

the function of AND gate diodes D855 and D875 should be 
noted. If neither the 2cm width circuit nor the 4cm width 
circuit is receiving a low input, both D855 and D875 are re- 
verse biased and the AVERAGE signal output on pin P is 
low. If either or both of the two width circuits are receiving 
a low, the corresponding diode(s) is forward biased and 
the AVERAGE signal is high. The AVERAGE signal output 
on pin P is used to signal the memory whether an average 
charge or a peak charge is to be made. This will be dis- 
cussed again in the Memory circuit card description. 

Squaring Circuit 

Integrated circuit M838 is used as a Schmitt circuit whose 
purpose is to square up the pulse output of Q833. Between 
sweeps the SWEEP GATE input on pin A is high and inhibits 
M838. At the start of the sweep, pin A goes low and M838 
is enabled. When Q833 collector voltage goes negative at 
the start of a ZONE pulse as previously explained, the cir- 
cuitry inside M838 changes state. The ZONE output on pin B 
goes high, the ZONE output on pin C goes low. Switching 
action is rapid and the pulse shows a square shape. At 
the end of the negative pulse from Q833, M838 resets. If 
10cm zone width is programmed, M838 is reset by the end 
of SWEEP GATE. Thus M838 is reset by either the end of the 
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negative pulse from @833 or the end of SWEEP GATE,which- 
ever occurs first. 

MEMORY CIRCUIT CARDS 

The Type 230 contains two Memory circuit cards, one for 

Channel A and one for Channel B. The two cards are iden- 

tical; each contains a 0% memory circuit and a 100% 
memory circuit. 

The inputs to each Memory circuit card (see circuit dia- 
gram) are the 0% ZONE, 100% ZONE, AVERAGE, and 

TWELVE signals from the Synchronizer circuit card, the sig- 
nal output of the vertical plug-in unit received via the Buf- 

fer circuit card, and the STROBE signal from the Clock 

circuit card. The outputs from each of the two cards are 

memory voltage levels corresponding to the signal voltage 
at the intensified zones and signals that indicate when the 
memories are properly charged. The memory voltage 
levels are applied to the Start and Stop Comparator cir- 

cuit cards for use as one of the reference voltages in each 
of the two comparators. The memory status signals are 
sent to the Synchonizer circuit card where they enable a 
measurement sweep if the memories are properly charged. 

0% Memory Circuit 

For purposes of explanation, assume that the AVERAGE, 

TWELVE, and STROBE signals are low, that DISCHARGE 

AND 0% ZONE are high, and that there is a signal present 
at pin R. Assume also that flipflop M1022 is in the reset 
state, providing a low state of 0% CHARGED, indicating to 
the synchronizer that the 0% memory is charged (see Fig. 
4-8). Under these conditions the high 0% ZONE signal on 
NAND gate M1012 pin 7 causes a low on M1012 pin 5. The 
low on M1012 pin 5 biases transistor Q1015 off, Q1015 
collector voltage rises and biases Q1018 off. The high 
DISCHARGE signal on NAND gate M1020B pin 9 causes its 
output to go low, biasing transistors Q1031 and Q1036 off. 
The high 0% ZONE signal from pin A to NAND gates 
M1040A pin 8 and M1040B pin 9 cause both inputs to 
NAND gate M1042B (pins 9 and 10} to be low. The output 
of M1042B goes high and biases transistor Q1046 off. Turn- 
ing off Q1046 biases transistor Q1053 off also. At this 
point diodes D1062, D1063, D1065, and D1066 are all re- 

verse biased. The charge on memory capacitor C1063 can- 
not change under these circumstances. 

When the Synchronizer circuit starts a measurement cycle, 

the memory DISCHARGE pulse is generated by the DELAY 
pulse and GATE. The negative-going DISCHARGE pulse is 
applied to M1020B pin 9 and the output of MI020B goes 
high (TWELVE, the other input, is low). The high output of 
M1020B sets flipflop M1022, causing the output on M1022 
pin 5 to go high and the output on pin 4 (Model 4-up) to 
go low. The high output from M1022 pin 5 goes to the Syn- 
chronizer card to indicate that the 0% memory is not 
charged. In Memory Model 4-up, M1022 Pin 4 is connected 
to M1040A pin 7. The low at pin 7 enables M1040A to act 
when 0% ZONE moves low. The high output at M1022 pin 
5 also is applied to pin 7 of AND/NAND gate M1026, 
causing the output at M1026 pin 4 to go high and the ‘out- 
put at pin 5 to go low. The low at M1026 pin 5 turns off 
Q1043, which enables Q1057. The high signal from M1020B 
pins 4 and 5 is also applied to Q1031, biasing it into con- 
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duction. The conduction of Q1031 turns on Q1036, which 4-up), the output at M1040A pin 6 goes high. The high out- 
completes a current path for memory capacitor C1063 
through D1065, D1066, and Q1036. Capacitor C1063 now 

charges to about +64 volts. This is considered to be the dis- 
charged state of C1063. As the DISCHARGE pulse ends and 
again goes high, Q1036 cuts off, disconnecting the discharge 
path for C1063. 

The 0% memory circuit now waits until the 0% ZONE 
pulse from the Zone generator circuit moves low. The low 
0% ZONE pulse is applied to NAND gate M1040B pin 9 
and to NAND GATE MI1040A pin 8. Since the input to 
M1040A pin 7 is receiving a low from M1022 pin 4 (Model 

put of M1040A is applied to M1042B pin 9 causing the out- 
put at M1024B pins 4 and 5 to go low. The low output 
from M1042B is connected to M1048A pin 7, permitting 
M1074 to control the gate via the pin 8 input. The low out- 

por of NWIOAD oso is apphed to She ase of QYDAG, and 

enables the transistor. Thus, the 0% ZONE pulse has en- 

abled the memory charging circuit. Whether the charge in 
C1063 gets changed or not is now dependent upon the out- 
put of the differential comparator, M1074. The low output 
of M1042B enables input pin 7 of NAND gate M1048A, al- 
lowing M1074 to control the gate. 
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NOTE 

In Memory circuit cards Models 1, 2, and 3, pin 7 

of MI1040A is connected to pin 5 of M1026 in- 

stead of M1022 pin 4 as in Model 4 and up. The 

earlier configuration caused the state of MIO40A 

to be dependent upon the condition of the AVER- 

AGE signal. Models 4-up are no longer dependent 
upon this condition. 

The signal input on pin R is applied to the inverting input 
(pin 3) of M1074. The memory output is applied via resis- 
tor R1073 to the non-inverting input {pin 2). Now, if the volt- 

age across C1063 is greater than the signal voltage, the out- 
put of M1074 goes positive and turns on Q1046 through re- 
sistor R1046. The conduction of Q1046 biases Q1053 into 
conduction, closing the charge path from —3.5 volts through 
Q1057, Q1053, D1062, D1063 and R1063. High current 
through this path very quickly reduces the positive charge 

in Cl0é3 and the memory output follows the change in 
C1063 voltage. When the voltage across C1063 reaches the 
signal input voltage, M1074 pin 7 immediately goes low 
and cuts off Q1046. The voltage across C1063 is now a 
close approximation of the signal voltage at this instant 

{the beginning of the 0% ZONE). The low output of M1074 

pin 7 activates NAND gate M1048A, M1048A resets flip- 
flop M1022, and M1022 sends a signal (via pin H) to the 

Synchronizer circuit that the 0% memory is charged. 

Switching M1022 also applies a low to M1026 pin 7. The 
output on M1026 pin goes high (AVERAGE is assumed to be 
low). The output of M1026 pin 4 is applied through resistor 
R1011 to M1012 pin 8. Since both 0% ZONE and STROBE 
are already low, the output of M1012 pin 5 goes high after 
about 1 microsecond of delay caused by R1011 and C1011. 
The high output from M1012 pin 5 biases on transistors 
Q1015 and Q1018. A small amount of current now flows 
through the path consisting of R1063, D1065, D1066, Q1018, 
and R1018, pulling the voltage on C1063 positive. 

In Model 4-up, pin 4 output of M1022 goes high, and after 
about 1 microsecond of delay caused by R1041 and C1041, 
M1040A pin 7 goes high and output pin 6 goes low, enabling 
pin 9 of NAND gate M1042B. The high output on M1026 
pin 5 is applied through R1042 to the base of Q1043, causing 

Q1043 to conduct and Q1057 to cut off. 

in Models 1-3, the high output of M1026 pin 5 is applied 
through R1041 to M1040A pin 7 and to Q1043 base. After 
about one microsecond delay caused by R1041 and C1041, 
Q1043 is biased into conduction and cuts off Q1057. The 
high also causes that output of M1040A pin 6 to go low, en- 
abling M1042B pin 9. Since both 0% ZONE and STROBE 
are low, the output of M1040B is high and causes the out- 

put of M1042B to be low. The output of M1042B is applied 
as enabling bias to Q1046 base. 

As the current through Q1018 pulls the voltage on C1063 
positive, the 0% memory output voltage rises also {all 

models). When the 0% memory output voltage equals the 
signal voltage, M1074 switches and its output on M1074 pin 
7 goes high. The high from M1074 pin 7 is applied to 
Q1046 emitter and Q1046 now conducts and biases Q1053 
on. The conduction of Q1053 through R1059 starts pulling 
the voltage on C1063 slowly negative again. Differential 
comparator M1074 now switches rapidly back and forth, 
constantly balancing the voltage on C1063 with the signal 
voltage. Flipflop M1022 continues to send a 0% memory 
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charged signal to the synchronizer, since it does not set 
again until DISCHARGE occurs. 

At the end of the 0% ZONE pulse, M1012 pin 7 goes 
high, M1012 pin 5 goes low, transistor Q1015 turns off, and 
the path from C1063 to the +50-volt supply opens. The in- 
put to M1040B pin 9 and M1040A pin 8 goes high and both 
NAND gates deliver low outputs. NAND gate M1042B now 
delivers a high on its output pins 4 and 5 and applies cut- 
off bias to the base of Q1046. Turning off Q1046 biases 
Q1053 off also, opening the path from C1063 to the —50- 
volt supply. Memory capacitor C1063 is now disconnected 
from any charge or discharge path and retains its charge 
until the DISCHARGE pulse or another 0% ZONE pulse 
occurs. 

At the start of the foregoing description it was assumed 
that STROBE remained low. The assumption was made in 
order to simplify the explanation. In actual practice, the 
only time that STROBE remains low is when the Type 3B2 is 
used as the horizontal plug-in unit. At clock rates of 100 
kHz and below, as in equivalent-time sampling, the STROBE 

pulse is delayed for about two microseconds following 

each clock pulse, then is low for a period of about six 
microseconds. 

Strobing the memories with 6 us pulses provides for bet- 
ter averaging. Without strobing, it would be possible for 
the memories to contain a voltage representing a noise 
spike or misplaced sample at the time ZONE goes high. 
With strobing, the memory voltage is permitted to move 10 
mV during each 6 us strobe pulse, thus averaging out mis- 
placed samples or noise spikes. The fact that STROBE is 
switching between high and low does not invalidate the 
foregoing explanation; the action is merely broken up into 
6s periods as the STROBE pulses switch NAND gates 
M1012 and M1040B. 

Likewise in the description it was assumed that TWELVE 
was low. This is always so in front-panel operation. With 
TWELVE low, the memories are discharged at the beginning 
of each memory sweep. However, when making pro- 
grammed measurements, it is frequently advantageous to 

discharge the memories, charge them during the zones, then 
make a whole series of voltage and time measurements be- 
fore again discharging the memories. This saves the time 
normally spent on first discharging, then charging, the mem- 
ories on separate memory sweeps for each measurement. 
As an example, after making a memory charging sweep, it 

is possible to program a measurement series consisting of 
A volts, B volts, A risetime, B risetime, Time between A and 
B, and so on. 

When programming the TWELVE function, certain other 
program inputs and conditions are required also. These 
are as follows: 

1. The Type 230 must be set for triggered measurement 
and must receive a trigger from the readout equipment or 
other source, 

2. The time-base unit must be synchronized with the Type 

230. This can be accomplished by programming HIGH 
SPEED. 

3. The series of measurements must be made on a repeti- 
tive input waveform (or waveforms when using both A and 
B channels). 
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4. The first measurement in the series should be made be- 

fore TWELVE is programmed. 

5. The vertical sensitivity, offset, trace position and signal 
must remain the same throughout the measurement series. 
For further information concerning the programming of the 
TWELVE function, see the Programming section of this 

manual. 

Operation of the Type 230 in any of the peak modes 
causes AVERAGE to go high. The 0% memory changes its 
operation as explained in the following paragraphs. 

100% memory circuit logic diagram. 

The high AVERAGE signal applied to M1026 pin 6 causes 
a high output at M1026 pin 4. The high from M1026 pin 4 
to M1012 pin 8 inhibits M1012, turning off Q1015 and 
Q1018. Current flow through Q1036 provides discharge cur- 
rent for C1063 during DISCHARGE time. 

In Models 1 through 3, the high AVERAGE signal applied 
to M1026 pin 6 causes the output of M1026 pin 5 to go low, 
enabling M1040A pin 7. The other input, M1040A pin 8, is 
activated by the now widened 0% ZONE pulse (ZONE is 

widened because of the uncertainty as to where the peak 
signal actually occurs). The low output of M1026 pin 5 
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also biases Q1043 and @Q1057 into conduction, providing 

additional current to charge C1063 at a faster rate. 

In Model 4-up, the low output at M1022 pin 4 enables pin 
7 of M1040A. The other input, M1040A pin 8, is activated 
by the now widened 0% ZONE pulse (ZONE is widened 

because of the uncertainty as to where the peak signal actu- 
ally occurs). The high AVERAGE signal applied to M1026 
pin 6 causes the output of M1026 to go low, turning off 
transistor Q1043 and enabling the base of Q1057. 

The 0% memory circuit (all models} is now able to follow 
rapid negative increases in signal level, but since Q1018 is 
biased off, positive-going excursions of the signal are ig- 
nored. The 0% memory circuit output now represents the 
most negative peak that occurs during the low state of 0% 
ZONE, 

100% Memory Circuit 

The 100% memory circuit is similar in operation to the 

0% memory circuit except that where the 0% memory ca- 
pacitor is discharged positively to +6 volts and charged 

to +2 volts (with the trace centered), the 100% memory ca- 

pacitor is discharged to —2 volts and charged to +2 volts. 
The reason for the circuit differences between the two mem- 
ories is that 0% memory must charge quickly in the nega- 

tive direction while the 100% memory must charge positive 
rapidly, when in peak mode. 

For purposes of explanation, assume that 100% AVERAGE, 
STROBE, and TWELVE are low {see circuit diagram). As- 

sume also that the 100% ZONE and DISCHARGE inputs are 
high and that a signal is applied to pin R. Under these con- 
ditions the high 100% ZONE signal on NAND gate M1112B 
pin.10 causes a low on M1112B pin 5. The low on M1112B 
pin 5 is applied through a phantom OR gate (see Fig. 4-9) 
to the base of transistor Q1125, biasing it off. Turning off 
Q1125 biases off transistor Q1134 and thereby reverse 
biases diodes D1152 and D1153. The high 100% DIs- 

CHARGE signal on NAND gate M1020A pin 7 causes a low 
output on M1020A pin 6, biasing off transistors Q1182 and 
QI1185. Diodes D1155 and D1156 are consequently reverse 
biased by the path through resistor R1178 to +50 volts. 
With D1152, D1153, D1155, and D1156 all reverse biased, 

the charge on memory capacitor C1153 cannot change. 

The negative-going DISCHARGE pulse is applied to 
M1020A pin 7. The 100% TWELVE signal at M1020A pin 8 
is also low, so the output on C1020A pin 6 goes high. The 
high output of M1020A pin 6 sets flipflop M1144 and the 
output on M1144 pin 5 goes high. The high output of M1144 
pin 5 is applied to the Synchronizer card and signals that 
the 100% memory is not charged. The high signal from 

M1020A also biases Q1182 and Q1185 into conduction, 
discharging C1153 to —2 volts, This is the discharged state 
of the 100% memory capacitor. As the DISCHARGE pulse 
ends and again goes high, M1020A pin 6 goes low, cutting 
off Q1182 and Q1185 and disconnecting the discharge path 
for C1153, 

The 100% memory circuit now waits until the 100% 
ZONE pulse from the Zone generator circuit card arrives 
at pin W. The negative-going 100% ZONE pulse is applied 
to NAND gate M1112B pin 10. With both inputs low, 
M1112B pin 5 goes high and turns on transistors Q1125 and 
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Q1134. The high output of flipflop M1144 pin 5 causes 
AND/NAND gate M1120 pin 4 to go high and turn on tran- 
sistors Q1121 and Q1130. The current flow through Q1134 
and Q1130 forward biases D1152 and D1153 and applies 
a heavy charge current to C1153. As the voltage across 
C1153 quickly goes positive, the operational amplifier con- 
sisting of Q1155, Q1159 and Q1162 follows the change and 
delivers a positive-going signal ‘to differential comparator 
M1150 pin 2. When the memory output voltage equals the 
signal voltage, M1150 switches and applies a high to 
Q1125 emitter, cutting it off. The high output of M1150 pin 
7 is also applied to Q1152 emitter. With 100% ZONE low, 
Q1142 turns on and switches flipflop M1144 via M1144 pin 
10. The output M1144 pin 5 goes low, signaling the Syn- 

chronizer card that the 100% memory is charged. The volt- 
age in C1153 is now a close approximation of the signal 
voltage at this instant (the beginning of the 100% ZONE). 

Switching M1144 also applies a low to M1120 pin 7. The 
output on M1120 pin 4 goes low and turns off transistors 
Q1121 and Q1130, opening the high-current charge path to 

C1153. The low output on M1120 pin 4 is also applied to 
M1170 pin 8. The input to M1170 pin 7 is the 100% ZONE 
pulse, the input to pin 6 is the STROBE signal. The output 
of M1170 pin 5 now goes high and low at the STROBE rate, 
turning Q1176 and Q1179 off and on. Turning the two tran- 
sistors off and on starts removing the charge from C1153. 
When the charge on C1153 falls slightly below the signal 
level, M1150 switches and turns Q1125 back on. Turning on 

Q1125 again biases Q1134 back into conduction and starts 
recharging C1153. The charging current is turned off and on 
in accordance with the STROBE signal applied to M112B 
pin 9. When the charge in C1153 again exceeds the signal 
voltage, M1150 once again switches and starts the dis- 
charge process. The switching of M1150 is very rapid and 
the charge on C1153 is held very close to the signal level 
for the duration of the 100% ZONE pulse. 

Operation of the Type 230 in any of the peak modes 

causes AVERAGE to go high as previously explained. The 
100% memory changes its operation as explained in the 
following paragraphs. 

The high AVERAGE signal applied to M1120 pin 6 causes 
a high output at M1120 pin 4. The high from M1120 pin 4 
to Q1121 base turns on Q1121 and Q1130. The conduction 
of Q1121 and Q1130 provides additional current through 
Q1134 to charge C1153. The high from M1120 pin 4 is also 
applied to M1170 pin 8. The output on M1170 pin 5 goes 
low and biases Q1176 and Q1179 off, opening the dis- 

charge path for C1153. With the charge path controlled by 

the operation of M1150, M1120, M1112B, Q1121, Q1130, 
Q1125, and Q1134, the memory circuit is now able to fol- 
low rapid increases in signal level. However, with Q1176 
and Q1182 cut off, decreases in signal level are ignored. 
The memory circuit output now represents the highest peak 
that occurs during the 100% ZONE pulse. As in the case of 
the 0% memory, the 100% ZONE pulse is widened because 
of the uncertainty as to where the peak signal actually 
occurs, 

Operation of the 100% memory circuit with TWELVE pro- 
grammed high is similar to the operation of the 0% Mem- 
ory circuit with similar programming. The TWELVE signal 
is programmed high before the second measurement and 
causes the output of M1020A pin 6 to remain low, disabling 
the path for the DISCHARGE signal. 

a, 



Circuit Description—Type 230 

+50V 

4-12V 
A 
——_——O _— 

RI (AB) 
B fo} | 

—-——_¢ R2 
Ql 

K1 

R4 
K1 yoo 20K 

4+12V 

— —50V 

Fig. 4-10. Basic RTL circuit and logic symbol. 

P6, P7 
VOLTS NS 

P6, P7 107 

| N 
< «4 
14, BIG K 1336 TO CRT 
Z A INTENSIFICATION 
LT MEMORIES ENSIFIC 

K1314 
B 
MEMORIES S/ 

VE = 14 
N 

Q1324 

K1324 
Vv M RAMP 

3 ° Oo 
N 
V4 HORIZ mm } e116 )c O 

> K1318 
SWEEP 
RAMP, == 
REFGND - 

YN —O 1378 01382 
1, OFFSET FROM cy P1376 
112 100% K1392 
~ OFFSET 

| FROM 0% 
ee a = 

= K1382 
1) yo mm BELOW e O OFFSET 

C7 FROM 100% 

5 
< mm BELOW = 
| % BETWEEN 
Z 
N 

| o> % BETWEEN 

Fig. 4-11. Comparator function logic diagram. 

4-15 



Circuit Description—Type 230 

START AND STOP COMPARATORS 

The Type 230 has two Comparator cards, a start com- 
parator for (P6) and a stop comparator (P7}. As described 

previously, the function of these cards is to gate the clock 
on and off when appropriate logic levels and signals are 
received, Reed switches on the cards are controlled from 
the front-panel on the Type 230 or via rear-panel program- 
ming. Since the two cards are identical both physically and 

electrically, only the switching logic of the start comparator 
will be explained in detail. Operation of the offset genera- 
tor section will be described for both cards to explain the 
various measurement modes. 

The comparator circuitry may be separated into three ma- 
jor sections: the differential comparator, M1472; the func- 
tion logic section, Q1314 through Q1392; and the offset 
generator section, Q1421A through Q1472 and Q1513 
through Q1583 (see circuit diagrams}. 

Differential Comparator 

The output function of the comparator card is provided 

by differential comparator M1472, an integrated circuit de- 
vice. Comparison is made between a selected reference 
level and a selected input or ramp signal to generate the 
start (or stop} of the measurement, The reference level is 

either ground or one of the four memory outputs, or a se- 
lected offset from one of these. The signal for comparison 
may be either A SIGNAL, B SIGNAL, the VOLTMETER RAMP 

or the 5V RAMP. These signals all come from the Buffer 
card. The maximum usable amplitude of either ramp signal 
out of the Buffer card is +5 volts. The level of A signal or 
B signal will normally be between ground and +5 volts. 

When the voltage on the positive-going transition of the 
selected input signal matches the selected comparison volt- 
age, differential comparator M1472 fires, sending a nega- 
tive-going step through P6 pin 7 to be used for gating the 
clock circuit. When the signal voltage again returns below 
the comparison level, the comparator resets to its ready 

state. 

Function Logic Section 

The function logic circuitry consists primarily of resistor- 
transistor logic gates {RTL}! which controi the relays that se- 
lect the comparison level and the signal to be applied to 

the differential comparator. A basic resistor-transistor 
NAND gate is illustrated in Fig. 4-10. Input resistors Rl and 
R2 form part of the voltage divider that determines the 
state of the gate. A ground closure at either A or B is con- 
sidered a logical one (low). When no ones (lows) are pres- 

ent at A or B, diode D1 clamps the base of transistor Q] 

at approximately +12.6 volts. This voltage holds Q1 in 

cutoff with its emitter-base junction reverse biased. 

If only resistor Rl were grounded through the A input, the 
voltage at the base of Q1 would still not be below the 
clamp voltage of D1, and Q1 would remain cut off. The 
same would occur if only resistor R2 were grounded through 
input B. If both A and B were grounded, however, current 
through RI and R2 would be sufficient to drop the base 

*An explanation of RTL logic gates may be found in the text: Dig- 

ital Computer Fundamentals, Thomas C. Bartee, McGraw-Hill, 1966, 

pp. 108-110. 
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voltage of Q1 and bias the transistor into conduction. With 
QI] turned on, relay K1 is energized, and provides the acti- 
vated function of NAND gate R1-R2-Q1. 

Fig 4-11 is a logic diagram of the function logic section 
of the Comparator card. The way this logic relates to the 

selection of the signal and the comparison level may be 
seen in Fig. 4-12. 

Either mm or % from the memory level may be selected 
for the comparison reference when A or B SIGNAL or the 
VOLTMETER RAMP is used for the comparison signal. When 
the SWEEP RAMP is used for comparison, only mm may be 
selected as the reference by the function logic. See Table 
4-1 for the logic used in the various measurement modes. 

B Signal 

The logic lines that program B SIGNAL (and A SIGNAL} 
enter the Comparator card at pins 11 and M. Pin M is the 
external program input from J202; pin 11 is the internal pro- 

gram input from the MEASUREMENT MODE selector on the 
front panel of the Type 230. These two inputs form a NOR 
gate with transistor Q1314, When either pin M or pin 11 is 
low, the output of the B Memories NOR gate (at the collec- 

tor of Q1314) is high, energizing relay K1314 which selects 
the B 0% and 100% memories for setting the comparison 
level reference. The high at the output of the B Memories 
NOR gate is also applied to the A memory inverter (Q1336) 
and to one input of the three-input A Signal NAND gate 
(R1332-R1331-R1354-R1356). The high at the base of Q1336 
holds that transistor in the non-conduction state, inhibiting 
relay K1336 to prevent any comparison being made with 
the A 0% or 100% memories. The low at the output of the 
A memory inverter (Q1336} enables one input of the three- 

input B Signal NAND gate (R1336-R1351, R1352-Q1342). For 
the purpose of this discussion, assume that the levels at Pé 
pins 2, 3 and 4 (VOLTS and HORIZ mm) are all high, caus- 

ing the second and third inputs of the B Signal NAND gate 
to be enabled (low). With ali three inputs low, the output 

of this NAND gate is high and relay K1342 is energized, 
selecting the B input signal for the comparison signal. Even 
though two of the inputs to the A Signal NAND gate (R1332- 
R1331-R1354-Q1356) are low, being connected in parallel 

with two inputs of the B Signal NAND gate, the A Signal 
NAND gate is inhibited by the high third input from the B 
Memories NOR gate. With the A Signal NAND gate inhibit- 
ed, K1356 is not energized and the A signal is not connect- 
ed. The outputs of the B Signal and A Signal NAND gates 
are also applied to the CRT intensification circuit through 
Pé pins K and L to permit intensification of the trace during 

the measurement period if other circuits are programmed 
for intensification. 

When the HORIZ mm and VOLTS inputs are high, as pre- 

viously assumed, if both B SIGNAL logic inputs (P6 pins 11 
and M)} are also high, the B memories and B signal will be 

inhibited by the B Memories NOR gate and the B Signal 
NAND gate, respectively, and the A memories and A signa! 
will be activated by the A memories inverter and A Signal 
NAND gate, respectively. Under these conditions the A sig- 
nai will be applied to one side of the differential compara- 
tor (M1472) and the A 0% and/or 100% memories (depend- 

ing on measurement mode) will determine the reference level 
at the other side of the comparator. 
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TABLE 4-1 

Function Logic for Various 

Measurement Modes 

Ps 
a. Pa 4 
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<x aa 

a =Z wn n = = 

a = i 1) ow a tM > 4 a 
< = fo a. 05 Q fe) fe) 9 “ “ 
Z Zz = wi O = = 2 ra) TT] i 
© oO - woe wa wi WW < a a a a a = > tb = = “ i ue [e) nw ° —E E ra ra 
roa) < > dan < roa) ~ £ E O O 
N Ne) xt © 00 Ne) xt fo) xt tt “ Nn 
t 0 N -— ro) — ws) nN es) oO ro) 
° re] ror] mo roe) Pe) ro) roe] ro) o ro) 
x x 7 ae iy, x x x x x M 

A VOLTS 0 0 1 0 ] 0 r $ ra r r 
B VOLTS 0 0 ] 0 0 ] o ra od ra r 
A% Between Zones 0 ] 0 0 1 0 1 0 0 1 0 
BY Between Zones ] 0 0 0 0 1 1 0 0 ] 0 
A mm Above 0% 0 1 0 0 1 0 0 1 0 1 0 
A mm Below 0% 0 ] 0 0 ] 0 0 0 ] ] 0 
B mm Above 0% ] 0 0 0 0 ] 0 ] 0 ] 0 
B mm Below 0% ] 0 0 0 0 1 0 0 1 1 0 
A mm Above 100% 0 ] 0 0 ] 0 0 1 0 0 1 
A mm Below 100% 0 1 0 0 1 0 0 0 ] 0 1 
B mm Above 100% ] 0 0 0 0 1 0 1 0 0 1 
B mm Below 100% 1 0 0 0 0 1 0 0 1 0 1 
Horiz mm From 
Sweep Start 0 0 0 1 0 0 0 r r 0 0 

0—Open 

]—Closed 

—Don't Care. Reed may be open or closed, depending on other program information. 

Volts 

The VOLTS program from either the external program in- 
put or the MEASUREMENT MODE switch enters the Com- 
parator card at Pé pin 2. The external input is directly 
from 201 pin 8. For internal operation, P6 pin 2 and P7 
pin 2 are held low by current through D2051 on the Clock 
card when P8 pin 7 is grounded through D521 and the 
MEASUREMENT MODE switch. (See the fold-out Simplified 
Voltmeter Ramp Function diagram in the Diagrams section 
of this manual.) Q1324 inverts the input VOLTS level to 
VOLTS. When the voltage at pin 2 is low, the high output 
of the inverter energizes relay K1324, connecting the VOLT- 
METER RAMP to the signal side of the differential compara- 
tor. The high output of Q1324 also inhibits the functions of 
the B Signal, A Signal and Sweep Ramp NAND gates, pre- 
venting any of these signals from being connected to the 
differential comparator. 

When the voltage at pin 2 is high, the VOLTMETER RAMP 
is inhibited from being connected to the differential com- 
parator. In this case, Q1324 does not inhibit either the 
SWEEP RAMP, A SIGNAL or B SIGNAL. 

Horiz mm 

HORIZ mm enters the Comparator card at Pé pins 3 and 
4, Pin 4 is the input from external program connector J202; 
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pin 3 is the internal input from the TIME MEASUREMENT 
START POINT {or STOP POINT) switch on the front panel of 

the Type 230. These two inputs form the Horiz mm OR gate 
which controls one input of the Sweep Ramp NAND gate 
(R1316-R1329-Q1318). When the VOLTS program at Pé pin 
2 is high and the HORIZ mm program at Pé pin 3 or 4 is 
low, the output of the Sweep Ramp NAND gate is high, 
energizing relay K1318. When K1318 is energized it con- 
nects the SWEEP RAMP to one side of differential comparator 
M1472 and connects ground as reference to the offset 
generator. 

The output of the Sweep Ramp NAND gate is also con- 
nected to one input of the Offset from 100% NAND gate 
{R1376-R1378) and one input of the Offset from 0% NAND 
gate (R1386-R1385-Q1392}, When the SWEEP RAMP is en- 
abled by K1318, the high inputs to the Offset from 0% and 
the Offset from 100% gates inhibit the offset generator 
from comparing against the 0% or 100% memories of 
either channel. As mentioned earlier, the B Signal and A 
Signal NAND gates are also inhibited when the Sweep 
Ramp NAND gate output is high. 

Offset from 100%; Offset from 0% 

The Offset from 100% OR gate consists of program in- 
puts Pé pins N and 12. Pin N is the external programming 



input; pin 12 is from the front panel TIME MEASUREMENT 
START POINT {or STOP POINT) switch. The output of this 

OR gate is applied to the Offset from 100% AND gate 

composed of resistors R1378 and R1376. For this AND gate 
to function the output of the Offset from 100% OR gate 

and the output from the Sweep Ramp NAND gate must 

both be low. This is the case when Offset from 100% is 

programmed. The low output from the Offset from 100% 
AND gate is then sent to the base of inhibitor transistor 
Q1382. The emitter of Q1382 is controlled by the output 
of the mm Below NAND gate and mm Above NAND gate 
(to be described later). The output of the inhibitor controls 

the Offset from 100% relay K1382. In order for K1382 to 
be energized, the inhibitor emitter must be high. When 
K1382 is energized, the offset generator is referenced to the 
100% memory (A or B, whichever is selected). The inhibitor 

output is also applied to one input of the Offset from 0% 
NAND gate (R1386-R1385-Q1392). If relay K1318 (Sweep 
Ramp) and relay K1382 (Offset from 100%) are not ener- 
gized, the two lows applied to the Offset from 0% NAND 
gate activate the gate, energizing relay K1392. This causes 
the offset generator to be referenced to the 0% memory {A 
or B, whichever is selected). 

mm Below and mm Above 

The internal and external program inputs for mm Below 
{and mm Above) enter the comparator card at Pé pins 8 and 

9, respectively. Internal programming is selected by the TIME 
MEASUREMENT START POINT {or STOP POINT) switch. These 

two inputs form the mm Below OR gate which controls one 
input of the mm Below NAND gate (R1361-R1363-Q1364). The 
other input to this NAND gate is controlled by the % Be- 
tween NOR gate (Q1368). If both inputs to the mm Be- 
low NAND gate are low (mm Below activated, % Between 
inhibited}, the output of the NAND gate is high, energizing 
relay K1364, When K1364 is energized, the offset generator 
provides offset below the selected reference in mm incre- 
ments on the CRT display. The output of this NAND gate, 
when high, also inhibits one input of the mm Above NAND 

gate, (R1371-R1373-Q1374), preventing it from energizing re- 
lay K1374 {mm Above). If both inputs to the mm Above 
NAND gate are low (mm Below and % Between inhibited), 
the output of the NAND gate is high, energizing K1374 to 
provide offset above the selected reference in mm increments 
on the CRT display. 

% Between 

The program lines for % Between enter the Comparator 
card at Pé pins 6 and 5 respectively, for the internal and ex- 
ternal inputs. The front-panel TIME MEASUREMENT START 
POINT (or STOP POINT) switch selects this mode internally. 

These two inputs and transistor Q1368 form the % Between 
NOR gate which controls relay K1368 (% Between) and one 
input each of the mm Above and mm Below NAND gates, 
as mentioned before. When either of the two inputs to the 

% Between NOR gate is true (low), K1368 is energized and 

the comparison voltage to be applied to the differential 
comparator will be some selected percentage of the voltage 
between the 0% and 100% zones [A or B, as selected). The 

high output of the % Between NOR gate also inhibits both 
the mm Below and mm Above functions, which in turn inhibit 

the Offset from 100% and Offset from 0% functions. 

Circuit Description—Type 230 

Program Logic 

The following table shows the program inputs required to 
be true to energize any particular relay of the function logic: 

Program Lines Low to 
Energize Relay (Lines 

Relay Function not mentioned are high) 

K1356 | A Signal None 

K1342 | B Signal 11 or M 

K1324 | Voltmeter Ramp 2 

K1318 | Sweep Ramp 3 or 4 

K1336 | A Memories None 

K1314 | B Memories 11 or M 

K1368 | % Between 5 or 6 

K1364 | mm Below 8 or 9 

K1374 | mm Above None 

K1392 | Offset From 0% None 

K1382 | Offset From 100% 12 or N 

Notice that when no inputs are programmed low, the func- 
tion logic will select A Signal and Offset mm Above the 0% 
zone. 

Offset Generator 

The offset generator, which consists of two operational 

amplifiers, provides voltage offset (% or mm) from the 
selected reference level for comparison with the selected sig- 
nal. The reference (ground or one of the memory levels) is 
applied to two or more inputs of the operational amplifiers, 
depending on the measurement mode (see Fig. 4-13 and 4-15 
through 17}. The offset gain logic (Fig. 4-14) programs the 
feedback resistance of the second operational amplifier to 
set the amount of offset from the reference. 

Percent Between Zones 

General. The first operational amplifier of the offset gen- 
erator consists of Q1421B, Q1421A, Q1424, Q1422, and 

Q1428. When the Type 230 is set for one of the % Between 
Zones modes, K1392 and K1368A and B are closed, connect- 

ing the 0% memory level {either A or B, as selected to the + 

input of both operational amplifiers (bases of Q]1421A and 
Q1461B}, and the 100% memory level of the same channel to 

the — input of the first amplifier. In this mode, the input resis- 
tance (Rj) to amplifier 1 is R1431 and the feedback resistance 
(R;) from the amplifier output to the — input is composed 
of R1433, R1434 and R1435. The gain of this amplifier is ad- 
justed with R1435 (to about 1.24) so that at the input 5- 
volt (maximum) difference between memory levels will be 
amplified to match the approximate 6.2-volt zener diode 
reference voltage used in the offset mm modes. Transistor 
Q1423 provides constant current for the amplifier. The volt- 
age level at the collector of Q1421A is proportional to the 
difference between the 0% memory level at the base of 
Q1421A and the 100% memory level applied to the base of 
Q1421B. Emitter follower Q1422 connects this voltage to out- 
put transistor Q1428, which amplifies the voltage and in- 
verts it. 

Offset Gain Logic. The output of the first operational 
amplifier is applied through input resistors R1455, R1456, and 
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Fig. 4-13. Offset generator operation: time measurement mode, percent between zones. 

R1457 to the -- input of the second operational amplifier since the front-panel switches can only total up to 99. When 

(Q1461B, Q1461A, Q1462, Q1464 and Q1472). The feedback 
resistance (R1481 through R1489} is selected by a 2-decade 

digital-to-analog converter (Q1513 through Q1583} operated 
by the front-panel TIME MEASUREMENT START POINT (or 
STOP POINT) switches or by remote program. The amount of 
feedback resistance connected back to the — input of the sec- 
ond operational amplifier determines the amount of offset 
from the reference level to be applied to differential com- 
parator M1472. The D-A converter consists of a series of OR 
gates, inverters and inhibitors and the selectable feedback 
resistors that are enabled or inhibited by relays K1513 
through K1583 (see Fig. 4-14}. A combination of 1-2-4-2' and 
1-2-4-8 logic is used by the converter to provide 2 decades 
of feedback resistance in 50-ohm increments from zero to 
4.95 kQ for front-panel operation or up to 7.65 kQ for exter- 
nally programmed operation. When all of the input pro- 
gram lines to the OR gates are high, all of the relays in the 

D-A converter are actuated and the programmed feedback 
resistance is zero ohms, providing a gain of zero for the sec- 
ond operational amplifier, and thus zero offset from the 
selected reference. 

The first decade of the feedback resistors (R1481 through 
R1485} provide offset selection from zero to 9 increments. 
These increments represent percentage of the voltage between 
memory levels in the % Between mode. Diodes D1530 and 

D1540 are part of the 1-2-4-2' logic configuration of the first 
decade. When P6 pin 21 or Y is low, OR gates D1530 and 
D1540 cause relays K1523 and K1533 to be inhibited, in ad- 

dition to K1543 which is inhibited directly by the input OR 

gate. This operation selects resistors RI1482 through R1485 to 
provide increment 8. 

The second decade (R1486 through R1489} provides incre- 

ments of 10, 20, 30, .., 150. Since both decades can be 

programmed together, 160 increments of offset, from zero 
through 159 (% or mm), may be selected. However, this total 

amount is available only through external programming, 
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SW1585 is set to the CALIBRATE position, inhibitors Q1563 
and Q1583 cause relays K1563 and K1583 to be inhibited, 
selecting the 1 kQ and 4 kQ values of feedback resistance for 
an overall gain of one for the two operational amplifiers. 
The input resistance adjustment (R1455, 5 V GAIN) of the sec- 

ond amplifier is normally adjusted when SW1585 is set to 
CALIBRATE position so that its output is offset 5 volts from 
the reference input. 

Volts (A or B) Mode 

When either the A or B VOLTS measurement mode is 
selected (see Fig. 4-15}, the operation of the Start and Stop 
Comparators is similar to that used in the % Between Zones 
mode just described. The main logic difference between 
these two modes is selection of the VOLTMETER RAMP 
by K1324 as the comparison signal and programming is sec- 
ond operational amplifier feedback resistance to be a 
fixed value of zero ohms. Normally this sets the start com- 
parator for zero mm offset above the 0% memory and the 

stop comparator for zero mm offset above the 100% 
memory. 

When the instrument is ready to measure, the VOLTMETER 
RAMP starts rising at a rate determined by the vertical plug- 
in unit. When the ramp reaches the 0% memory level of the 

offset generator on the Start Comparator card, the compara- 
tor fires, starting the operation of the clock. When the VOLT- 
METER RAMP reaches the 100% memory level of the offset 

generator on the Stop Comparator card, that comparator 
fires, stopping the clock. The number of clock pulses passed 
during the excursion of the VOLTMETER RAMP is proportion- 
al to the voltage between the two memory levels and is 
read out as voltage by the Type 230. If the 0% memory 
level is set to be more positive than the 100% level, the volt- 

age readout is negative {—). 
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mm Above or Below 

When the Type 230 is set for a Time Measurement mode 
using mm Above or Below the 0% or 100% zone, the feed- 

back element to the —side of the first operational amplifier 
is zener diode D1445. Transistors Q1442 and Q1449 provide 
constant current for the zener diode. 

Either the 0% memory level or the 100% memory level of 

the selected signal is used for the reference at the + input to 
both amplifiers. Offset is provided by D1445, either above 
or below the reference level as selected by relays K1364 

(mm Below) or K1374 (mm Above}. The selected feedback of 

the second operational amplifier then sets the offset in mm 
of the CRT display, with 1 mm change being produced by a 
resistance change of 50 ohms. Only mm Above 0% and mm 

Below 100% are selectable from the front panel of the Type 
230, but mm Below 0% and mm Above 100% may be ob- 

tained by means of external programming. The operation 
of the start and stop comparators in these four modes is 
shown in Fig. 4-16. 

When the instrument is ready to make a measurement, the 
signal excursion through the comparison level (mm from one 
of the memories) on the start comparator starts the opera- 

tion of the clock circuit and the signal excursion through the 
comparison level on the stop comparator stops the clock. The 
number of output pulses made by the clock during this inter- 
val is proportional to the time the signal takes to move be- 
tween the two levels, and is presented as time on the front- 
panel readout. 

Horiz mm From Sweep Start 

Selecting the HORIZ mm FROM SWEEP START mode of the 
Type 230 actuates relays K1318 and K1374 on the Start and 
Stop Comparator cards. Relay K1318 selects the 5V RAMP as 
the comparison signal and connects ground as the reference 
level to the offset generator. Relay K1374 provides +. offset 
from ground, by means of D1445, to be compared to the 
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positive-going 5V RAMP (see Fig. 4-17). The programmed 
feedback resistance of the offset generator is proportional 
to mm of horizontal displacement from the left edge of the 
CRT display. When the 5V RAMP voltage runs up to the com- 
parison voltage set by the start comparator {time measure- 
ment start point), the differential comparator starts the oper- 
ation of the clock circuit. When the 5V RAMP reaches the 
comparison voltage of the stop comparator (time measure- 
ment stop point), that differential comparator stops the clock. 
The number of pulses produced while the clock is running is 
proportional to the elapsed sweep time and is presented as 
time on the front-panel readout. 

SYNCHRONIZER CIRCUIT CARD (Model 1, 2) 

The Synchronizer circuit card controls the sequence of 
events in the measurement cycle. Gates and flipflops on the 
card monitor the operations of the various elements in the 
program, and as each step is completed, the fact is detected 

by a gate or flipflop, which then initiates the next step. The 
Synchronizer circuit card also generates the internal trigger 
(DELAY) which starts the measurement program if the Type 

230 is operating in the self-triggered mode. The following 
logic description of the Synchronizer circuit card explains 
when and how the various control signals are generated. 

Delay Pulse 

The source of the DELAY pulse is the delay generator cir- 
cuit on the Synchronizer circuit card (see Fig. 4-18). While the 
repetition rate of the DELAY pulse can be varied from the 
front panel (by DISPLAY TIME control R505}, the width can be 
varied by internal adjustment R1780 only. Once a DELAY 
pulse is generated, the measurement cycle must be completed 
and all the logic gates satisfied before a second pulse can 
be generated. 

In operation, the delay generator {transistors Q1774, Q1777, 
Q1785, and Q1787 and associated circuitry) can be inhibited 
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from two sources. The first source, LOCKOUT, (pin 6 of 

NAND gate M1770 through resistor R1768) ensures that a trig- 
ger pulse cannot be generated while a measurement cycle is 
in process. The second source {pin 6 of bistable M1724 
through TRIGGERED MEASUREMENT switch SW502 and resis- 
tor R1769, see circuit diagram) permits the timing of the Type 

230 to be controlled by external programming equipment. A 
positive voltage through either R1768 or R1769 biases Q1785 
into conduction and locks the delay generator in its low 
state. 

For purposes of explanation, assume that SW502 is ON 

and that positive trigger pulses from an external source are 

applied to pin Y. Assume also that a measurement cycle has 
been completed and that the output on pin 6 of M1770 is 
low. 

The externally applied, positive-going trigger pulse is ap- 
plied to M1724 pin 3. Flipflop M1724 sets. The low on 
M1724 pin 6 turns off transistor Q1785, With Q1785 turned 
off, the voltage on the anode of diode D1785 rises and tran- 
sistor Q1777 is biased into conduction. The conduction of 
Q1777 turns on Q1774, which further increases the drive to 

Q1777. As a result of the foregoing regenerative action, 
switching is very rapid and a fast rising positive pulse is 
coupled out through resistor R1774. 

The positive pulse at the collector of Q1774 is also cou- 
pled out through resistor R1780 (DELAY) and R1781 to diode 
D1781. Diode D1781 conducts and connects the pulse to ca- 

pacitor C1787 and to the gate of FET Q1787. The time con- 
stant provided by R1780, R1781 and C1787 controls the width 

of the internally generated trigger pulse (DELAY). Since the 
other synchronizer circuits in the Type 230 are activated by 
the negative-going edge of the pulse on the collector of 

Q1774, the pulse width provides a delay between the appli- 
cation. of the externally applied trigger pulse and the start 
of a measurement cycle. This delay permits the reed switches 
and other external circuitry to switch and settle down before 
the measurement cycle commences. 
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As the voltage on the gate of Q1787 goes positive, Q1787 
starts drawing current through resistor R1787 and Q1787 
drain voltage starts decreasing. The decrease is coupled 
through resistor R1784 and R1783 to the base of Q1777, From 
one to 8 milliseconds after the start of the pulse (this time is 
adjustable by Delay Control R1780} Q1787 cuts off QU777. 
Cutting off Q1777 also cuts off Q1774 and the voltage on 
the collector of Q1774 drops, ending the pulse. When the 
pulse ends, D1781 becomes back biased, and the only way 
C1787 can discharge and turn off Q1787 is through DISPLAY 
TIME control R505. As C1787 discharges, Q1787 decreases 
conduction. The voltage on Q1787 drain starts to rise, but 

meanwhile Q1785 has been biased back into conduction by 
M1770. The conduction of Q1785 prevents another pulse 

from being generated until the end of the measurement cycle 

as explained in the following paragraph. 

When DELAY goes positive, the positive pulse coupled out 

through R1774 is applied to clock reset flipflop M1762 pin 3. 
Since MEASURE is low at this time, M1762 sets and its output 

pin 7 goes high. The high on M1762 pin 7 is connected to 

M1770 pin 2. The high on M1770 pin 2 causes the output on 
M1770 pin 7 to go low. Now, as soon as DELAY ends and 

goes low, M1770 pin 3 and 5 both have low inputs and the 

output on pin 6 goes high. The high output on pin 6 biases 
Q1785 back into conduction and locks up the delay genera- 
tor until MEASURE sets M1762, then ends. 

At the start of the next MEASURE pulse, M1724 resets, caus- 

ing M1724 pin 6 to go high. This holds Q1785 on and locks 
out the delay generator until the next externally applied trig- 
ger is received. When Q1785 is conducting it holds off 
Q1777 and DELAY is held low. This does not inhibit the dis- 
play time function of C1787/R505; the time between DELAY 

pulses is determined by the external trigger rate. 

__Going back to the time when DELAY ended, the end of DE- 
LAY triggers the remaining part of the measurement cycle in- 
to operation. The first step is to discharge the memories and 
reset the counters. These actions are accomplished as ex- 

plained in the following paragraphs. 
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Fig. 4-18. DELAY generation (synchronizer models 1 and 2}. 

Memory Discharge Pulse 

The positive DELAY pulse generated by Q1774 and Q1777 
is coupled through R1774 to pin 3 of discharge flipflop 
M1804 (see Fig. 4-19). The pulse resets the flipflop and the 
output on M1804 pin 6 goes low. The low from pin 6 is ap- 
plied to pin 5 of NAND gate M1748B. The circuit waits until 
GATE goes positive at the start of a sweep (there is no fixed 
relationship between DELAY and GATE}. When GATE goes 
negative, both inputs to M1748B (pins 3 and 5} are low and 

the output on M1748B pin 6 goes high, reverse biasing tran- 
sistor Q1806. When Q1806 cuts off, its collector goes nega- 
tive, and the negative-going signal is coupled out through re- 
sistor R1808 to the Memory circuit card, discharging the 
memories. 

When GATE once again goes positive at the start of the 
sweep, the positive-going transition is coupled through capa- 
citor C1801 to M1804 pin 2, setting the flipflop and removing 
the enabling input to M1748B pin 5. Transistor Q1806 again 
conducts, ending the DISCHARGE pulse. Normally, no further 

DISCHARGE pulses can be generated until the delay circuit 
generates another positive pulse; but if the delay time is set 
longer than the time per sweep, it is possible to get more 
than one DISCHARGE pulse for one DELAY. 

Counter Reset and Reset Pulses 

The COUNTER RESET pulse is nothing more than the DIS- 
CHARGE pulse which is coupled out through resistor R1794. 
The COUNTER RESET pulse is generated from the COUNTER 
RESET pulse by inverter transistor Q1795, Both pulses can be 
inhibited by applying a low input to P9 pin 9. The COUNT- 
ER RESET INHIBIT line is provided in the event the operator 
wants to accumulate a count in the counter to perform a 
summing operation. 

Measure Pulse 

Average-Of-One-Mode,. At the start of the memory 
sweep, the memory DISCHARGE pulse has discharged the 
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Fig. 4-19. DISCHARGE, COUNTER RESET and COUNTER RESET pulses (synchronizer models 1 and 2). 

memories and the COUNTER RESET and COUNTER RESET 
pulses have reset the counters. As the sweep runs up, the 
memories are recharged. In the event the memories do not 
get properly charged on one sweep, more memory sweeps 
are made until the proper charge is obtained. The fact that 
the memories are charged is noted, and the Type 230 then 
makes a measurement sweep. The events that take place 
during the measurement sweep are largely controlled by the 
MEASURE and MEASURE pulses. 

At the start of the memory sweep, M1804 is reset and has 

a low output on pin 7 (see Fig. 4-20). Likewise, DELAY has 
gone low. The DELAY signal is applied to four-input NAND 
gate M1760 pin 2 and the low output of M1804 pin 7 is 
applied to M1760 pin 5. GATE signal on M1760 pin 1 
is low. It is now necessary to show that M1760 pin 3, the 
fourth_input, is also low. When the DELAY pulse occurs 
and MEASURE on M1762 pin 2 is low, the flipflop resets 
and the output on M1762 pin 7 goes high. The low output 

on M1762 pin 6 is coupled to M1760 pin 3. All four inputs 
to M1760 are thus low and the output on pins 6 and 7 is 
high. This output is applied to the junction of diode D1718 
and capacitor C1719. 

The cathode side of DI718 is connected to four-input 
NAND gate M1718. Until the memories are charged, the out- 
put of M1718 is low and through D1718, M1718 clamps the 
output of M1760 low. All four memories must be charged 
before M1718 can go high and release the clamp that is 
holding on the output of M1760 through D1718. 
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Assuming that the memories become charged on the first 
memory sweep, the output of M1718 goes high. However, 
since the measurement circuitry must not be activated during 
the memory sweep, and RC circuit consisting of resistor R1718 
and C1718 releases the clamp on M1760 slowly. The voltage 
must rise slowly to prevent capacitor C1719 from passing a 
trigger pulse to Measure flipflop M1720 at this time. How- 
ever, circuit conditions are now such that M1720 can be trig- 
gered on the next (measurement) sweep. 

At the end of the memory sweep, GATE goes positive and 

puts a high input on NAND gate M1760 pin 1. The output on 
M1760 pins 6 and 7 goes low, reverse biasing D1718 (the 
cathode side of D1718 is receiving a high signal from M1718 
since the memories are charged). When GATE goes low at 
the start of the measurement sweep, M1760 pin 1 goes low 
again and the output on pins 6 and 7 goes high. Since 
D1718 is reverse biased, the output rise of M1760 is not 
slowed down by C1718, and a differentiated spike is coupled 
through C1719 to M1720 pin 6. Since pin 6 is the present 
input, M1720 resets with the outputs on M1720 pin 5 going 
high and pin 7 going low. The outputs of M1720 are inverted 
in M1722, making the MEASURE line to P9 pin 2 low and 
the MEASURE line to clock reset flipflop M1762 pin 2 high. 

When the measurement sweep is completed, the Clock cir- 
cuit card generates an END pulse which is applied to P9 pin 
4 on the Synchronizer circuit card. The positive-going END 
signal is applied to the base of transistor Q1741 and biases 
QI1741 into conduction. The resulting low output of QI741 is 
applied fo NAND gate M1746 pin 2. Assuming that the Type
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230 is operating in the average-of-one mode, the output to 

M1746A pin 1 is low also. The two lows on M1746 pins 1 
and 2 result in a high output on M1746A pin 7. This high is 
inverted in M1748A, and the low output from M1748A is ap- 
plied to pin 2 of measure flipflop M1720. The application 
of a negative-going signal to M1720 pin 2 sets the measure 
flipflop and thereby ends the positive MEASURE signal. 

Average-Of-Eight Mode. The MEASUREMENT AVER- 
AGE switch on the Type 230 front panel provides a means of 

averaging variations in signal measurements. With the MEAS- 
UREMENT AVERAGE switch set to 8, the gated clock pulses 

are divided by eight on the Clock circuit card and MEASURE 
stays high until the divide-by-eight counter (M1740, M1742, 
and M1744) on the Synchronizer circuit card has counted 
eight END pulses. After eight END pulses have been counted, 
M1720 is set and ends MEASURE. 

In the average-of-eight mode, a low level is applied to 
either pin 7 or 8 of P9. The low signal shuts off transistor 
Q1737 and the output at Q1737 collector goes high. The 
high output of Q1737 is applied to NAND gate M174é6A pin 
1 and keeps the output on M1746A pin 7 low. The positive 
MEASURE signal presets the counter to zero and the output 
line from M1744 pin 7 to M1746B pin 5 is low. With low in- 
puts on both pins 3 and 5 of M1746B (remember, P9 pin 7 
or 8 is low), the output of NAND gate M1746B pin 6 goes 

high. The high output from M1746B pin 6 is inverted in 

M1748A_ and appears as low on M1748A pin7. Since M1720 

has pin 1 tied to a positive voltage through resistor R1720, 
the negative-going output of M1748A cannot toggle M1720. 

GATE occurs and starts the measurement sweep. Since the 
memories are presumably charged from the memory sweep, 
the end of GATE causes the output of M1760 to go high 
and_set_measure flipflop M1720 as described before. 
MEASURE now goes high and remains so until eight END 
pulses have been counted by the counter. 

As the END pulses arrive, they advance the counter until 

the count reaches 1-1-1 (decimal 7}. At this point, the output 
on M1744 pin 7 goes high, the output of M1746B pin 6 goes 
low, and the output of M1748A goes high. Now, when the 
count advances to 0-0-0 on the next END pulse, M1744 pin 
7 goes low, Mi746 pin 6 goes high, and M1748A pin 7 goes 
low. The negative-going output of M1748A clocks measure 
flipflop M1720 and it resets to high, ending the MEASURE 
pulse as previously explained. 

Ending the positive MEASURE signal applies a low input 
to M1762 pin 2, but the clock reset flipflop remains set. The 
low output from M1762 pin 7 is applied to M1756B pin 5, 

and since M1756B pin 3 is also low, the output on pin 6 is 

high. The high output on M1756B keeps Q1766 cut off and 
the CLOCK RESET remains low until either a DELAY pulse is 
generated or a GATE pulse is applied to P9 pin 14. 

Clock Reset Pulse 

__As described in the preceding paragraphs, when MEAS- 
URE goes high, M1762 pin 2 receives the high input and the 
flipflop sets. Pin 7 goes low and pin 6 goes high. The low 
output from pin 7 is applied to NOR gate M1756B (see Fig. 
4-21) whose output now goes high. The high output of 
M1756B turns off transistor Q1766. Turning off Q1766 per- 
mits the CLOCK RESET signal on P9 pin F to go low. The 
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low output on P9 pin F is applied to the Clock circuit card, 
where it releases the clock gating circuits. The CLOCK RESET 
signal does not go high again until either a DELAY pulse is 
received by M1762 pin 3 or the GATE input at M1756B pin 3 
goes positive. 

Register Set Pulse 

Now that the measurement has been made, it is necessary 

to transfer the count in the counters to the registers where it 
is held until the end of the next measurement sweep. The 
control signal which permits the registers to accept informa- 
tion contained in the counters is the REGISTER SET pulse. 

The REGISTER SET pulse is derived through inverting the 
high REGISTER SET pulse, the inverting being done by invert- 
er line-driver M1768. The REGISTER SET pulse is generated 
at the instant MEASURE goes negative at the end of the 
measurement sweep. The negative-going edge of MEASURE 
ts applied through capacitor C1758 to M1758 pin 1 in the 
register set single-shot (see Fig. 4-22), 

The register set single-shot (M1758 and MI1756A) is a 
monostable circuit. With no pulse inputs, M1758 resets with 
the output on pin 7 low and the output on pin 6 high. The 
high output on pin 6 is applied to MI756A pin 1, causing a 
low output on M1756A pin 7. The low output on M1756A 
is applied back to M1758 pin 2. This is the stable state of 
the register set single-shot. 

When MEASURE goes negative at the end of the measure- 
ment sweep, the negative-going edge of the pulse is coupled 
through C1758 to M1758 pin 1. Since M1758 pin 2 is receiv- 
ing a low from M1756A pin 7, the conditions are now such 
that M1758 switches and pin 7 goes high. The high output 
on pin 7 is coupled back to M1758 pin 5, and the output on 
pin 6 goes low. The low output on M1758 pin 6 is applied 
to M1756A, causing M1756A pin 7 to go high and deliver a 
positive pulse to the REGISTER SET line. The high output is 
also applied through resistor R1757 to M1758 pin 2 and to 
capacitor C1757. The time constant of R1757 and C1757 
keeps M1758 from returning to quiescence for about 10 mi- 
croseconds, but at the end of that time the voltage on 
M1758 pin 2 has risen to the point where M1758 switches 
back to its stable state with pin 7 going low and pin 6 go- 
ing high. When M1758 switches back to its stable state, the 
high output on pin 6 is coupled back to M1756A pin 2 and 
ends the REGISTER SET pulse. As REGISTER SET goes low, 
the signal is inverted by inverter line-driver M1768 and the 
REGISTER SET pulse goes high. 

NOTE 

When MEASURE goes low the output at M1762 
pin 7 is low and both pins 1 and 2 of M1770A 
are low. The output on M1770A pin 7 goes high 

and makes the output on M1770B pin 6 low. The 

low signal at this point turns off Q1785 (assuming 

the TRIGGERED MEASUREMENT switch SW502 is 
OFF) and permits a new DELAY pulse to be gen- 
erated at the end of the display time. This hap- 
pens at the same moment that REGISTER SET pulse 
goes high. Since the DELAY pulse is one millisecond 
or more long and REGISTER SET is about 10 micro- 

seconds, the count is set into the counters long be- 
fore DELAY enables the new measurement cycle. 

—,
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Fig. 4-21. CLOCK RESET pulse generation (synchronizer models 1 and 2). 

If for some reason the external readout equipment (such 
as a printer) is unable to keep up with the Type 230, the 
readout equipment can direct the Type 230 to hold the 

count in the registers until the printer or other device has fin- 
ished. The hold signal is connected to the EXT HOLD line on 
P9 pin M. A low on P9 pin M biases transistor Q1752 into 
conduction. The conduction of Q1752 applies a high to 
M1756A pin 2 and holds the REGISTER SET output on 
MI1756A pin 7 low. Holding pin 7 low keeps the registers 
from accepting a new count and prevents the PRINT COM- 
MAND from being generated. However, the rest of the meas- 
urement cycle is not interrupted, and the Type 230 contin- 
ves to make measurements while waiting for the readout 
equipment to catch up. 

Print Command Pulse 

Assuming that the external readout equipment (printer, 
etc.) has not signaled via EXT HOLD line P9 pin M, the Syn- 
chronizer circuit card now generates the PRINT COMMAND 
PULSE. The conditions necessary for the generation of this 
pulse are as explained in the following paragraphs. 

Print command single-shot M1728 is monostable. Pin 1 of 
M1728 is connected to +3.8 volts and with no signal inputs, 
the single-shot stays quiescent with a low output on pin 7. 
The low on pin 7 is applied back to pin 5, and since pin 3 
is connected to ground through resistor R1726, pin 3 is also 
low. The two lows on the reset side of the flipflop cause a 
high output on pin 6, which biases transistor Q1729 into 
conduction and the output on P9 pin 21 is normally low. 

When REGISTER SET goes positive for 10 us as previously 
explained, the positive-going pulse is coupled through ca- 

pacitor C1726 to M1728 pin 3. The differentiated positive 
spike causes the output on M1728 pin 6 to go low. The 
edge of the negative-going output on pin 6 is coupled 
through capacitor C1727 to M1728 pin 1 (causing pin 7 to 
go high) and through resistor R1728 to the base of transistor 
Q1729 biasing it into cutoff. With Q1729 cut off, PRINT 
COMMAND goes positive. The positive PRINT COM- 
MAND is a signal that the count is being changed in 
the registers and is actually an inhibit signal provided to 
lock out the printer (or other readout device) while the count 
is being changed. After an RC time determined by C1727 
and resistor R1727, M1728 pin 1 again goes high, pin 7 goes 
low, and pin 6 goes high {pin 3 has already gone low since 
the time constant of C1726 and R1726 is less than 22150 js 

time constant of C1727 and R1727). When pin 6 goes high, 
Q1729 starts to conduct and PRINT COMMAND goes nega- 
tive, freeing the readout device for operation. The count in 

the registers can be used any time except when PRINT COM- 
MAND is positive. 

Chopper Drive Signals 

In measurement systems where the signal inputs to the ver- 
tical plug-in unit include signal choppers, some means must 
be included to switch the choppers from signal to reference 
and back again at the right times. The choppers switch the 
vertical inputs to ground (or other reference) at the end of 
the GATE pulse (see Fig. 4-23}, then switch the inputs back to 
the signal at the end of the first zone (A 0%, BO%, A 100%, 

B 100%). Generally the zones will be set so that one of the 

0% zones occurs first, but it makes no difference to the Type 

230; it will always notify the choppers to switch back to the 

signal at the end of the first zone. 
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Fig. 4-22. REGISTER SET and PRINT COMMAND pulse generation (synchronizer models 1 and 2). 

In operation, the GATE signal from the buffer (which is 
started by the Type 568 + GATE and ends at the end of 

MEASURE or when the VOLTMETER RAMP reaches 15 volts} 
is applied to flipflop M1812 pin 2. When GATE goes posi- 
tive between sweeps, M1812 sets and pin 6 goes high. If 
transistors Q1817 and Q1827 are held off by programming 
inputs on P9 pins 3 and CC, the high on M1812 pin 6 biases 
transistors Q1815 and Q1825 into conduction. When Q1815 
and Q1817 conduct, the CHOPPER DRIVE signals go low, 
switching the choppers. 

When the first zone occurs, the ZONE bus (P9 pin L) goes 
high. The ZONE pulse is applied to M1810 pin 1, which then 
causes M1810 pin 7 to go low. At the end of the ZONE 
pulse (the bus has a positive pulse corresponding to each 
of the four zones} the output on M1810 pin 7 goes high. The 
positive-going output of M1810 pin 7 is differentiated by 
capacitor C1811 and is applied as a spike to M1812 pin 
3. The positive spike resets the flipflop and pin 6 goes low. 
The flipflop remains reset until the GATE pulse again sets it. 

Transistors Q1817 and Q1827 in the chopper drive circuit 
provide a means of externally programming the operation 
of the choppers. Control signals in the form of ground clo- 
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sures or a saturated transistor can be applied to P9 pins 3 

and CC to enable “A” or “B’ CHOPPER DRIVE signals as 
desired. 

Sweep Speed-Up Signal 

When using the Type 230 in a system that employs equiva- 
lent-time sampling techniques, the time between measure- 
ment can be shortexed by speeding up those portions of the 
sweep that occur outside the zones of interest. The 0% mem- 
ories charge during the 0% zones, the 100% memories dur- 
ing the 100% zones. The rest of the memory sweep is neces- 
sary only for proper smoothing. During the measurement 
sweep the time before the measurement starts and the time 
affer the measurement is finished is unused. While the un- 
used portions of the sweep cannot be completely elimina- 
fed, they can be speeded up. 

The sweep is speeded up by applying a logical low to 
the sampling time base unit through P9 pin P (see Fig. 4-24). 
In normal operation, P? pin N is open and transistor Q1744 
is cut off, making the output on P9 pin P negative. When P9 
pin N (HIGH SPEED PROGRAM) is grounded, Q1844 will 
conduct and ground P9 pin P any time the output of M1823B 
goes high.
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Fig. 4-23. CHOPPER DRIVE signal generation (synchronizer models 1 and 2). 

During the memory sweep, ZONE on pin L of P9 goes posi- 
tive each time a zone occurs. The high signal is applied to 
M1810A pin 1 and causes a low output of M1810A pin 7. 

Since the input on M1810B pin 5 is low during the memory 
sweep, coupling the low on M1810A pin 7 to M1810B pin 3 
causes the output on M1810B pin 6 to go high. The high out- 
put of M1810B pin 6 is applied to M1832B pin 3 and the 
output on M1832B pin 6 goes low, turning off Q1844. The 
output on P9 pin P goes negative and the sweep returns to 

100 dots per division during the zones. When the sweep is 
outside the memory zones, the high ZONE pulses are absent 
and M1810A delivers a high on pin 7. The high output from 
Mi810A pin 7 is coupled around to M1810B pin 3 and causes 
a low output on M1810B pin 6. Since MEASURE is low during 
the memory sweep, both pins 3 and 5 of M1832B are now re- 
ceiving a low and the output on M1832B goes high, turning on 
Q1844. The conduction of Q1844 grounds P9 pin P and the 
time-base unit switches to a 10-dots-per-division sweep. During 
the measurement sweep, M1832B delivers a low output and 
cuts off Q1844 when MEASURE goes high. When the END 
pulse from the Clock circuit card terminates the high MEA- 
SURE signal, the two lows on pins 3 and 5 of M1832B cause 
a high output on M1832B pin 6. Transistor Q1844 now con- 
ducts, grounds P9 pin P, and thereby speeds up the sweep. 

Single Sweep Signal 

The sweep from the time-base unit (Type 3T4 for example} 

is not normally synchronized with the DELAY pulse of the 
Type 230. This results in considerable lost time if DELAY 
occurs just after the time-base unit has started a sweep. 
Since the Type 230 actually starts the measurement cycle on 
the first GATE pulse which occurs after a DELAY pulse and 
since the GATE pulse is derived from the time base unit’s + 
GATE, the time between DELAY and the generation of GATE 
can sometimes become intolerably long. The Tektronix Type 

3T4 Programmable Sampling Sweep Unit has a program- 
ming input called SINGLE SWEEP which can be_used 
for synchronizing the sweep of the Type 374 with the DELAY 
pulse, thus eliminating most of the instances where one piece 
of equipment must wait for the other to finish an operation. 

Grounding P9 pin N (HIGH SPEED PROGRAM) on the Syn- 
chronizer circuit card not only activates the sweep speed-up 
circuit but makes synchronizing pulses available on P9 pin H 
also. With P9 pin N grounded, M1832A pin 2 is held low. 
Now, each time MEASURE goes low, the output on M1832A 

pin 7 goes high and a differentiated positive spike is cou- 
pled through capacitor C1833 to input pin 2 of flipflop 
M1836. The positive spike to M1836 pin 2 sets the flipflop 
and the output on pin 7 goes low. The flipflop remains set 
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Fig. 4-24. SWEEP SPEEDUP and SINGLE SWEEP signal generation 

until DELAY goes negative and resets the flipflop through 
M1770 and capacitor C1835, When M1836 is reset by the 
ending of MEASURE, the low output on M1836 pin 7 biases 
transistor Q1836 into conduction, effectively grounding P9 
pin H. With the ground (actually saturation resistance of 
Q1836} on P9 pin H, the sweep circuit in the Type 3T4 is 
locked up. When DELAY goes negative the flipflop resets 
and the output on M1836 pin 7 goes high. Transistor Q1836 
is now turned off and the Type 314 sweep circuit is unlock- 
ed. When the next triggering event occurs and starts the 
sweep in the Type 3T4, GATE ends and a memory sweep is 
made. After the memories are charged, a measurement sweep 
is made. Upon completion of the measurement, MEASURE 
goes low_and again locks the sweep on the Type 374 until 

the next DELAY pulse occurs. 

SYNCHRONIZER CIRCUIT CARD MODEL 3-UP 

The Synchronizer circuit card generates most of the con- 
trol signals which determine the sequence of events in the 
measurement cycle. The term ‘measurement’, as used in this 
discussion, is the time interval corresponding to the Type 230 
measurement zone, during which the Type 230 is counting 
clock pulses (proportional to time or voltage). ‘“Measure- 
ment” may also refer to the results obtained from the count. 
The term “measurement cycle’ is defined as the time interval 
from the end of the previous measurement (the end of the 
measurement zone in the previous measurement sweep) to 
the end of the readout of the present measurement. Due to 
the sequential nature of operations in the Type 230, there is 
some overlap between adjacent measurement cycles, be- 
cause each new measurement cycle is started before the pre- 
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(synchronizer models 1 and 2). 

vious measurement is read out. The term “display time” 
means the time interval during which the readout Nixies? on 

the Type 230 front panel are displaying the measurement 
reading. Since the previous measurement readout is held 
only until the new measurement is read into the registers, the 
duration of the display time is approximately equal to the 
interval between measurements, but lags one measurement 

behind. 

Each measurement cycle includes a memory-charging event, 
a measurement event, and the measurement readout. Usual- 

ly there is one memory-charging sweep and one measure- 
ment sweep in each measurement cycle, but there may be 
more than one of either type of sweep under certain 
conditions. 

The synchronizer resets the clock, discharges the memories 
and resets the counters, then monitors the state of the mem- 

ories while they are changed to match the levels of the in- 
coming signals. After the memories have reached full 
charge, the synchronizer starts the measurement and releases 
the clock reset. After the measurement count has been taken, 

the synchronizer sets the new count into the registers and ini- 
tiates readout. For high-speed programming, the synchroniz- 
er also controls the dot density and reset point of each 
sweep. 

Timing Diagram 

Fig. 4-25 shows the basic timing sequence of signals 
through the synchronizer when using minimum delay holdoff 
and a sampling sweep rate of 100 ns/division. The synchro- 
nizer is operated in free-running mode (non-triggered) for 
*Trademark Burroughs Corp. 
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these waveforms, and none of the input enable or inhibit 
lines (such as HIGH SPEED PROGRAM) are programmed. Ex- 

ceptions to this timing sequence are discussed wherever ap- 
propriate in the text. 

DELAY and LOCKOUT 

The DELAY pulse is an internal trigger signal that is gen- 
erated and used by the synchronizer_to activate the meas- 
urement circuitry. The source of the DELAY pulse is the de- 
lay generator shown in Fig. 4-26. After one DELAY pulse has 
been generated, the measurement must be completed and 
the delay generator must have completed its holdoff period 
before another DELAY pulse can be produced. 

In free-running (non-triggered) mode, DELAY starts auto- 

matically at the beginning of the measurement cycle if the 
delay generator holdoff period (set by the front-panel DIS- 
PLAY TIME control) is set to end before the end of the meas- 

urement, or at the end of the delay holdoff if it is set to 

end later than the end of the measurement. In this mode, 

the repetition rate of DELAY (and of the measurement cy- 
cles), can be varied by means of the DISPLAY TIME control. 

If the DISPLAY TIME control had been turned away from the 
fully counterclockwise position (higher resistance of R505} 
for the waveforms in Fig. 4-25, the start of the DELAY pulse 
would have occurred some time after the beginning of the 
measurement cycle (at the end of the previous measurement). 

In triggered measurement mode, DELAY starts at the arriv- 
al of the first external trigger after the start of a measure- 
ment cycle {if the delay holdoff has ended). Therefore, the 
repetition rate of DELAY in this mode is controlled by the 
external triggering signal. However, if the trigger occurs af- 
ter the start of the previous measurement but before the end 
of the delay holdoff, DELAY occurs automatically at the end 
of the measurement or the end of the delay holdoff (which- 
ever is later) and is not actually triggered. The external con- 
trol equipment usually provides a trigger following the 
desired delay holdoff, thus avoiding this non-triggered 
operation. 

The delay generator is inhibited by either or both of two 
signals, the output from external trigger flipflop M1724 
(through the TRIGGERED MEASUREMENT switch}, or the out- 

put from lockout flipflop M1764. The inhibit signal from pin 
6 of M1724 permits the start of the measurement to be con- 
trolled by an external triggering signal; the inhibit from pin 7 
of M1764 (LOCKOUT) prevents the delay generator from 
producing more than one DELAY pulse for each measure- 
ment cycle. A high level from either source to the base of 
Q1785 holds the transistor in saturation and locks DELAY at 
its low level. 

To understand the operation of the circuit, assume that a 
measurement has just been completed. Under the conditions 
given for Fig. 4-25, the lockout flipflop has just been preset 
by INTERNAL PRINT COMMAND, causing pin 7 (LOCKOUT} 
of M1764 to go low. Since the inhibit input to Q1785 from 
the external trigger flipflop (through the TRIGGERED MEAS- 
UREMENT switch) is open, the negative-going transition of 
LOCKOUT turns off Q1785, releasing D1784 and allowing 
the voltage at the base of Q1777 to go positive (assuming 
that the delay holdoff has ended). This turns on Q1777 
which also turns on Q1774, and the regenerative action 

through R1778 causes a fast-rising pulse at the collector of 
Q1774. This is the start of the DELAY pulse. 
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To make sure that all of the synchronizer circuits function 
properly following instrument turn-on or momentary power 
failure, the +50-volt and +12-volt power supplies are con- 
nected to initiate one measurement cycle at turn-on. As 

power is applied, the +12-volt supply presets M1764 
through R1761 and C1761. At the same time, the +50-volt 

supply presets M1724 through C1701, R1701 and D1702, and 
pulls up on the base of Q1785 through D1703, momentarily 
turning on Q1785._ When C1701 becomes charged, Q1785 
turns off (because LOCKOUT is also low), initiating a DELAY 
pulse. One measurement must then be completed before 
the instrument is ready to start into a normal measurement 
operation. 

The positive-going transition of DELAY at the collector of 
Q1774 is coupled through R1780 (DELAY), R1781 and D178] 
to the gate of FET Q1787. As the gate voltage moves posi- 
tive, turn-on of the transistor is slow due to negative feed- 
back through C1787 and the time constant of C1787, R178] 

and R1780. in about 1 ms to 8 ms (depending on the setting 
of R1780), the drain voltage of Q1787 becomes negative 
enough to turn off Q1777. As Q1777 turns off, Q1774 also 
turns off, ending the DELAY<pulse. Since the gates that start 
a measurement are activated by the negative-going edge of 
DELAY, the width of the pulse provides a delay between the 

SEES of the trigger pulse and the start of the meas- 

/ 

urement. This delay, adjusted by the operator to suit the 
requirements of the system, permits reed switches and other 
circuitry to operate and settle down before the measurement 
begins. 

The negative-going transition at the end of DELAY clocks 
M1764, causing pin 7 (LOCKOUT) to go high. The high level 
of LOCKOUT turns on Q1785, preventing the generation of 
another DELAY pulse until M1764 has again been preset 
by INTERNAL PRINT COMMAND at the end of the measure- 

ment. 

At the end of the DELAY pulse, D1781 becomes reverse 

biased, so the only way that C1787 can discharge and al- 
low Q1787 to turn off is through D1788 and DISPLAY TIME 
control R505, This permits the setting of R505 to determine 
the duration of the delay generator holdoff and thus con- 
trol the interval between DELAY pulses. The rate of rise at 
the drain of Q1787 is slowed, as C1787 discharges and 

Q1787 turns off, due to the negative feedback through 
C1787 and the long time constant of C1787-R505. The delay 
holdoff period ends when Q1787 turns off, enabling the de- 

lay generator to be able to generate another DELAY pulse 
following the release of LOCKOUT at the completion of the 
measurement. 

If the synchronizer had been operated in triggered mode, 
instead of free-running mode as assumed in the foregoing 
description, operation of the external trigger circuit and de- 
lay generator would be as follows: 

In triggered mode, TRIGGERED MEASUREMENT switch 
SW502 is set to the ON position, connecting the output of 
external trigger flipflop M1724 to the base of Q1785. Fol- 
lowing completion of a measurement, M1724 is in the reset 
condition (pin 6 high, pin 7 low), having been reset by the 
positive-going edge of MEASURE at the beginning of the 
measurement sweep. Since M1764 was preset by the end of 
the previous measurement, LOCKOUT is low, but Q1785 is 

held in conduction by the high output from M1724 pin 6. 

An external minus trigger applied from the control equip- 
ment through rear-panel connector J204 to pin W of P9 is 
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inverted by Q1732, differentiated, and applied to pin 3 of 
M1724. (Alternatively, an external plus trigger applied to 

pin Y would be differentiated and applied directly to pin 3 
of M1724.) The positive-going spike at M1724 pin 3 causes 

pin 6 to move low, turning off Q1785 to start the DELAY 

pulse. The remainder of the delay circuitry operates the 
same whether in triggered or free-running mode. 

CLOCK RESET 
Clock reset flipflop M1762 is set by DELAY at the start of 

the DELAY pulse (see Fig. 4-27), giving a high at M1762A pin 
7. The high from M1762 causes the output of M1756B 
(CLOCK RESET) to move low and the output of inverter 

Q1766 (CLOCK RESET) to go high. The high level of CLOCK 
RESET resets the clock circuit and holds it in the reset condi- 

tion until time to make the measurement. 

At the start of the measurement sweep, the positive level 

of MEASURE resets M1762, causing M1756B pin 5 to go low. 
Since GATE is also low during the sweep, the output of 

M1756B moves high. CLOCK RESET at the output of Q1766 
then goes low, releasing the clock circuit to make the mea- 
surement. 

After the measurement has been completed, CLOCK RESET 

is restored to its high level either by DELAY or GATE (which- 
ever comes first}, resetting the clock in preparation for the 
next measurement. 

DISCHARGE and COUNTER RESET 
At the start of the DELAY pulse, discharge flipflop M1804 

(see Fig. 4-28) was also placed in the set condition by the 
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positive level of DELAY. The low output at pin 6 of M1804 
enables pin 5 of M1748B, and the discharge circuit then 

awaits the arrival of GATE at the end of the measurement 

sweep. (There is usually_no fixed relationship between DE- 
LAY and GATE.) When GATE goes negative, the pin 3 input 
of M1748B goes low and the output on pin 6 goes high. The 
high from pin 6 is inverted by Q1806 and the DISCHARGE 
pulse is coupled out through P9 pin D to the Memory circuit 
cards to discharge the memories. 

When GATE then goes positive at the start of the mem- 
ory-charging sweep, the positive level at pin 3 of M1748B 
causes pin 6 to go low, and the inversion through Q1806 

ends the DISCHARGE pulse. The positive-going GATE transi- 
tion also resets M1804, through C1801, inhibiting the pin 5 
input of M1748B. DISCHARGE then remains high until the 
next measurement cycle. 

The COUNTER RESET pulse, coupled out through R1794 
and P9 pin A, is the same as the DISCHARGE pulse, except 
that COUNTER RESET can be inhibited by applying a low 
to the COUNTER RESET INHIBIT input (P9 pin 9) through 
rear-panel connector J202. This permits the operator to ac- 
cumulate a count in the counter to perform a summing op- 

eration. COUNTER RESET INHIBIT is inverted by Q1794, 
keeping COUNTER RESET high, even while DISCHARGE is 

low. COUNTER RESET, inverted from COUNTER RESET by 
Q1795, resets the + 8 counter and the + and — flipflops 
in the clock circuit at the start of the memory-charging sweep. 

MEASURE, MEASURE and READY 
During the memory-charging sweep, the low level of MEM- 

ORIES CHARGED through D1718 from M1718 (see Fig. 4-29) 
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inhibits the preset input (pin 6} of measure flipflop M1720 so 
that M1760 cannot preset M1720 until the memories are fully 
charged. As the fourth memory becomes charged during the 
last zone, the output at pins 6 and 7 of memories charged 
NAND gate M1718 goes positive, reverse biasing D1718 
and releasing the preset input of M1720. To prevent the 
positive-going transition of MEMORIES CHARGED from pre- 
setting M1720 during the memory-charging sweep, the transi- 
tion is slowed down by RC circuit R1718-C1718. 

Since M1762 is in the set condition and M1804 is in the re- 
set condition at the end of the memory-charging sweep, input 
pins 3 and 5 of M1760 are enabled by the low outputs from 
the flipflops. The pin 2 input of M1760 is also enabled by 
the low state of DELAY at this time, so the GATE input sig- 
nal at M1760 pin 1 controls the output level of M1760. 

GATE is low during the memory-charging sweep, holding 
the output of M1760 at the high level. When GATE goes 
high at the end of the sweep, the output of M1760 moves 
low but this has no effect on the subsequent circuitry. When 
GATE then moves low aft the start of the measurement 
sweep, the output of M1760 moves high momentarily, and 
since the preset input of measure flipflop M1720 is not in- 
hibited by MEMORIES CHARGED at this time, the positive- 
going transition from M1760 through C1719 presets M1720. 
As M1720 is preset, its 1 output (pin 7} goes low and its 0 
output (pin 5) goes high. These outputs are inverted by 
M1722A and B, providing the high state of MEASURE and 
the low state of MEASURE. The high MEASURE level, ap- 
plied back to pin 2. of M1762, resets M1762, causing pin 6 
to go high. This high, applied to pin 3 of M1760, causes the 
output of M1760 to drop back to the low level. Thus the du- 

RESET pulse generation (synchronizer model 3-up). 

ration of the positive output level of M1760, from the end 
of GATE to the reset of M1762 is very short and appears 
only as a spike on the waveform in Fig. 4-25. 

When the measurement zone is completed (during the 
measurement sweep}, the clock circuit generates an END 
pulse which is applied through P9 pin 4 to the base of 
Q1741 in the synchronizer circuit. The positive-going END 
signal is inverted by Q1741 and the low is applied to 
M1746A pin 1 (assuming that the Type 230 is operating in 

average-of-one mode). Since the pin 2 input of M1746A is 
also low, the output at pin 7 goes high. Pin 2 of M1748A is 
also low in average-of-one mode, so the high applied to 
M1748A pin 1 causes M1748A pin 7 to go low. The negative 
-going transition from M1748A clocks M1720, ending the 
MEASURE and MEASURE pulses. 

READY (see Synchronizer schematic). When MEASURE 
went high at the beginning of the measurement sweep, it 
caused clock reset flipflop M1762 to reset, and the low out- 
put from pin 7 of M1762 enables the pin 1 input of M1770A. 
Since MEASURE remains high until the end of the measure- 
ment, the second input to M1770A is inhibited during the 
measurement, causing M1770A pin 7 to be low, and the 

READY lamp circuit remains inactive. 

At the end of the measurement, when MEASURE goes low, 
the output of M1770A moves high, causing Q1771 to start to 
turn on the READY Jamp (indicating that the Type 230 has 
completed the measurement). However, under the free-run- 
ning conditions described previously, DELAY occurs imme- 
diately and sets M1762, causing M1762 pin 7 to go high. 
This high, applied to M1770A pin 1, causes M1770A pin 7 to 
return to the low level and end the READY signal. 
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In triggered mode, or when the measurement rate is slow- 
ed down with the DISPLAY TIME control, the READY lamp 

remains illuminated from the end of MEASURE until the time 

that DELAY occurs and sets M1762. 

Average-of-Eight Mode. The MEASUREMENT AVERAG- 
ING switch on the front panel of the Type 230, and a corre- 
sponding rear-panel program line, provide a means of 
averaging the readout of eight consecutive measurements 
(see Fig. 4-29). With the switch set to the 1 position {or the 

program line open), operation of the MEASURE pulse circuit 
is as previously described. In average-of-one mode, even 
though +8 counter M1740, M1742 and M1744 is clocked by 
each inverted END pulse, the counter is again preset by 
each MEASURE pulse, so that no change is ever seen at the 
counter output. With the switch set to the 8 position or EXT 
AVERAGE is programmed, the END pulses are divided by 
eight before MEASURE and MEASURE are generated, and 

eight measurements are made before the counter is preset. 
At the same time, the gated clock pulses are divided by 

eight in the clock circuit so that the measurement is divided 
by eight before being read out. 

A low level at P9 pin 7 or 8 is applied to the pin 3 input 
of M1746B and is also inverted by Q1I737 and applied as 
a high to the pin 2 input of M1746A. The high input to 
M1746B holds M1746B pin 7 low, inhibiting the passage of 
inverted END pulses through that gate. The low input to 
MI1746B pin 3, however, enables M1746B so that the invert- 
ed END pulses routed through the + 8 counter are used to 
clock the measure flipflop. 

The positive level of MEASURE that holds the divide-by- 
eight counter in the preset condition prior to the beginning 
of measurement sweep causes output pin 7 of M1744 to be 
initially at the low level. When measure flipflop M1720 is 
preset by GATE at the start of the measurement sweep, 
MEASURE goes low, releasing the +8 counter and which 
starts counting inverted END pulses. At the fourth count, pin 
7 of M1744 goes high, pin 6 of M1746B goes low and pin 7 
of M1748A goes high. Since M1720 requires a negative-go- 
ing edge for clocking, the positive-going transition from 
M1748A has no effect on M1720. When the count of END 
pulses reaches 8, the counter resets to 0 and pin 7 of 
M1744 goes low again. Pin 6 of M1746B then goes high 
and pin 7 of M1748A goes low, clocking the measure flip- 
flop and ending the MEASURE and MEASURE pulses. 

The remainder of the measurement cycle, after the end of 
MEASURE and MEASURE, is the same as for average-of-one 
mode. A single readout is provided for the averaged meas- 
urement. 

REGISTER SET and PRINT COMMAND 

After the measurement has been made, the count in the 

counters is transferred to the registers where it is held until 
the end of the next measurement. The control signal which 
commands the registers to accept the information contained 
in the counters is the REGISTER SET pulse. 

The register set single-shot circuit consists of flipflop M1758 
and NAND gate M1756A (see Fig. 4-30). The stable state of 
the single-shot is the reset state, in which M1758A pin 7 is 
low, M1758B pin 6 is high, and M1756A pin 7 (REGISTER 
SET) is low. The low at M1756A pin 7 is coupled back 
through R1757 to pin 2, enabling the flipflop. When MEA- 
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SURE goes low, the negative-going edge of the pulse is cou- 
pled through C1758 to M1758A pin 1, causing pin 7 to go 
high and M1758B pin 6 to go low. The low at pin 1 
of M1756A causes M1756A pin_7 to go high, starting the RE- 
GISTER SET pulse. REGISTER SET is inverted by M1768, pro- 
viding the low level of REGISTER SET which sets the count 
into the registers at the end of MEASURE. 

The high output at M1756A pin 7, connected back through 
R1757 to M1758A pin 2 and through C1757 to M1758B pin 6, 
resets M1758, returning the single-shot to its stable state. The 
time constant of R1757 and C1757 delays the reset of M1758 
for about 10 us after MEASURE goes high. M1758A pin 7 
then goes low, M1758B pin 6 goes high, and M1756A pin 7 
goes low, ending the REGISTER SET and REGISTER SET 
PULSES. 

NOTE 

Since the duration of DELAY is at least 1 ms and 

the duration of REGISTER SET is only about 10 us, 
the count is set into the registers long before the 

DELAY pulse can start the new measurement. 

The positive-going transition of REGISTER SET at the out- 
put of M1756A also triggers the print command single-shot 
circuit to start the PRINT COMMAND pulse, indicating that 
the count is being changed in the registers. (The count can 
be used any time that PRINT COMMAND is not high.) The 
PRINT COMMAND signal is used to inhibit the operation of 
a printer or other readout device while the count is being 
changed. 

With pin 1 of M1728A connected to +3.8 volts and pin 3 
of M1728B connected to ground, the stable state of the sin- 
gle-shot is the set condition, pin 7 being low and pin 6 be- 
ing high. The high output at M1728B pin 6 is inverted by 
Q1729, holding PRINT COMMAND at the low level. 

The positive-going edge of REGISTER SET is coupled 
through C1726 to M1728B pin 3, causing pin 6 to go low. 
This transition at pin 6, inverted by Q1729, is the start of the 
positive-going PRINT COMMAND pulse. INTERNAL PRINT 
COMMAND from M1728A pin 7 is connected to the preset 
input (pin 6) of lockout flipflop M1764, presetting the flip- 
flop to enable the start of another DELAY pulse as pre- 
viously described. 

The negative-going edge at M1728B pin 6 is also applied 
through C1727 to pin 1 of M1728A, causing pin 7 to move 
high, and placing the single-shot temporarily in the reset 
condition. 

After a delay of about 200 us, determined by C1727 and 
R1727, pin 1 of M1728A returns to the high level, causing pin 
7 to go low. Since the time constant of R1726 and C1726 is 
much less than that of R1727 and C1727, M1728B pin 3 is 
low at that time and M1728B pin 6 goes high, returning 
PRINT COMMAND to the low level. 

External Hold. If the external readout equipment (such 
as a printer} does not operate as fast as the Type 230, the 
readout equipment can command the Type 230 to hold the 
count in the registers until the printer is ready for it. 
The hold signal is applied from the readout device to the 
EXT HOLD line at pin M of the synchronizer (see Fig. 4-30) 
through rear-panel connector J204. A low on P9 pin M is in- 
verted by QI752 and applied as a high to M1756A pin 2. 
This inhibits REGISTER SET by holding M1756A pin 7 at 
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Fig. 4-30. REGISTER SET and PRINT COMMAND pulse generation (synchronizer model 3-up). 

the low level, thus keeping the registers from accepting 
a new count and preventing PRINT COMMAND from be- 
ing generated. 

By inhibiting the INTERNAL PRINT COMMAND to M1764, 
the EXT HOLD signal also inhibits the rest of the measure- 
ment circuitry by keeping LOCKOUT high. This permits the 
Type 230 to be ready to proceed to the next measurement 
as soon as the readout equipment completes its operation. 
When EXT HOLD is then released, pin 2 of M1756A goes 

low, and if the. register set single-shot has returned to its 
stable state, M1756A pin 7 goes high, starting REGISTER SET, 
REGISTER SET and PRINT COMMAND. The count in the reg- 
isters can then be read out as the system proceeds to the 

next measurement. 

High Speed Program 

When using the Type 230 in a system that employs a Type 
3T5 or 316 Sampling Sweep Unit, the time between measure- 

ments can be shortened considerably by speeding up those 
portions of the sweep that occur outside the zones of inter- 
est (in equivalent-time mode} and by resetting the sweep 

whenever its function has been accomplished. 
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NOTE 

The Type 3T4 Sampling Sweep Unit does not have 

the sweep reset feature, but the unit does speed 

up the sweep after the sweep function has been 

completed. 

Sweep speedup is achieved by running the sweep at a 
dot density of 100 dots/division during the zones of inter- 

est, then changing to 10 dots/division outside of those zones. 

Since the time per dot is the same in either case, the sweep 
runs 10 times as fast at 10 dots/division. 

On the memory-charging sweep, only the memory zones 
are of interest; therefore, the sweep can be speeded up be- 
fore the first zone and between zones, then reset after all 

four memories have been charged. During the measurement 
sweep, only the measurement zone is of interest, so the 
sweep can be reset as soon as the measurement is completed. 
Additional time 1s gained by holding off the sweep when- 
ever it is not needed, thus time is not lost waiting for an un- 
used sweep to be completed. 

In order to use the high-speed functions to full advantage, 
the delay holdoff period should be set to minimum with the 
DISPLAY TIME control, and the Type 230 should be operated 

® 



in triggered mode using a trigger from the control equip- 
ment. The memory zones should be short (0.3 cm) and should 

be superimposed wherever posssible. A sweep rate that has 
the least possible holdoff time between displayed dots 
should be used (see the sampling-sweep unit manual for 

trigger holdoff), and the zones should be positioned to use 

minimum sweep time. If the readout equipment is not able 
to keep up with the Type 230 measurement rate in high- 

speed mode, EXTERNAL HOLD should be controlled by the 

readout equipment. 

The high-speed program functions are selected by apply- 
ing a low level to P? pin N of the synchronizer (see Fig. 4-31) 
by way of rear-panel connector J204, The SWEEP SPEEDUP 
and SWEEP RESET control signals that results are sent to the 
sampling-sweep unit through P9 pins P and H. When using 
the Type 3T5 or 3T6 plug-in units, pins P and H are high ex- 
cept when the high-speed function (sweep speedup or reset) 
is active. When using the Type 3T4, pins P and H are nega- 
tive (—12 volts) except when the high speed function is ac- 
tive. Buffers Q1778-Q177? and Q1738-Q1739 act as invert- 
ers, with the Type 3T5 or 316, and as non-inverting level- 
changing circuits with the Type 3T4. 

Since the sweep of the sampling-sweep unit is reset at the 
end of the measurement zone, the start of GATE and GATE 
is coincident with the start of PRINT COMMAND, END, DE- 

LAY, etc. In other words, the start of the sweep holdoff per- 

iod prior to the memory-charging sweep in Fig. 4-25 is moved 
to coincide with the start of END and DELAY, and the start 

of the sweep holdoff period preceding the measurement 

sweep is moved to coincide with the end of the last zone. 

The time difference is the amount of time that is saved by 
sweep reset. The memory-charging sweep, however, does 
not start until the DELAY pulse has ended, so the sweep 
holdoff at the start of the memory-charging sweep is extend- 
ed slightly. In addition to the time saved by sweep reset, 
the time scale before the first zone and between zones on 
the memory-charging sweep in Fig. 4-25 is divided by a fac- 
tor of 10 due to sweep speedup. 

When using a Type 3T4 Sampling Sweep Unit, the sweep 

can not be reset by the synchronizer, but time can still be 
saved by using sweep speedup. The sweep speedup (single 
sweep) circuit holds off the Type 314 memory-charging 
sweep until the DELAY pulse has ended, and holds off the 
measurement sweep for the usual sweep holdoff period. 

Following each sweep holdoff, the sweep reset circuit trig- 
gers the Type 374 to start a single sweep. 

Sweep Speedup. When not operated in high-speed 
mode, the high level of the HIGH SPEED PROGRAM line is 

inverted by M1794A and connected through D1770 to inhibit 

operation of sweep speedup buffer Q1778-Q1779. At this 
time, the dot density of the sweep is 100 dots/division. 

When HIGH SPEED PROGRAM is selected, the low at the in- 

put is inverted by M1794A, releasing the input of the sweep 
speedup buffer and allowing M1770B to contro! the sweep 
dot density. 

During the memory-charging sweep, ZONE BUS at pin L 
of P9 goes high each time a zone occurs, and is low be- 
tween the zones. ZONE is inverted by MI1810A, and any 
time a zone is not present a high is applied to M1810B pin 

3. The high causes M1810B pin 6 to move low, and since 

MEASURE at pin 5 of M1770B is low during the memory- 
charging sweep, the output at M1770B pin 6 goes high, acti- 

Circuit Description—Type 230 

vating the sweep speedup buffer to speed the sweep to 10 
dots/division. 

During the zones of the memory-charging sweep, M1810B 
has a low level applied to pin 3, and since CLOCK RESET 
at M1810B pin 5 is low at that time, pin 6 of M1810B is 
high. The high at M1770B pin 3 causes pin 6 to be low, dis- 
abling the sweep speedup buffer and allowing the sweep to 

slow to 100 dots/division. Since all four zones must be 

charged for each measurement, about half of the memory- 

charging time can be saved by superimposing the two 0% 
zones and the two 100% zones. 

When the sweep ts reset at the end of the last zone of the 
memory-charging sweep, the sweep speedup buffer is acti- 
vated in the same way as it is between zones, but the sweep 

holdoff time is the same as for normal operation. 

At the beginning of the measurement sweep, MEASURE at 
M1770B pin 5 goes high, allowing pin 6 to go low and slow 
down the sweep to 100 dots/division until the measurement 

is completed. The part of the measurement sweep prior to 

the measurement zone is not speeded up due to the uncer- 
tainty as to where the measurement zone will start and the 
loss of resolution that would result by starting the measure- 
ment at 10 dots/division. 

At the end of the measurement, the sweep is again reset, 

MEASURE moves low and the SWEEP SPEEDUP line to the 

sampling sweep unit is again activated for the memory- 

charging sweep. 

Circuit operation of the sweep speedup buffer is as fol- 
lows: When using a Type 3T5 or 316 Sampling Sweep unit, 
the positive voltage in the plug-in unit holds P9 pin P at the 
high level whenever the sweep speedup buffer is not acti- 
vated. At this time, both transistors and all three diodes in 

the buffer are turned off (see Synchronizer schematic}. When 

pin 6 of M1770B goes high between zones on the ZONE 
BUS, the base-emitter junction of Q1778 becomes forward 

biased, Q1779 turns on, and D1777 becomes forward 

biased. @Q1779 does not go into saturation, however, be- 

cause of current through D1777 which holds the emitter of 
Q1778 only one junction more positive than the collector of 
Q1779. Current through the transistors is thus self-regulating. 
D1779 remains off, but D1778 is forward biased by current 
through Q1779, and pulls the output level at pin P down 
near ground level to produce speedup of the sweep (10 

dots/division}. 

If a Type 314 Sampling Sweep Unit is used, the plug-in — 
unit holds pin P negative whenever HIGH SPEED PROGRAM 
is not selected. When M1770B pin 6 goes high to cause 

sweep speedup, Q1778 and Q1779 turn on and D1777 be- 

comes forward biased as described previously. D1778 is 
reverse biased by the negative voltage on its anode, dis- 
connecting Q1779 from the output, but current through 

D1779 and Q1778 pulls the output level at pin P up near 
ground level to produce speedup of the sweep (10 dots/ 
division). 

Sweep Reset (Single Sweep). Instrument turn-on presets 
sweep reset flipflop M1790 through C1790 so that output 
pin 5 is high. This is the state of the flipflop for normal (not 
high-speed) operation. If HIGH SPEED PROGRAM is not se- 
lected, the high at P9 pin N is applied to pin 3, the K input 

of M1790, and a low is applied by inverter M1794A to pin 
1, the J input of M1790 (see Fig. 4-31). When DELAY occurs, 

the negative-going edge at the end of DELAY is applied to 
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the clock pulse input of M1790 but does not change the 
state of the flipflop, since the J input is low and the K input 
is high. (DELAY would have clocked the flipflop fo the set 
condition, pin 5 going high, if the HIGH SPEED PROGRAM 
line had just been released after having previously been ac- 
tivated.) The high output of M1790 is applied to pins 2 and 
3 of M1736, causing a low at M1736 pins 6 and 7 to inhibit 
the sweep reset buffer during normal sweep operation. The 
output at P9 pin H is therefore at the level set by the sam- 
‘pling sweep unit. 

When HIGH SPEED PROGRAM is selected, a low is 
applied to the K input of M1790 and a high is applied 
to the J input. The end of the first DELAY pulse, following 
the end of a measurement or the arrival of an external 
trigger, clocks the flipflop and pin 5 moves low, enabling 
input pins 2 and 3 of M1736. The sweep reset flipflop 
then remains in the set condition, enabling pins 2 and 
3 of M1736, until the HIGH SPEED PROGRAM line is re- 
leased. If a measurement is in progress when the high-speed 
program is activated, the cycle continues until MEASURE 
and MEASURE end at the end of the measurement zone. The 
high level of MEASURE had previously reset Clock Reset flip- 
flop M1762, thus pin 6 is high and pin 7 of MI716A is low, 
enabling the pin 1 input of M1736. The high level of MEAS- 
URE, applied to M1794B pin 5, causes pin 6 to move low and 

enable the pin 5 input of M1736. With all four inputs at the 
low level, pins 6 and 7 of M1736 move high, activating the 
sweep reset buffer to reset the sweep (at the start of MEAS- 
URE). Circuit operation of the sweep reset buffer is identical 
to that described for the sweep speedup buffer, except for 
the nature of the inputs and the purpose of the output. 

When the next DELAY pulse starts, either at the end of the 
measurement or after the arrival of an external trigger, the 

memories are discharged and MEMORIES CHARGED goes 
low, causing a high at the output of inverter QI718. The 
high, applied to pin 3 of M1714 causes pin 6 to be low, 
and pin 6 of M1716B to be high, releasing control of the 
sweep reset function to MI716A. 

Clock reset flipflop M1762, which was set by the start of 
DELAY, has a low at output pin 6, but the low does not 
affect the output of MI716A because of the high level of 
DELAY at MI716A pin 2. When M1716A pin 2 moves low at 
the end of DELAY, pin 7 moves high, and the high input to 
M1736 pin 1 causes M1736 pins 6 and 7 to move low, re- 
leasing the sweep reset buffer and allowing the memory- 
charging sweep fo start. 

As GATE goes low at the start of the sweep, pin 5 of 
M1714 is enabled, and when MEMORIES CHARGED moves 
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high during the last zone, pins 1 and 3 of M1714 are en- 
abled. The sweep is not reset, however, until the end of the 

zone when ZONE BUS moves low. The low from ZONE 
BUS at M1714 pin 2 then causes pins 6 and 7 to move high 
and pin 6 of M1716B to move low, enabling pin 1 of 
M1736. This activates the sweep reset buffer and the sweep 
resets, 

As soon as the sweep holdoff time is finished, the mea- 
sure flipflop is preset by GATE and MEASURE goes low. 
Since END is also low at this time, the output of M1794B is 
high, and this high, applied to the pin 5 input of M1736, 
causes pin 6 to go low, inhibiting the sweep reset buffer and 
allowing the measurement sweep to start. 

At the end of the measurement, MEASURE goes high again 
and the output of M1794B goes low, enabling the pin 5 in- 
put of M1736. Since the output of M1716B is still low, the 
output of M1736 goes high, activating the sweep reset buf- 
fer to reset the sweep. The instrument then is ready to start 
another measurement cycle. 

A CHOP DRIVE and B CHOP DRIVE 

The chopper drive circuits in the synchronizer are design- 
ed for use with measurement sytems that include signal 
choppers at the inputs to the vertical plug-in unit. The chop- 
pers switch the vertical inputs to ground (or other reference) 
at the start of the GATE pulse (see Fig. 4-32) then back to 

the input signals at the end of the first zone (A 0%, B 0%, 

A 100% or B 100%), regardless of which zone occurs first. 

To enable either (or both) of the chopper drive circuits, a 
low is applied through rear-panel connector J204 or J201 to 
P9 pin 3 (A CHOP ENABLE}. The low inputs enable the out- 
put chopper drivers so that they can be switched by chop- 
per drive flipflop M1812. 

When GATE goes high between sweeps, the high at pin 2 
of M1812 causes the flipflop to move to set condition, with 
pin 7 going low and pin 6 going high. The high at pin 6 is 
applied to both of the output chopper drivers so that the 
driver that is enabled provides a low output through P9 pin 

1 or pin EE and rear-panel connector J204 to the chopper 
drive unit, switching the input to the reference level. 

When the first zone occurs, the high on ZONE BUS is in- 
verted by M1810A, but has no effect on M1812B. At the end 
of the first ZONE pulse, the output on M1810 pin 7 goes 
high and the differentiated positive-going pulse resets 
M1812. Pin 6 of M1812 goes low, causing the chopper driv- 
er outputs to move high, and the chopper drive unit switches 
the input back to the signal, M1812 then remains in the reset 
state and the input remains connected to the signal until the 
next GATE pulse arrives, 

CLOCK CIRCUIT CARD 

The Clock circuit card receives start and stop information 
from the start and stop comparators. When the start com- 
parator makes a comparison, the Clock circuit card gates 
the clock pulses on. The stop comparator comparison ends 
the gate, shutting off the clock pulses. Since the number of 
clock pulses that occur during the gated time is proportional 
to the time between the start and the finish of the measure- 
ment, the clock pulses can be counted to digitize the 
measurement. 

Circuit Description—Type 230 

The Clock circuit card provides the digital measurement 
information to the counters in the form of a burst of clock 
pulses. When the Type 230 is used in an equivalent-time 
sampling system and is set to make time measurements, the 
clock pulses are derived from the time base unit's slewed 
sampling strobe pulse. When the Type 230 is used in a real- 
time sampling system and is set to make time measurements, 
the clock pulse burst is derived from the clock output of the 
time base unit or from a crystal-controlled 10 MHz oscilla- 
tor on the Clock circuit card. If the Type 230 is set to make 
a voltage. measurement, the clock pulse burst are derived 
from the crystal-controlled 1 MHz oscillator on the Clock 
circuit card. 

In addition to providing a clock burst output to the Coun- 
ter circuit board, circuits on the Clock circuit card determine 

whether a measurement result is positive or negative and 
provide this information to the readout circuitry. The card 
also provides a MEASURE ZONE signal to the CRT intensi- 
fication circuitry which causes the trace to be intensified 
over the portion of the trace in which the time measurement 
takes place. The Clock circuit card also generates strobe 
pulses which are applied to the Memory circuit card, and 
the END signal which informs the Synchronizer circuit card 
that the measurement has ended. 

Clock Generator and Memory Strobe Circuits 

The Type 230 makes a measurement by counting the num- 

ber of clock pulses that occur in a given interval of time. 
When making a time measurement the clock pulses are 
translated directly into a time reading. In making a voltage 
measurement the number of clock pulses that occur during 

the time it takes a linear voltage ramp to rise from the mea- 
surement start point to the measurement stop point trans- 

lated into a voltage reading. The clock generator circuit on 
the Clock circuit card provides the required type of clock 
signal for the various operating modes of the Type 230/568 
measurement system. 

The possible operating modes of the clock generator cir- 
cuit are as follows: 

1. When using a sampling time-base unit such as the Type 
374 for making time measurements, the slewed pulse is used 
as the clock. The clock generator circuits merely shape the 
clock signal from connector P8 pin E and route it to 
the other circuits. 

2. When using the Type 3B2 real-time time-base unit for 
time measurements, the clock from the Type 3B2 is used on 

the ranges where a clock is available. When the Type 3B2 
Digital Resolution switch is in the .1 js position, the 10 MHz 
clock is generated on the Clock circuit card by the clock 
generator circuits. 

3. When the measurement program calls for a voltage 
measurement, a ground to either P8 pin 7 or pin D causes 
the Clock circuit card clock oscillator to generate a 1 MHz 
clock signal. 

Models 1 and 2 

Time Measurement, Equivalent Time Mode. In this 

mode of operation, P8 pins 7, D, and Y are left floating (see 

Fig. 4-33). The output of transistor Q2054 is low, as is the 

output of the NAND gate consisting of diode D2062 and 
transistor Q2066. The two low outputs disable both the os- 
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cillator feedback paths (pins 7 and 8) of M2074. The low out- 
puts are also applied through OR gate diodes D2054 and 
D2056 and AND gate transistor Q2045, biasing it off. 

When making time measurements with an equivalent-time 
sampling system, the clock pulse (slewed pulse} from the 

time-base unit ts applied to P8 pin E. From pin E, the clock 
pulse is applied to transistor Q2021 which inverts and am- 

plifies the clock signal input. The output of Q2021 is ap- 
plied through R2045 to M2074 pin 6. @2045 is cut off and 
does not inhibit signal passage. The single-ended input in- 
to M2074 is converted into a push-pull output which drives 
squaring flipflop M2076. The CLOCK RESET signal applied 
to M2076 pin 9 inhibits the clock pulses until the GATE sig- 
nal has reset the three-dot delay circuits. Once the CLOCK 

RESET pulse ends, M2076 starts passing constant amplitude, 
properly shaped clock pulses to clock NAND gate M2078, 

whose other inputs will be described later. 

Time Measurements, Real-Time Mode. When making 
time measurements in a real-time system, a clock signal gen- 
erated in the time-base unit is applied through the Type 568 

to P8 pin E in the Type 230. When the clock rate is 1 MHz 
or less, operation of the clock generator circuit is the same 

as for equivalent-time sampling. 

if the Type 3B2 is used as the time base unit and the Type 
3B2 Digital Resolution switch is set to .1 ys, no clock signal 
is sent from the Type 3B2. In this situation the .1 us position 
of the Digital Resolution switch applies a negative voltage 
to P8 pin Y. The voltage on pin Y is anded in the NAND 
gate consisting of diode D2062 and transistor Q2066 with 
the output of the NOR gate consisting of diode D2051 and 
transistor Q2054. Since both pins D and 7 are high, the out- 
put of the NOR gate is low. With both of its inputs low, the 
output of the NAND gate goes high. The high output from 
the NAND gate unclamps the feedback path from M2074 
pin 4 through 10-MHz crystal Y2071 and M2074 pin 7. Inte- 

grated circuit M2074 now becomes a 10 MHz oscillator. The 
output of M2074 is squared up by M2076 and the internally 
generated clock pulse is used for time measurements. 

Voltage Measurement Mode. Setting the Type 230 to 

make a voltage measurement applies ground to P8 pin 7 (or 

D when externally programmed}, With a ground on pin 7, 
the output of the NOR gate consisting of diode D2051 and 
transistor Q2054 goes high. The high output of the NOR 
gate causes the output of NAND gate consisting of diodé 
D2062 and transistor Q2066 to go low and_ inhibit the 
10 MHz feedback path of M2074. At the same time, the high 
output of the NOR gate removes the clamp from the 1 MHz 
feedback path from M2074 pin 8 (transistor Q2072 provides 

fast turn-on time for Y2072). The 1 MHz output of M2074 is 
applied to squaring flipflop M2076 and thence to the user 
circuits as previously explained. 

Strobe Generator 

When making time measurements where the clock input to 
P8 pin E is 100 kHz or less, the Clock circuit card generates 
a 6 18-wide strobe pulse which is applied to the memories. 
The input clock signal is applied to the input of a Schmitt 
Trigger circuit consisting of transistors Q2025 and Q2031 
and associated circuit elements. At clock rates above 100 
kHz, the circuit locks up and delivers a low voltage level 
to the memories at J8 pin W. 
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Time Measurement, Equivalent Time Mode. In_ this 
mode of operation, P8 pins 7, D, and Y are left floating (see 

Fig. 4-34}. The output of @2054 is low, as is the output of 

the NAND gate consisting of diode D2062 and transistor 
Q2066. The two low outputs disable both of the oscillator 
feedback paths (pins 7 and 8) of M2074. The low outputs are 

also applied through OR gate diodes D2054 and D205é to 
AND gate M2045, enabling one of its inputs. The other in- 
puts to M2045 are 568 CLOCK and STROBE from the col- 

lector of transistor Q2031. The clock input to M2045 is 
enabled for the negative duration of 568 CLOCK. The strobe 
from Q2031 activates M2045 approximately 2 microseconds 
after each clock pulse, as explained in the following para- 
graphs. 

When making time measurements with an equivalent-time 
sampling system, 568 CLOCK (slewed pulse from the time- 

base unit) is applied to P8 pin E. From pin E, the clock pulse 

is applied to the base of transistor Q2021 which inverts and 
amplifies the pulse. The negative pulse from the collector of 
Q2021 is coupled through capacitor C2022, and clipped by 
diodes D2022 and D2021 to provide a pulse ranging from 
+0.6V to —4.1V in total excursion. The pulse from the 
clipping diodes is applied to the cathodes of diodes D2023 
and D2024. Both diodes become forward-biased momen- 
tarily, charging capacitors C2023 and C2026 in negative 
direction. The negative charge on the two capacitors simul- 
taneously cuts off transistors Q2025 and @2029, both pre- 
viously held in conduction. The positive level at the collec- 
tor of Q2025 enables the base of transistor Q2031. Transis- 
tor Q2029 remains cut off for about 2 microseconds, the time 
for C2026 to discharge through resistor R2026. When Q2029 
regains conduction, its collector forward biases Q2031, 
whose collector begins the negative excursion of STROBE. 

Due to the larger values of C2023 and R2023 at the base 
of Q2025, it takes about 7 microseconds for C2023 to dis- 
charge sufficiently for Q2025 to regain conduction. When 
@2025 returns to conduction, its collector disables the base 
of Q2031, whose collector returns positive, ending the nega- 
tive excursion of STROBE. The output of Q@2031 is connected 
to M2045 to activate that gate, and also leaves the Clock 
circuit card at J8, pin W, to control the memories. Transistor 
Q2035 is cut off and does not affect STROBE except during 
real-time operation (Type 3B2). 

The delayed clock output of M2045 is differentiated and 
applied to M2074 pin 6. The single-ended input into M2074 
is converted into a push-pull_output which drives squaring 
flipflop M2076. The CLOCK RESET signal applied to M2076 
pin 6 inhibits the clock pulses until the GATE signal has _re- 
set the three-dot delay circuits. Once the CLOCK RESET 
pulse ends, M2076 starts passing constant amplitude, prop- 
erly shaped clock pulses fo NAND gate M2078 and to the 
three-dot delay circuits, 

Time Measurement, Real-Time Mode (TYPE 3B2). If 
the Type 3B2 is used as the time-base unit, the 10 MHz EN- 
ABLE input at P8 pin Y holds the STROBE output at P8 pin W 
low for all modes of operation of the Type 3B2. When the 
Type 3B2 Digital Resolution switch is set to any position ex- 
cept .1 js, the Type 230 receives clock pulses at P8 pin E, and 
a positive level at P8 pin Y holds transistor Q2035 in conduc- 
tion. The collector of Q2305 holds STROBE low. The posi- 
tive level from pin Y also holds transistor Q2066 cut off, 
which enables one input of M2045. Another input to M2045 

=~ 
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Fig. 4-34. STROBE and CLOCK 

is enabled by the constant low from STROBE, so 568 CLOCK 
is allowed to control the gate. The low from the collector 
of Q2066 also disables M2076 pin 7, the 10 MHz feedback 
line for the internal clock. The other unused feedback line 
to M2074 (pin 8) is held low through diode D2063 by the off 
condition of transistor Q2054. 

When the Type 3B2 Digital Resolution switch is placed in 
the .1 us position, 568 CLOCK is disconnected and P8 pin Y 
moves from a positive voltage to about —10 volts. A 
1 MHz clock signal is superimposed on the negative level at 
pin Y, but the signal is not used by the Type 230. The 

negative level from pin Y cuts off Q2035 and @2025, and 

pulse generation {clock model 3-up). 

STROBE is still held in the low state. Transistor Q2066 is 
turned on by the low from P8 pin Y, and its collector moves 
high, locking out pin 6 of M2045. This inhibits any stray 
noise from the open 568 CLOCK line. The high at the collec- 
tor of Q2066 also enables pin 7 of M2074, setting the inter- 
nal 10 MHz clock generator into operation. Integrated cir- 

cuit M2074 now delivers a 10 MHz signal to M2076 for time 
measurements. 

Voltage Measurement Mode. Setting the Type 230 to 
make a voltage measurement applies ground to P8 pin 7 
(or D when externally programmed). With a ground at pin 
7, the output of NOR gate D2051 and @2054 goes high, in- 
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hibiting M2045 through OR gate diode D2054 to lock 568 
CLOCK out of the Type 230 clock generator circuit. The high 
output of the NOR gate causes the output of NAND gate 
D2062 and Q2066 to go low and inhibit the 10 MHz feed- 
back path of M2074. At the same time, the high output of 
the NOR gate removes the clamp from the 1 MHz feedback 
path from M2074 pin 8. (Transistor Q2072 provides fast 
turn-on for ¥2072.) The 1 MHz output of M2074 is applied 
to squaring flipflop M2076 and thence to the user circuits as 
previously explained. For voltage measurements as for time 
measurements, 568 CLOCK still generates STROBE for 
equivalent time operation, and STROBE is still low during 
Type 3B2 real time operation. 

Three Dot Delay Circuits 

Since the comparators can be triggered by noise spikes 
whose amplitude is equal to or greater than the comparison 
voltage, some means must be provided for negating com- 
parisons made on noise. The Clock circuit card contains 
two three-dot delay circuits (one for each comparator) which 
enable the Type 230 to distinguish between comparisons 
made on signals and those made on noise or a misplaced 
sample. The three-dot delay circuits prevent the clock burst 
from being sent to the counters until three consecutive com- 
parisons, coincident with clock pulses, have been made. 
Noise spikes or misplaced samples are generally of random 
spacing; thus, the three-dot delay circuits almost eliminate 
the chance of a clock burst being gated on by a compari- 
son made on noise. The operation of the two delay circuits 
is similar; therefore, only the start comparator's delay cir- 
cuit will be described. 

Start First -+- Slope Mode. For purposes of explana- 
tion assume that the Type 230 is set to start the measurement 
on the first positive slope of the displayed waveform. In this 
mode of operation P8 pins A, C, 1 and 3 are high (see Fig. 
4-35). The outputs of OR gate diodes D2091 and D2111 are 

high. Between sweeps the GATE signal goes positive and 
sets the three-stage shift register consisting of JK flipflops 
M2100, M2102, and M2108. All three flipflops have highs on 
their pin 5 outputs, lows on their pin 4 outputs. Whenever 
GATE goes high, CLOCK RESET also goes high and prevents 
flipflop M2076 from passing clock pulses until the start of 
the measurement sweep. The input from the start compara- 
tor on P8 pin 2 is high until a comparison is made. The 
high from P8 pin 2 and the high from D209] are inverted by 
M2090B and Q2095, appearing as lows at the inputs of 
NAND gate M2098A. The output of M2098A goes high and 
is applied as an inhibiting input to M2100 pin 10. The high 
output of M2098A is also inverted by inverter M2094B and 
is applied as a low to negative-logic AND gate M2104 pin 
6. The other two inputs to M2104 are the lows from M2100 

and M2102 pins 4, so the output of M2104 goes low, remov- 
ing the inhibiting voltage from flipflop M2108 pin 10. These 
are the conditions that exist at the beginning of the mea- 
surement sweep. The count in three-dot delay circuits is 0-0-0. 

When the GATE signal ends and MEASURE goes positive, 
CLOCK RESET goes negative and removes the inhibiting in- 
put from M2076 pin 9. Flipflop M2076 starts passing clock 
pulses to the flipflop in the three-dot delay counter. Flipflop 
M2100 and M2102 cannot toggle on the clock pulses since 
they have been set by the positive portion of the GATE 
pulse and they are receiving highs on pin 10 which inhibits 
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any signal applied to pin 9. However, M2108 pin 10 is re- 
ceiving a low from M2104, so M2108 toggles. The output on 
M2108 pin 4 goes high and the output of M2090A now goes 
low. The count in the three-dot delay circuit counter is now 
1-0-0 (digital 4). 

The clock pulses from M2076 have no further effect until 
the start comparator makes a comparison. When the start 
comparator makes a comparison, the input on P8 pin 2 
goes low. The low on P8 pin 2 is inverted by M2090B which 
causes the output of M2098A to go low. The low output of 
M2098A removes the inhibiting input from M2100 pin 10 and 
M2100 switches on the next clock pulse. At the same time, 
the low output of M2098A is inverted by M2094B. The high 

output of M2094B pin 5 applies an inhibiting voltage to 
M2100 pin 7 and removes the activating input from M2104 
pin 6. The output of M2104 pin 4 goes high and applies an 
inhibiting input to M2103 pin 10. Since the output of M2106 
is also high, M2108 is inhibited on both its J and K inputs. 
When M2100 switches on the first clock pulse following the 
firing of the start comparator, its output on pin 5 goes low, 
removing the inhibiting input from M2102 pin 10. The count 
in the counter is now J-0-1 and the circuit is ready for the 
next clock pulse. 

On the second clock pulse after the firing of the start 
comparator M2102 toggles. The output of M2101 pin 5 goes 
low. Since M2106 is now receiving lows from M2098A pin 6, 
M2100 pin 5, and M2102 pin 5, the output of M2106 goes 
low and removes the inhibiting input from M2108 pin 7. The 
second clock pulse from M2076 has changed the count in the 
counter to 1-1-1. 

With the arrival of the third clock pulse, M2108 toggles. 
The output on M2108 pin 4 goes low and the output 
on M2108 pin 5 goes high. The count in the counter has 
changed fo 0-1-1. Since M2110 is being held in set by the 
output of D2111, it cannot toggle. However, the low output 
from M2108 pin 4 again activates NAND gate M2090A. The 
output of M2090A goes high and toggles flipflop M2120. 

The operation of the three-dot circuit just described as- 
sumes that the start comparator made a comparison on a 
valid signal. If the comparison was made on a noise pulse 
less than three clock pulses long, the start comparator 
switches back and applies a high input fo P8 pin 2, NAND 
gate M2098A again delivers a high input to M2100 pin 10 
and the clock pulses toggle the flipflops back to a count of 
1-0-0. The start comparator must remain fired for at least 
three clock pulses before the three-dot delay counter will de- 
liver a usable output pulse. 

Start Second + Slope Mode. If the measurement is 
set to start on the second slope, the output from OR gate 
diode D2111 is low. The low output from D2111 removes 
the set input from flipflop M2110 and M2110 is reset by the 
CLOCK RESET pulse which occurs at the beginning of the 
measurement sweep. With M2110 reset, its output on pin 4 
is high, the output of pin 5 is low. As previously explained, 
M2108 toggles with M2108 pin 5 going high when a valid 
comparison has been made on the first positive slope. The 
positive-going output on M2108 pin 5 toggles M2110 since 
the inhibit signal from D2111 is removed in second slope 
operation. When M2110 toggles, its output on pin 4 goes low. 
When the start comparator again makes a valid comparison 
on the second slope of the displayed signal, M2108 again 
toggles and in turn toggles M2110. The output on M2110 
pin 4 goes high and toggles M2120. 
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Plus or Minus Slope Gating Circuits 

Since the polarity of the signal input from the compara- 
tors on P8 pins 2 and 21 can be either positive or negative, 
the Clock circuit card contains inverters and gates to pro- 
vide the three-dot delay circuits with the required inputs re- 
gardless of the input polarity. Taking the start comparator 
input on P8 pin 2 as an example, the gates and inverters 
operate as explained in the following paragraphs. 

Assuming that the start comparator is set to switch on the 
first positive slope, the input on P8 pin 2 is high prior fo the 
time the first comparison is made. The high input on P8 pin 
2 is inverted in M2090B and is applied as a low to NAND 
gate M2098A pin 8. Since neither pins 1 or 3 of P8 are 
grounded in this mode of operation, there is a high af the 
base of inverter transistor Q2095 and it also delivers a low 
to M2098A pin 7. With two lows on its input, M2098A de- 

livers a high to the phantom OR gate at its output. The high 
at the output of the phantom OR gate is applied to flipflop 
M2100 pin 10 and to inverter M2094B pin 9. The low output 
of M2094B is applied to M2100 pin 7. 

If the start comparator is set to switch on the first nega- 
tive slope, the input on P8 pin 2 is low prior to the time the 
first comparison is made. The low input on P8 pin 2 is ap- 
plied to NAND gate M2094A pin 7. Since either pin 1 or 
pin 3 of P8 is grounded in this mode of operation, there is 
a low at the output of OR gate diode D2091. The low out- 
put of D2091 is applied to M2094A pin 8. With two lows 
on its inputs, M2094A delivers a high to the phantom OR 
gate at its output as previously explained. Now, when the 
start comparator makes a comparison, its output goes high. 
The high input on P8 pin 2 turns off M2094A. Since M2098A 
is already held off by the output of Q2095, the outputs of 
M2094A and M2098A to the phantom OR gate are low. 
The three-dot delay circuit now operates as previously 
explained. 

Clock Gating Circuits 

Assuming the start comparator holds the comparison for 
3 consecutive clock pulses on the first positive slope, M2108 
toggles on the third clock pulse as previously explained. The 
output on M2108 pin 4 goes low, activating NAND gate 
M2082B. Each time the clock pulse goes high, the positive- 
going transition is applied to M2120 pin 7, causing the flip- 
flop to toggle. The output on M2120 pin 5 goes high. When 
M2120 pin 5 goes high, tt applies a high to M2172 pin 8 
and causes the MEASURE ZONE signal to go low. The low 
MEASURE ZONE signal is applied to M2078 pin 6, and as- 
suming that all the other inputs to M2078 and Q2079 are 
low, M2078 starts passing the clock pulses to NAND gate 
M2082B. Each time the clock pulse goes high, the output of 
M2078 pin 5 goes low, enabling NAND gate M2082B pin 9. 
If P8 pin 13 (COUNTER AVERAGE} is low, M2082B is acti- 
vated and passes clock pulses to flipflop M2018 pins 8 and 
9. If either pin 10 or pin 19 of P8 is grounded (HORIZ + 2), 
M2018 operates as a flipflop and gives one clock pulse 
output for each two clock pulses in. If both P8 pin 10 and 
pin 19 are ungrounded, the feedback path from M2018 pin 
5 to M2018 pin 1 through resistor R2018 converts M2018 into 
a single-shot. In single-shot operation, M2018 resets itself 
between clock pulses, then switches on each clock pulse, de- 
livering one clock pulse out for every clock pulse in. 
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Plus and Minus Indicator Drive Circuits 

At the same time that M2078 pin 4 goes low {as described 
in the preceding paragraph}, NAND gate M2124B is receiv- 
ing a low from M2120 pin 4. The two lows on its input 
cause M2124B pin 5 to go high. The high output from 
M2124B pin 5 sets flipflop M2126. The output of M2126 pin 
6 goes low and is applied to the + register flipflop on the 
Counter and Readout circuit board. 

If the stop comparator fires before the start comparator, 
M2172 still delivers a low output to M2078 pin 6. Assuming 
all other inputs to M2078 are satisfied, M2078 starts pass- 
ing clock pulses out through M2078 pin 4. Since M2120 has 
not yet been toggled by the start comparator, its output on 
pin 5 is low and enables NAND gate M2124A. When 

M2078 pin 4 goes low on the first gated clock pulse, the out- 
put of M2124A pin 6 goes high and sets flipflop M2128", 
sending a low to the — (minus) storage register on the 
Counter and Readout circuit board. Now, when the start 

comparator fires and switches M2120, the high output on 
M2120 pin 5 ends the MEASURE ZONE and thereby closes 
NAND gate M2078. Pin 4 of M2078 goes high and removes 
the enabling input from NAND gate M2124B. 

Measure Zone Start and Stop Flipflops 

Between sweeps, measure zone start flipflop M2120 (see 
Fig. 4-36) and measure zone stop flipflop M2170 are set by 
the positive-going edge of the GATE pulse applied through 
capacitor C2131 to pin 6 of the flipflops. At the_end of the 
positive portion of the GATE pulse, the CLOCK RESET pulse 
(generated by the Synchronizer circuit card) is applied to 
pins 1 and 8 of the two flipflops. The CLOCK RESET pulse 
resets the flipflops, causing their output pins 5 to go low 
and pins 4 to go high. During the memory sweep CLOCK 
RESET stays high and the flipflops remain reset. When 
CLOCK RESET goes negative at the start of the measurement 
sweep, the positive voltage is removed from pins 1 and 8 
of the flipflops and M2120 and M2170 are free to toggle 
when they receive a positive-going input on pin 7. 

With the measure zone start and stop flipflops reset as 
explained in the preceding paragraph, the low outputs from 
M2120 and M2170 pins 5 enable both inputs to NAND gate 
M2172A. The output of M2172A goes high, generating the 
positive portion of the MEASURE ZONE signal. The output 
of M2172A on pin 6 goes high and is applied as an inhibit 
signal to NAND gate M2078 pin 6. No clock pulses can 
pass through M2078 until this inhibit signal is removed. 

When the start comparator's three-dot delay circuit de- 
livers a high output as previously explained, the positive- 
going edge applied to M2120 pin 7 toggles the flipflop. The 
output on M2120 pin 5 goes high. The high output from 
M2120 pin 5 is applied to M2172 pin 8 and causes the out- 
put of M2172A pin 6 to go low. Since M2172B pin 10 is re- 
ceiving a high from M2170 pin 4, both inputs to the phan- 
tom OR gate at the output of M2172 are low and MEASURE 
ZONE ts thus low. The low MEASURE ZONE is applied to 
NAND gate M2078 pin 6 and gates on the clock burst. The 
clock burst lasts until the stop comparator’s three-dot delay 
circuit toggles M2170. 

‘Flipflops M2126 and M2128 are rated as 2 MHz devices. Capac- 
itors C2126 and C2128 serve to integrate the 10 MHz clock and 

permit M2126 and M2128 to switch to 10 MHz signals. 
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After the stop comparator has remained fired for three 
consecutive clock pulses, the stop comparator's three-dot 
delay circuit delivers a high output pulse to M2170. Flipflop 
M2170 toggles and its output on pin 4 goes low. The low 
from M2170 pin 4 is anded in NAND gate M2172B with the 
low from M2120 pin 4. The output of M2172B goes high 
and ends the negative portion of MEASURE ZONE. The now 
positive MEASURE ZONE is applied to M2078 pin 6 and 
ends the clock pulse burst. If for some reason the stop com- 
parator does not fire, the clock burst is terminated when 

GATE sets the three-dot delay circuit counters. 

Generation of End Pulse 

At the time when M2120 is toggled by the output of the 
start comparator’s three-dot delay circuit, M2120 pin 4 goes 
low. This low is applied to NAND gate M2182A pin 8. 
When the stop comparator’s three-dot delay circuit toggles 
M2170, M2082A pin 7 also receives a low input. The output 
of M2082A pin 6 goes high, creating the END pulse. The 
END pulse lasts until CLOCK RESET resets M2120 and M21Z0. 
With the flipflops reset, they both have highs on pin 4, caus- 
ing the output of M2082A to go low and terminate the END 
pulse. 

Divide-By-Eight Logic 

When the Type 230 is set for Average-Of-Eight mode, P8 

pin 13 {see Fig. 4-37) is high (COUNTER AVERAGE). 

The high biases off NAND gate M2082B. At the same 
time, the COUNTER AVERAGE signal on P8 pin 6 
grounds pins 7 and 10 of flipflop M2080 in the divide-by- 
eight counter (M2080, M2084, and M2086}. When the start 

comparator switches and enables M2078, the clock pulses 
from M2078 pin 4 to M2080 pins 8 and 9 cause M2080 to 
toggle. The counter delivers 1 clock pulse out for every 
eight clock pulses passed by NAND gate M2078. Another 
divide-by-eight counter on the Synchronizer circuit card 
causes the Type 230 to make eight measurement sweeps be- 
fore the count in the counters is transferred into the storage 
registers. 

COUNTER CIRCUIT BOARD 

The Counter circuit board (mounted on the back of the 

front panel) carries the counters, registers, binary-to-decimal 
decoders, buffer-inverters, and visual indicators necessary to 
provide the visual and electrical readouts of the Type 230. 

The counters and binary-to-decimal decoders make exten- 

sive use of integrated circuits. The logic of the various 
circuits shown on the counter and readout diagrams is ex- 
plained in the following paragraphs. 

Input Signals 
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Fig. 4-37. Clock divider circuits. 
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pulse from the Synchronizer circuit card is applied to the 
circuits on the Counter board (see circuit diagram) prior to 
the start of a measurement. The COUNTER RESET pulse is 
inverted in inverter_line-driver M2328, becoming the positive- 
going COUNTER RESET pulse. The pulse resets all four count- 
ers to zero before the start of a measurement. 

= 5 EXT and =~ 5 HORIZ. The ~ 5 EXT input is used 
when counter scaling is controlled by an external program- 
mer. The + 5 HORIZ input is normally connected to the 
time-base unit. Whenever the time-base unit time per 
division is in a 2-series range and a time measurement is 
being made, the —5 HORIZ input is low. A low level to 
either of the +5 inputs changes the first flipflop (M2320} in 
the ones counter from a divide-by-two counter to a divide-by- 
one counter. This causes the ones counter to send a carry 
pulse output to the tens counter on every fifth CLOCK pulse. 

This has the effect of multiplying the CLOCK pulse by two, 
i.e., 100 dots/em X 2 = 200 counts/cm. In this mode of op- 
eration all output readings are even numbers. 

REGISTER SET Pulse. This negative pulse is received from 
the Synchronizer card at the end of a measurement. When 
the pulse is received, the information in the counters is trans- 

ferred to the registers. Note that inverter line-drivers M2310 
and M2348 invert the pulse before it is applied to the inte- 
grated circuits in the registers. 

CLOCK Pulse. The CLOCK pulses are received from the 
Clock circuit card. When the sampling sweep unit is set to 
any 5-series timing range, the Clock circuits divide the 
CLOCK pulses by two before they are applied to the 
counters. 

Output Signals 

The outputs of the Counter circuit board are the visual 
readouts (ones, tens, hundreds, thounsands, decimal point, +, 

—, and unit-of-measure} and electrical readout lines from 

the registers. Except for the decimal point outputs, all elec- 
trical outputs are driven by inverter-buffer transistors. 

Logic Description 

Ones Counter. The Ones Counter (see Fig. 4-38) is made 

up of four flipflops (M2320, M2322, M2324, and M2326), the 

first three of which normally operate as “T” flipflops. The 
ones counter is basically a binary ripple-through BCD count- 
er. The flipflops switch on the positive-going edge of the 
CLOCK pulse input. The RESET pulse, applied between meas- 
urements, resets all the counters to zero prior to the start of 
a count. 

Disregard for the moment the feedback path from M2320 
pin 5 to the collector of transistor Q2315. 

With the flipflops reset to zero, the first CLOCK pulse ap- 
plied to the Cp input of M2320 sets the flipflop to 1 (the 
output on pin 4 goes low). The output on pin 4 is applied 
to the pins 8 and 9 of M2322 (Cp) and to pin 9 {K) of 

M2326. Since the flipflops switch only on the positive-going 
transition of a pulse, M2322 and M2326 do not reset. The 
count in the ones counter is now 0-0-0-1. (See the truth table 
in Fig, 4-38). 

The second CLOCK pulse resets M2320 and the positive 
excursion of the output sets M2322. Flipflop M2326 remains 
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reset since the pulse from M2320 pin 4 is applied to pin 9, 
the reset input of M2326. The count in the counter is 0-0-1-0. 

On the third CLOCK pulse, M2320 sets to 1 and pin 4 
goes low. Since the flipflops switch only on the positive-go- 
ing transition of a pulse, M2322 does not change at this 
time, The count in the counter is now 0-0-1-1. 

The fourth CLOCK pulse resets M2320. The positive-going 
output (pin 4) of M2320 resets. The positive-going output of 
M2322 sets M2324. The count in the counter is now 0-1-0-0, 

On the fifth CLOCK pulse, M2320 sets to 1. The second 

and third flipflops do not change. The count in the counter 
is now 0-1-0-1. 

The sixth CLOCK pulse resets M2320, M2322 sets to 1, and 

M2324 remains in the set (1) state. The count in the counter 
is now 0-1-1-0. 

On the seventh CLOCK pulse, M2320 sets to 1, the second 

and the third flipflops remain in their 1 state. Note that in- 
puts to both pins 8 and 9 of M2326 are low. The count in 
the counter is now 0-1-1-1. 

The eighth CLOCK pulse resets M2320. Resetting M2320 
resets M2322, then M2324. Resetting M2320 also applies a 
positive-going signal to pin 9 of M2326 but since this is the 
reset input and M2326 is at this moment already reset, the 
pulse has no effect. However, almost immediately a posi- 
tive-going pulse caused by the resetting of M2324 arrives at 
M2326 pin 8 and causes it to set. With M2326 set to 1, the 
carry line is high, and pin 7 of M2322 is inhibited. M2322 
cannot switch again until the carry line goes low. The count 
in the counter is now 1-0-0-0, 

The ninth CLOCK pulse sets M2320 to 1; the other three 
flipflops do not change. The count in the counter is 1-0-0-1. 

On the tenth CLOCK pulse, M2320 resets and applies a 
positive-going voltage to the Cp input of M2322 and the K 
input of M2326. Since the J input (pin 7) to M2322 is held by 
the 0 output (carry line} from M2326, the second and third 
flipflops remain reset. The positive-going output of M2320 
resets M2326 through its K input (pin 9}. The count in the 
four flipflops is now 0-0-0-0. Resetting the fourth M2326 
changes the output on pin 5 of M2326 from high to low, re- 
moving the inhibiting input from pin 7 of M2322 and ready- 
ing it for the next count. The carry line switches from high to 
low and provides the negative-going CARRY pulse required 
by the tens counter. 

Next, notice the feedback path from pin 5 of M2320 to 
the collector of transistor Q2315. With no +5 input, Q2315 
is normally conducting and grounds the feedback. If the 
time-base unit is set to one of its 2-series timing ranges 
(20 ns per division, for instance}, the ground signal applied 
to the base circuit of Q2315 through diode D2312 cuts Q2315 
off. With the clamp thereby removed from the feedback 
path, M2320 provides a switch pulse to M2322 for every 
CLOCK pulse input received. This converts the ones counter 
from a divide-by-ten counter to a divide-by-five counter. 
The ones counter now provides a CARRY pulse output for 
every five CLOCK pulses received. 

Whenever the time-base unit is set to one of its 5- 
series timing ranges {50 us per division for instance}, the 
CLOCK signal is divided by two on the Clock circuit card. 
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In this case the ones counter operates as a divide-by-ten 

counter as previously explained. 

Tens Counter. Operation of the tens counter (see Fig. 
4-39) is similar to that of the ones counter except that the 

flipflops switch on the negative-going trailing edge of a posi- 
tive pulse. 

The Tens Counter receives the negative-going carry pulse 
from the ones counter and the RESET pulse from inverter 

line-driver M2328. The outputs of the tens counter are BCD 

signals to the tens register (M2370, M2372, M2374 and 
M2376) and a negative-going carry pulse to the hundreds 
counter. Like the ones counter the tens counter is basically 
a four-flipflop ripple-through counter with gating to reset at 
the count of ten. The output code is 1-2-4-8, The RESET pulse 
applied between measurements resets the flipflops to zero 
prior to the start of a count. 

Each time M2326 (in the ones counter) resets to zero, 

the negative-going pulse from M2326 pin 5 switches the first 
flipflop in the tens counter (M2350). Assuming that all the 
counters have been reset by the RESET pulse, the tens coun- 
ter operates as follows: 

On the first carry pulse from the ones counter, the nega- 
tive-going pulse from M2326 pin 5 sets M2350 to 1. The out- 
put on M2350 pin 5 goes low and the output on M2350 pin 
7 goes high. The count in the tens counter is now 0-0-0-1. 

The second carry pulse from the ones counter resets 

M2350. The negative-going output from M2350 pin 7 sets 
M2352 to 1. The negative-going output from M2350 pin 7 is 
also applied to M2356, but M2356 is recetving a high signal 
from AND gate M2358 on pin 3 and cannot switch at this 
time. The count in the tens counter is now 0-0-1-0. 

On the third carry pulse, M2350 sets with the output on 

pin 5 going low, the output on pin 7 going high. Since the 
flipflop is insensitive to the positive-going edge of a posi- 
tive pulse, M2352 does not switch on the third carry pulse. 

The count in the counter is now 0-0-1-1. 

The fourth carry pulse resets M2350. The negative-going 
output from M2350 pin 7 resets M2352. Resetting M2352 
generates a negative-going signal on M2352 pin 7 which 
sets M2354. The count in the tens counter is now 0-1-0-0. 

On the fifth carry pulse, M2350 sets (pin 5 goes low and 
pin 7 goes high). Flipflop M2352 stays reset and M2354 
stays set. The count in the counter is now 0-1-0-1. 

The sixth carry pulse resets M2350, and the negative-going 

output on M2350 pin 7 sets M2352. Flipflop M2354 remains 
set from the fourth carry pulse. The count in the counter is 
now 0-]-1-0. 

On the seventh carry pulse, M2350 sets and M2352 and 

M2354 remain set. The count in the counter is now 0-1-1-1. 

At this point, note the inputs to M2356 and M2358. The 
output from M2350 pin 7 to pins 2 of M2352 and M2356 is 
high. The output from pin 5 of M2352 to input pin 1 of 
M2358 ts low, as is the output from pin 5 of M2354 to input 
pin 1 of M2358. This makes the output of M2358 pin 7 high, 
which is applied to M2358 pin 5. Under these conditions, 
the output of M2358 pin 6 is low. The low output from 
M2358 pin 6 is applied to input pin 3 of M2356. Conditions 
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are now such that M2356 will switch the next time a nega- 
tive-going pulse is applied to M2356 pin 2. 

On the eighth carry pulse, M2350 resets. The negative-go- 

ing output from M2350 pin 7 causes M2356 to set and 
M2352 to reset. Resetting M2352 applies a negative-going 
pulse to M2354 pin 2, and M2354 also resets, The count in 

the counter is now 1-0-0-0. 

The ninth carry pulse sets M2350, with M2350 pin 5 going 
low and M2350 pin 7 going high. The transition on pin 7 ts 
the wrong polarity to switch M2352, M2354, and M2356. The 

count in the counter is now 1-0-0-1. 

On the tenth carry pulse, M2350 resets and the negative- 

going output on pin 7 resets M2356. The resetting of M2356 
removes the inhibit from pin 3 of M2352 and the negative- 
going signal from M2356 pin 7 is applied as a carry pulse 
to the hundreds counter. 

Hundreds Counter. Except for circuit numbers, the hun- 
dreds counter is the same as the tens counter. The logic de- 
scription of the tens counter applies to the hundreds counter 
as well. 

Thousands Counter. Since the overall counting operation 
does not require the counter to count above decimal 3999, 
the thousands counter (see Fig. 4-40) consists of two flip- 
flops. Flipflops M2400 and M2404 operate as a two-stage 
ripple-through counter until a binary count of three (1-1) ts 
accumulated. On the count of three, a feedback loop from 
the reset side (pin 7) of M2404 locks up the two flipflops un- 
til a RESET pulse is received. 

Following the output of the thousands counter through 
registers M2406 and M2408, it can be seen that any time the 
number 3 in Nixie tube V2429 is lighted, the E (error) symbol 
in Nixie tube V2439 is also lighted. This does not necessar- 
ily indicate that a counting error has been made, but the 
operator must realize that if the total count should exceed 

decimal 3999, the counters will not provide the proper read- 

out. Anytime the count reaches decimal 3000 or more, the 
reading may be suspected of being incorrect. 

Registers. The registers consist of 24 JK flipflops which 
store the output information from the various logic circuitry 
to which they are connected. Note that all flipflops in the 
registers have their clock and reset inputs (pins 2 and 6) tied 

together and their K inputs (pin 3) connected _to the informa- 

tion to be stored. When the REGISTER SET pulse from 
M2310, M2348 and M2402 is applied to pins 2 and 6, the 
information to be stored is clocked into the registers. 

Taking integrated circuit M2330 as an example, the opera- 
tion of the registers is as follows: 

1. Assume that the ‘‘1" (set) is being received from M2320 

on_pin 3. The circuit cannot switch until a clock (REGISTER 
SET) is applied. 

2. When the REGISTER SET pulse from the Synchronizer 
card arrives, it is inverted to REGISTER SET by M2310. The 

positive level of the REGISTER SET pulse resets M2330 to 0 
and the negative-going trailing edge clocks in the state of 
M2320. 

Since all the remaining register cells on the Counter circuit 
board operate in a manner similar to that given above for 
M2330, no further explanation is provided. 
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Binary-To-Decimal Decoder—Nixie Drivers. The  in- 
tegrated circuits decode the 1-2-4-8 BCD outputs of the 
registers and supply decimal information to the ones, tens 
and hundreds Nixie indicator tubes. The binary-to-decimal 
decoders require either ground-closure or saturated-tran- 
sistor inputs. The outputs are the output resistance of a 
saturated transistor which, to the Nixie tubes, looks like 

ground closures to the Nixie element to be lighted. 

The binary-to-decimal decoder for the thousands Nixie 
consists of Q2421, Q2423, Q2425, and Q2427 (see circuit 
diagram). Circuit operation is as follows: 

1. With a zero in the thousands register (M2406 and 

M2408}, the outputs on pin 5 of both units are high, the out- 
puts on pin 7 low. The high output of M2406 pin 5 applies 
enabling bias to the bases of Q2421 and Q2425. Transistor 
Q2425 cannot conduct because of the high output of M2408 
applied to its emitter, The low output of M2408 is applied 
to the emitter of Q2421. Under these conditions, Q2421 con- 

ducts and lights the ‘'0" in the thousands Nixie. 

2. When the thousands register contains a binary 1 (0-1), 

the high output of M2406 pin 7 applies enabling bias to 
the bases of Q2423 and Q2427. Transistor Q2427 is pre- 
vented from conducting by the high output of M2408 pin 5, 
but the low output of M2407 pin 7 is applied to the emitter 
of Q2423, permitting Q2423 to conduct and light the 1" in 
the thousands Nixie. 

3. A binary 2 (1-0) in the register sets M2406 to 0 and 
M2408 to 1. The high output on pin 5 of M2406 applies en- 

abling bias to the bases of Q2421 and Q2425 as previous- 
ly explained. However, the low output of M2408 pin 5 
enables the emitter circuit of Q2425 only, so the “2” element 
of V2429 is lighted. 

4. A binary 3 {1-1} in the register sets both M2406 and 

M2408 to 1. The high output on pin 7 of M2406 applies en- 
abling bias to the bases of Q2423 and Q2427, but the low 

output of M2408 pin 5 enables Q2427 only. The 3" in the 
thousands Nixies is lighted, and through R2437, the E (error) 

in Nixie V2439, 

Decimal Point Decoder. The Decimal Point Decoder uses 
a binary-to-decimal decoder with special connections for 
properly positioning the decimal point. The inputs are deci- 

mal point information and a + 5 level from the time- 
base unit, the vertical amplifier, or from external equip- 
ment. To gain digital resolution, the +5 operation is actu- 
ally a “multiply by two and move the decimal point” op- 
eration. The circuit operates as follows: 

1. Assume that the decimal point is to be in the fifth 
place to the right {10 to the zero power). In this situation, 

there are high inputs into the decimal register (M2440, 
M2444, and M2448). The outputs from the flipflops in the 
register are all high. M2450 decodes this condition as a 
zero and delivers an output on M2450 pin 9, lighting the 
fifth neon lamp (B515). 

2. Next assume that the +5 line is held low. As previous- 
ly explained, this is actually a “multiply by two and move 
the decimal point’ operation. The low ~5 input to M2440 
causes the flipflop to set to 1 and the output on pin 5 goes 

low. This is decoded by M2450 as a 1. The output on pin 5 
of M2450 goes low and lights B516, the fourth neon lamp 
(10-4). 
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3. When the external input requires the decimal point to 
be moved to the fourth position, the output of M2448 goes 
low. This is decoded by M2450 as a 2 and the output on 
pin 10 of M2450 goes low. Since pins 5 and 10 on M2450 
are connected together, B516 lights again {10-* again). 

4, While holding M2448 pin 3 low (10), apply a low 
level +5 to pin 3 of M2440. The low outputs from M2440 
and M2448 are decoded by M2450 as a 3. The output on 
Pin 4 of M2450 goes low, lighting B517 (10-?). 

5. The third neon lamp is also lighted by a low input on 
the EXT 3 line to pin 3 of M2444, With an input on this fine 
only, the output of M2444 is decoded by M2450 as a 4. The 
output of M2450 pin 11 goes low, and since pins 4 and 11 
are connected in parallel, B517 again lights (10-°). 

6. When the external input requires the decimal point to 
be moved to the second position, the inputs to M2444 and 

M2448 are connected in parallel through D2444 and D2447. 
Applying a low level to pin AK sets both M2444 and M2448 

to 1. Decoder M2450 decodes the two inputs as a 6, which 

makes the output on pin 12 of M2450 low and turns on B518 
(10-*). 

7. With conditions as given in the preceding paragraph, 
assume that the +5 line is also low. Decoder M2450 reads 

the three low input as a 7 and the output on pin 2 of M2450 
goes low. Neon lamp B519 is lighted (10-*). 

After the decimal point information has been decoded 
and applied to the neon lamp which indicates the decimal 
point, it is still necessary to provide the decimal point loca- 
tion to external equipment. The information is re-encoded 
into binary by D2455, D2456, D2457 and D2458 as follows. 
When B515 is lighted, there is no output (0-0), when B516 is 

lighted, D2457 holds pin AL low (10-4). Likewise, when the 
line to B517 is low (10*), D2455 holds pin D low (107%). 
When B518 is lighted, the line to pin AJ and the cathodes 
D2456 and D2458 is low. Diodes D2456 and D2458 hold 
both the 10-* and the 10-? lines low, giving a binary 3 
(10-3). The 10-* line is held low by D2459 whenever B519 
is lighted. 

Units-Of-Measure Circuit. The units-of-measure circuit 
consists of a five-bit register, five buffer-inverters, and a 

Nixie readout tube. The inputs to the register are the unit- 
of-measure information received from the sampling sweep 
unit and the vertical amplifier. This information is trans- 
ferred into the register when the REGISTER SET pulse moves 
high, then returns low. The information stored in the register 
is taken from the outputs, then amplified and inverted by 
the buffer-inverter transistors (Q2481, Q2483, Q2485, Q2487 

and @2489} and applied to the appropriate element or 

elements in the Nixie tube. The outputs of the buffer-inverter 
transistors are also made available to external lines via 
D2480, D2482, D2484, D2486 and D2488. 

Limit Lamp Storage. The limit storage circuit (see Fig. 4- 

41) has the function of delaying and transferring the upper 
and lower limit comparator output information to the read- 
out lamps located on the front panel. If is composed of 
a single-shot multivibrator, storage flipflops for both the 
upper and lower limit information, a NAND gate, and three 
limit lamp drivers. 

GREATER information from the upper limit comparator 
comes into the circuit through pin AZ to pin 3 of flipflop 
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Fig. 4-40. 1000s Counter. 

M2512. The information seen at pin 3 of M2512 may be 
either_a_low to indicate GREATER, or a high to indicate 
GREATER. LESS information enters the circuit through pin BC 
on the Counter and Readout board to pin 3 of flipflop 
M2522, The LESS information, a low or a high, comes from 
the lower limit comparator. 

The negative REGISTER SET pulse comes through differen- 
tiator C2501-R2501 to pin 2 of integrated circuit M2502, 
which is two NAND gates connected as a single-shot. The 
negative transition the REGISTER SET pulse has no notice- 
able effect on pin 2 of M2502, since this pin is maintained 
in a low state by R2501. When REGISTER SET returns high, 
pin 7 goes low, causing pin 6 to go high. Pin 6 of M2502 is 
connected to pins 6 and 2 of flipflop M2512, and to pins 6 
and 2 of flipflop M2522. The high at pin 6 of single-shot 
M2502 lasts about 20 ys, due to the RC time constant 
of C2505 and associated circuitry. The 20 us is used to wait 
for a stable Limit circuit output. 
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This causes both of the storage flipflops to set on the 
positive level of the single-shot output. When the output of 
the single-shot returns negative, pins 2 of both storage flip- 
flops are activated by the negative edge, and the limit in- 
formation is transferred into the flipflops. Following is a 
truth table of the input and output combinations of the 
storage flipflops. 

TRUTH TABLE 

M2512 M2522 M2512 M2522 
pin 3 pin 3 pin 7 pin 7 

H (0) H (0) L (1) L (i) 
H (0) L (1) L () H_ (0) 
L (i) H (0) H (0) L (i) 
L_{i) Li) H (0) H_(0) 



As the foregoing truth table illustrates, when the limit in- 
7~ formation to both storage flipflops is high, the flipflops go 

to a set condition and do not reset when pin 2 is pulled 

low. The two lows at the output (pin 7) of the flipflops go 
to M2532A. The two lows at the inputs {pin 1 and 2) of the 
NAND gate cause its output (pin 7) to go high. The high at 
M2532A pin 7 goes to the base of limit lamp driver transis- 
tor Q2533 and turns it on. The conduction of Q2533 ener- 
gizes the WITHIN LIMITS lamp on the Type 230 front panel. 

When the LESS information from the lower limit compara- 
tor is low, indicating a count less than the limits, flipflop 
M2522 has a low at its reset input. The negative edge from 
M2502 enables the flipflop, which sends a high from pin 7 to 
the base of Q2523 and to pin 2 of M2532A. The high at pin 2 
of M2532A holds its output pin 7 low, which turns Q2533 off 
and de-energizes the WITHIN LIMITS lamp. The same high 
turns Q2523 on and energizes the BELOW LOWER LIMIT 
lamp on the Type 230 front panel. This indicates to the op- 
erator that the count is less than the lower limits. 

When the GREATER information from the upper limit com- 
parator is low (indicating a count greater than the upper 
limit], pin 3 of M2512 is low. When the negative edge from 
M2502 occurs, the flipflop is reset, sending a high to Q2513. 
The high from pin 7 of M2512 is also sent to M2532A pin 1, 
holding its output (pin 7) low. The low at the output of 
M2532A turns Q2533 off, de-energizing the WITHIN LIMITS 
lamp. The high at the base of Q2513 turns it on, energizing 
the ABOVE UPPER LIMIT lamp on the front panel of the 
Type 230. This indicates to the operator that the count has 

exceeded the upper limit. 

When both LESS and GREATER inputs from the limit com- 
parators are low, both of the storage flipflops will be reset 
when the negative edge of the single-shot gate occurs. This 
will cause both flipflop outputs to send a high to the tran- 
sistor drivers (Q2513 and Q2523). The highs at the bases of 
the two transistors turns them both on, and the front panel 
limit lamps will indicate that the count is both above and 
below the limits. 

The collectors of Q2513, Q2533, and Q2523 are connect- 

ed to J301, pins 27, 28 and 29 respectively. These external 
pins are for external readout and recording purposes. The 
collectors are also connected to J204 pin 19, 20 and 21 
respectively. The J204 pins may be used for the same pur- 
poses. 

LIMIT COMPARATOR 

The limit comparator sections essentially function as ma- 
jority* circuits. This means that each of the transistors is 
sensitive to whether the input has a majority of lows or a 
majority of highs. The state of the transistor’s collector will 
be opposite to the nature of the majority, since the transis- 
tor is an inverter. According to the author listed in the foot- 
note below, if a majority is inverted (complemented) it be- 

comes a minority. In accordance with the footnote this dis- 
cussion will treat each of the limit comparators as a series 

of minority gates, except where specifically excluded. 

The Limit circuit card {Model 2-up} is provided with two 

unique voltage supplies, each derived from standard volt- 
ages supplied by the Type 230 power supply. These two 

‘Digital Computer Design Fundamentals; Yohan Chu; McGraw-Hill; 

1962. See Pages 130-132. 
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supplies provide the closely regulated voltages required for 
operation of the Limit Comparators. 

—4.9-Volt Supply 

A resistive divider (R2773-R2775) connected from the —50 

volt supply to ground furnishes the stable reference point 
for the operation of this supply. The base of transistor 
Q2775 is connected to the junction of the divider resistors, 

where the operating voltage is approximately —4.2 volts. 
The collector of @Q2775 is returned to 50 volts through 
R2779 and P11-BB. Resistor R2779 provides protection for 
the transistor, plus additional power-handling capability 
for the circuit. The emitter of Q2775 is the —4.9 volt output 
to all the limit circuitry which requires this voltage. 

+ 16.9-Volt Supply 

A resistive divider (R2753-R2755) connected between +12 

volts and +50 volts furnishes a constant +17.6 volts from 
which transistor Q2755 can reference its operation. The col- 

lector of Q2755 is returned directly to +50 volts through 
Pi1-V to provide sufficient current for the demands of the 
limit circuitry using +16.9 volts. 

Limit Comparator 

The Limit card, in conjunction with the limit lamp storage 
section of the Counter board, provides “Go-No-Go" front 

panel readout for the operator of the Type 230. There are 
three limit lamps located on the right-hand side of the Type 
230 front panel. These three lamps indicate to the operator 

whether a measurement exceeds the limits preset by the op- 
erator. The Limit Set knobs located near the limit lamps on 
the front panel enable the operator to set the measurement 
range. 

The Limit circuit is essentially a pair of binary compara- 
tors. The programmed limits and counter information are 
delivered to the Limit circuits as logic levels. A logical one 
(low) is approximately ground potential. A logical zero 
(high) is approximately +12 volts. When the Type 230 trans- 
fers the accumulated count to the decoders in the Counter 
board, this information is also transferred to the Limit card 

counter inputs for comparison with the upper and lower 
programmed limits. 

Each of the two limit comparators consists of a series of 
logical “minority” circuits. These minority gate compare the 
incoming counter and limit inputs. If the inputs to a minority 
gate are a minority of lows and a majority of highs, the 
output of the minority gate is low. If the inputs to the minor- 
ity gate are a minority of highs and a majority of lows, the 
output of the minority gate is high. Excepting the output 
gates of the limit comparators, all of the circuitry in the limit 
comparators can be segmented into three-input minority 
gates. 

The truth table for a minority gate in the Limit card is il- 
lustrated in Fig. 4-42, with the logic symbol for a minority 
gate. 

All of the “C’’ inputs to the Limit card are from the Count- 
et board. All of the “U" inputs comes from the UPPER LIM- 
IT switch of the Type 230, or externally programmed limits 

from J203. The MEASUREMENT MODE switch selects either 
the front panel Upper Limit switch information or limit in- 
formation from programmed inputs at J203. The “L" inputs 
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Fig. 4-41. Limit storage logic. 

come from the Lower Limit switch of the Type 230, or exter- 
nally programmed limits from J203. The MEASUREMENT 
MODE switch selects either the front panel Lower Limit 
switch information or programming information from J203. 

The circuit operation of the limit comparators is best ex- 
plained by analyzing the operation of a typical minority 
gate, and then by viewing the overall operation of the two 
limit comparators as a series of minority gates. 

Fig. 4-43 is a schematic diagram of the first two minority 
gates in the upper limit comparator. These gates are typi- 
cal for both the upper and lower limit comparators. When 

referring to a minority gate in this description, the output 

TRUTH TABLE LOGIC SYMBOL 

LG, CG: Carry 
LL» 

000 1 
0011 G-|) MINOR -—*© Carry Out 

o10 1 C.-> 

o1t o 

100 #1 

101 #0 
110 0 L = Limit input 

111 °=«0 
C, = Counter input 

C, = Carry From previous Comparison 

Fig. 4-42. Minority logic and truth table. 
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transistor of that minority gate will be mentioned as the 
minority gate designator. For example, Q2620, R2612, R2616 
R2618 and R2619 are the components for a minority gate; 
the reference will be made to minority gate Q2620. 

1. Counter MINUS information at P11 pin 5 is inverted by 
Q2977 and applied as Counter MINUS to resistor R2618. 

2. Counter 1 information_from P11 pin 17 is inverted by 
Q2817 and sent as Counter 1 to R2616. 

3. Upper 1 information comes from PI] pin CC through 
R2611 to the emitter of Q2613. Since Q2613 is in a common 
base configuration, the Upper 1 information is not inverted 
by Q2613 and it goes from the collector of Q2613 to R2612. 

Resistors R2612, R2616, R2618, and R2619 are tied to the 

base of Q2620. The other end of R2619 is returned to +169 
volts.© The emitter of @Q2620 is returned to +12 volts. 
Whenever two or more of the three input resistors are return- 
ed to a high, the voltage at the base of Q2620 is more pos- 
itive than that of its emitter, and Q2620 is in an off condi- 

tion. The off condition of Q2620 sends a low to R2620, one 

of the input resistors of the next minority gate. If two or 
more of the three resistors at Q2620 base (R2612, R2616, and 

R2618) are returned to a low, the voltage at the base 

of Q1620 will be more negative than its emitter, turning the 
transistor on. An on condition sends a high to R2620. 

Transistor Q2631 has the following three inputs: 

1. The Ones information from the collector of Q2620 

through R2620. 

2. Upper 2 information from P11 pin 26 is sent to R2622. 
R2622 is connected to R2624 and the base of Q2624. The 
other end of R2624 is returned to +12 volts. The upper 2 
information at the base of Q2624 is inverted by Q2624 to 
Upper 2 information at the collector of Q2624. From the col- 

54.50 V is used in Limit card Model 1. 
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Fig. 4-43. Circuit diagram illustrating minority logic. 
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lector of Q2624 Upper 2 goes to R2628, the second input to 
minority gate Q2631. 

3. Counter 2 information enters at Pl] pin Z, and is sent 
directly to R2626, the third input to minority gate Q2631. 

R2629 is returned at one end of —4.9 volts®. The other 

end of R2629 connects to the junction of R2626, R2628, 

R2620, and the base of Q2631]. The emitter of Q263]1 is at 

ground, and the collector connects to R2631, one of the in- 

puts to the next minority gate Q2640. When two or more of 
the inputs to the minority resistors (R2620, R2624, and R2628) 

are low, the voltage at the base of Q2631 is more negative 
than its emitter. The off condition of Q2631 sends the mi- 

nority, a high, to R2631. If two or more inputs to the minor- 
ity resistors are high, Q2631’s base is more positive than its 

emitter, turning it on. The on condition of Q263] causes a 
low to be sent to R263]. 

Upper Limit Comparator 

To further the understanding of the upper limit compara- 
tor, four examples will be given. 

Example One 

Upper Limit Setting ............... eee +1234 

Nixie Readout ....... ccc cece cece eee ees +1232 

In this case, the following inputs to P11 are low: 

Upper P11 Pin Counter P11 Pin 

4 DD 2 Z 

10 EE 10 1] 

20 19 20 21 

200 P 200 12 

1000 R 1000 F 

The remainder of the Upper and Counter inputs to P1] 
are high, as shown in Fig 4-44. 

The first comparison is at minority gate Q2620 and asso- 
ciated components. The minority gate has three inputs: 
Counter 1, a low (C1 is the Counter 1 information inverted 

by Q2817); C MINUS, a low, from the collector of Q2977; 

Upper 1 from P11 pin CC, which is high. The low-low-high 
input to the minority gate turns Q2620 on and passes a 
high fo the next minority gate (Q2631 and associated 
components}. 

The high at R2620 is the first input to minority gate Q2631. 
Upper 2 at P11, pin 26, is high. After passing through divid- 
er R2622 and R2624, Upper 2 is inverted to a low by Q2624. 
This low to R2628 is the second minority input to Q2631. The 
third input is a low from P11 pin Z, the Counter 2 informa- 
tion. Counter 2 comes through R2626 to the base of Q2631. 
The input of high-low-low at the base of Q2631 turns it off, 
sending a high to R2631. 

Resistor R2631 is one input to the next minority gate 
{Q2640 and associated components}. The second input 
comes from P11, pin DD, the Upper 4 information. Upper 4, 

5... 50 V used in Model 1. 
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a low, is sent through R2633 to the emitter of Q2633 whose 
base is returned to +3.8 volts. At the collector of Q2633 
the low goes to the second minority resistors, R2634. The 

third information is sent from P11 pin 14, the Counter 4 in- 
put. Counter 4 is high, held to +12 volts by D2836, whose 
anode is connected to Counter 4 and whose cathode is re- 
turned to +12 volts. When Counter 4 input is released by 
the transistor driver in the Counter board, R2836 pulls up on 

the Counter 4 input line. The Counter 4 line stops going up 
at about +12 volts when D2836 turns on. The Counter 4 
high is passed through R2837 to the base of Q2837. The 
high at the base of Q2837 is inverted to Counter 4, a low, 
and sent to R2638. The high-low-low input to Q2640 turns 
it on, sending a high to R2640. R2640 is the first input to the 
next minority gate (Q2651 and associated components). 

Counter 8 is high and comes from P11 pin Y. The Counter 
8 input goes to R2646, the second input to the minority gate. 
Upper 8 comes from PII, pin 23, through R2642 and R2644, 
to the base of Q2644, Transistor Q2644 inverts Upper 8 to 
a low which is applied to R2648. A high-high-low to the 
base of Q@2651 turns it on, sending a low to the next minor- 
ity gate (Q2660 and associated components). The Upper 10 
information at Pll pin EE is low, and passes through 
R2653 to the base of Q2653. The low at the base of Q2653 
is not inverted by the transistor, and the low appears at one 
end of R2654 as the second input to minority gate Q26é60. 
Counter 10 information at P11, pin 11, is a low. The Counter 

10 is inverted to a high by Q2857, and is sent to R2658 as 
the third input to minority gate Q2660. The low-low-high at 
the base of Q26é0 turns it on, sending a high to R2660, part 
of minority gate @2671. 

Upper 20 information, a low, appears at P11 pin 19 and 
‘goes to voltage divider R2662-R2664. From the junction of 
the voltage divider the Upper 20 information goes to the 
base of transistor Q2664, which inverts the low to a high. 
This high goes to R2668, the second input to the minority 
gate. The third input, Counter 20, is low, and comes from 

P11 pin 21 to R2666. The high-high-low at the base of Q2671 
turns it on, sending a low through R2671, an input to the 
next minority gate (Q2680 and associated components). 

Upper 40 information from P11 pin 27 is sent through 
R2673 to the emitter of Q2673. The high at the emitter of 
Q2673 is not inverted, and appears at the collector of 
Q2673 as a high. The high is sent to R2674, the second input 
fo minority gate Q2680. Counter 40 information at P11 pin 
9 is high. This high goes to the base of Q2877 for inversion 
to a low. The low at the collector of Q2877 is sent through 
R2678, the third input fo the minority gate. The low-high-low 
information at the base of Q2680 turns it on, sending a high 
from its collector fo R2680, an input to the next minority gate 
(transistor Q2691 and associated components}. 

Upper 80 information, a high, comes from P11 pin 15, 
and is sent through voltage divider R2682-R2684 to the base 

of Q2684. A low at the collector of Q2684 is sent through 
the second input of the minority gate, R2688. Counter 80 in- 
formation at P11 pin U is a high. The high goes fo the third 
input of the minority gate through R2686. A high-low-high at 
the base of Q2691 turns on the device, delivering a low to 
the next minority gate (Q2700 and associated components) 
through R2691. 

The Upper 100 information at Pll pin 16, a high, is fed 

through R2693 to the emitter of Q2693. The high at the col- 
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Fig. 4-44. Example 1. 

lector of Q2693 is sent to R2694, the second input to 
the minority gate. Counter 100, a high, appears at P11 pin 
8. This Counter 100 information is sent through R2897 to the 
base of Q2897, where the high is inverted to a low at the 
collector of Q2897. The Counter 100 at the collector of 
Q2897 is sent through R2698, the third input to the minority 
gate. The low-high-low at the base of Q2700 turns the tran- 
sistor on, sending a high to the next minority gate through 
R2700. 

Upper 200 information at P11 pin P is a low. The Upper 
200 information is fed through voltage divider R2702-R2704 
to the base of Q2704, is inverted by Q2704, and sent as a 

high to R2708, the second input to the minority gate. The 
third input to the minority gate, Counter 200, comes from P11 
pin 12. The Counter 200 information is a low, and is fed 

through R2706 to the base of Q2711,. The high-high-low at 
the base of Q2711 turns it on, and a Jow at its collector is 

sent to R2711, one input to the next minority gate (Q2720 
and associated components). 

The Upper 400 information at P11 pin S is a high and is 
sent through R2713 to the emitter of Q2713. No inversion oc- 
curs between emitter and collector of Q2713, so a high is 
sent through R2714, the second input to the minority gate. 
Counter 400 information is high, and comes into the Limits 
card at P11, pin 7. The high information (Counter 400) goes 
through current-limiting R2917 to the base of Q2917. The 
Counter 400 is inverted to Counter 400 at the collector of 
Q2917, and is sent as a low to R2718, the third input to the 

base of Q2720. The low-high-low at the base of Q2720 turns 
it on, sending a high to the next minority gate (Q2731 and 
associated components} through R2720. 

Upper 800 information at Pl] pin N is a high and goes 
through voltage divider R2722-R2724 to the base of Q2724. 
The low at the collector of Q2724 is fed through R2728, the 
second input to the minority gate. Counter 800 information 
at P11 pin L is a high, and goes through R2726 as the third 
input to the base of Q2731. The high-low-high at the base 
of Q2731 turns it on, sending a low through R2731, one input 
to the next minority gate (Q2740 and associated components). 

Comparison of +1234 upper limit with +1232 count. 

Upper 1000 information from P11 pin R is a low and goes 
through R2733 to the emitter of Q2733. The low at the col- 
lector of Q2733 is sent through R2734 as one input to the 
minority gate. Counter 1000 at P11 pin F is a low and goes 
through R2937 to the base of Q2937. The Counter 1000 at 
the collector of Q2937 is a high, and is fed through R2738 
as the third input to the minority gate. The low-low-high at 
the base of Q2740 turns it on, sending a high through R2740 
as one input to the next minority gate (Q2751 and associa- 
ted componenis). 

Upper 2000 at P11 pin H is a high and goes through volt- 
age divider R2742-R2744 to the base of Q2744. The low at 
the collector of Q2744 is sent through R2748, the second in- 
put to the minority gate. Counter 2000 information comes 
from P11 pin J through R2746 as the third input to the minor- 
ity gate. The high-low-high at the base of Q2751 turns it on, 
sending a low through R2751, one input to a NAND gate 
composed of R275], R2754, R2759, and Q2760. The low at 

the collector of Q2751 also goes to the cathode of D2753, 
which is part of an OR gate composed of D2753 and D2778. 

The Upper MINUS at P11 pin 6 is a high, and goes 
through R2753 to the emitter of Q2753. The high at the col- 
lector of Q2753 goes through R2754, the other input to 
NAND gate R2751-R2754-R2779-R2760. This NAND gate re- 
quires a low-low input in order for Q2760 to conduct and 
deliver a high output. The information at the NAND gate’s 
input is low-high and @Q2760 is turned off, sending alow 
through R2760. Resistors R2760-R2761-R2771-R2772 form a 
two-input AND gate. 

Since Counter MINUS from P11 pin 5 is a high, the collec- 
tor of Q2751 is a low, the OR gate (D2753-D2778) has 

a high-low applied, and is sending a low to the AND gate 
(R2760-R2761-R2771-R2772). The other input to the AND gate 
is a low-low, which sends a low to Q2771's base. The low- 

low turns Q2771 off, sending a high from the collector of 
Q2771 to Pll pin 2. A high at P11 pin 2 indicates that the 
Counter input is not greater than the Upper Limit setting. 
This information is sent to the limit lamp storage section of 
the Counter board. 
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Fig. 4-45. Example 2. Comparison of +1234 upper limit with +1235 count. 

Example Two 

Upper Limit Setting ................005. +1234 

Nixie Readout 1.0... .. cece ccc cece +1235 

The illustration in Fig. 4-45 is a simplified logic diagram 
of the upper limit comparator. The binary inputs are such 
that the Count input is exceeding the Upper Limit setting. All 

of the lines coming into the top of the comparator string are 
Upper Limit information lines. Each of the odd inputs to the 

comparator string is inverted, such as Counter 1, Upper 2, 

etc. The diagram shows that the Counter and Upper Limit 
inputs after comparison cause a low (GREATER) to be sent 

to the limit lamp storage circuits for readout. 

Example Three 

Upper Limit Setting ................205. +0001 

Nixie Readout ............ 20002 e eens —0002 

The illustration in Fig. 4-46 is another logic diagram of 
the upper limit comparator. The binary inputs are such that 

although the Count exceeds the Upper Limit in numerica! 
quantity, the negative Count is considered to be algebrai- 
cally less than the positive Limit. The output of the upper 

limit comparator is therefore a high signifying GREATER to 
the limit lamp storage section. 

Example Four 

Upper Limit Setting .................... —1234 

Nixie Readout ......... 0. cece eee eee —~1232 

The illustration in Fig. 4-47 is a logic diagram of the up- 
per limit comparator. The binary inputs are such that both 
the Count and Upper Limit are negative. Although the abso- 
lute value of the Upper Limit is greater than the absolute 
value of the Count, the negative Upper Limit is considered 
algebraically less than the negative Count. The upper limit 
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comparator sends an output of a low indicating to the lamp 

storage section that the Count is exceeding the Upper Limit. 

Lower Limit Comparator 

The lower limit comparator functions exactly as the upper 

limit comparator, with the exception of the output section. 

This discussion will cover an explanation of the output sec- 
tion of the lower limit comparator and one example of a 
lower limit comparison. 

The output of the 2000’s minority gate is seen at the col- 
lector of transistor Q2951. This information is fed to a NOR 
gate composed of resistors R2951, R2958, R2959, and transis- 
tor Q2960. The other information to the NOR gate is Coun- 
ter MINUS coming in at R2958. A low at either input to the 
NOR gate is sufficient to turn Q2960 on, which would send 
a high through resistor R2960 to a majority gate composed 
of R2960, R2962, R2974, R2971 and R2972. 

The output of the 2000's minority gate is also fed directly 
to the cathode of D2953 to form one input to a two-input 
OR gate. The other input to the OR gate comes through 
D2978 as Counter MINUS. Counter MINUS information 
from P11 pin 5 is sent directly to R2958 of the NOR gate 
mentioned in the previous paragraph, and is also sent 

through voltage divider R2977-R2978 to the base of Q2977, 
where it is inverted to become Counter MINUS, The Counter 
MINUS information and the output of the 2000's minority gate 
combine in the OR gate and send information through R297] 
as the second input to the majority gate. Lower MINUS in- 
formation from P11 pin 4 comes through D2973 to the emit- 
ter of Q2974. The information at the collector of Q2974 is 
sent through R2974 to form the third input of the majority 
gate. The majority gate will pass the majority of the input 
information (e.g., a high-high-low would cause a high; a low 
-low-high would cause a low) to Q2971, the output transistor 

for the lower limit comparator. The information at the col- 
lector of @2971 is sent to the limit lamp storage circuit on 
the Counter board. A high at the collector of Q2971 indi- 
cates that the Count does not exceed the Lower Limit. A low 
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Fig. 4-46. Example 3. Comparison of 

at the collector of Q2971 indicates that the Count does ex- 

ceed or is lower than the Lower Limit. 

Example Five 

Lower Limit Setting 

Nixie Readout 

The illustration in Fig. 4-48 is a logic diagram of the lower 
limit comparator. The binary information inputs are such 

that although the Count is numerically greater (not less) than 
the Lower Limit setting, the opposite polarities of the two 
quantities causes a low at the output of the comparator. The 
low indicates that the Count is less than the Lower Limit. 

CRT INTENSIFICATION CIRCUIT 

The CRT Intensification card is composed of two separate 

40001 upper limit with —002 count. 

sections; the intensification section and the scaling logic 
section. 

Intensification Section 

The intensification section (see Fig. 4-49) furnishes the CRT 

Z axis section of the Type 568 with intensification commands 
in the form of logic levels. As in the other parts of the Type 
230, a logical “one” is a low or less positive level, and a 

logical “zero” is a high or more positive level. 

The intensification command goes to the Type 568 from 

P10 pin B (see circuit dtagram). P10 pin B is controlled by a 
six-input OR gate composed of Q26-Q36-Q46-Q56-Q66-Q76. 

When all six of the transistors are in the off condition, their 

output will be high. If any of the transistors are on, a low 
is sent to the CRT cathode to cause more trace intensity. The 

six inputs to the OR gate are separately controlled by AND 

gates. These will be discussed in the following paragraphs. 

U UPPER LIMIT —1234 

ul u4 v10 u40 100 u400 1000 U MINUS 

: - — — — — —u. low 
U2 us U20 Uso U200 usoo 2000 

}}} tt} E PPT Ly 4 ws 
high | low | low | low | low | high | high | low | high | high | high | low | low | low 

low 
C MINUS | low «high high low high low high low high low high low high low 

high 

low | low [| low | high | high | low | low | high | low | low { low | high | high | high 

Pt tt t ft Fa I t iow 
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low 
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Fig. 4-47. E ple 4. Comparison of —1234 upper limit with —1232 count. 
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Fig. 4-48. Comparison of +1201 lower limit with —2512 count. 

The alternate information at P10 pin A is high when the 
vertical plug-in is switched to channel A, low when the ver- 
tical plug-in is switched to channel B. or alternately high 
and low for channel A and B when the vertical plug-in is in 
the alternate or chopped mode. If the information at P10 
pin A is high, it turns Q13 on, which sends a low to one in- 
put of the AND gate composed of D25, D23, and Q21. The 
second input to the AND gate is D23, which receives 0% 

BRIGHTEN information from P10 pin 1. The 0% BRIGHTEN 
information is controlled by the REFERENCE ZONES selector 
on the Type 230 front panel. The third input to the AND 

gate is the A 0% ZONE pulse from the Zone Generator cir- 

cuit, The 0% ZONE pulse enters at P10 pin C and goes to 
the base of Q21, whose emitter is tied to D23 and D25 cath- 

odes. In order for the A 0% ZONE to be displayed as an 
intensified portion of the Type 568 display, there must be a 
low at the inputs of Q21, D23 anode, and D25 anode. This 
condition causes the AND gate to send a low to the OR 
gate, turning Q26 on, which intensifies the trace for the dura- 
tion of the A 0% ZONE pulse. 

The second input to the six input OR gate is at the base 
of Q36, which is tied to the emitter of Q31 and the cathodes 

of D35 and D33. If the information at P10 pin A (ALTER- 
NATE) is high, Q13 is on, sending a ow to the anode of 

D35. This enables one input of AND gate D35-D33-Q31. The 
second input to the AND gate comes from the Type 230 
front panel REFERENCE ZONES selector through P10 pin 2 
as 100% BRIGHTEN information. This information at P10 
pin 2 is sent to the anode of D33 and must be low in order 
for the AND gate to enable 100% ZONE information. The 
100% ZONE information comes from the 100% Zone Gen- 

erator, enters P10 at pin D and goes to the base of Q31. 
When the 100% zone occurs, a low is put on the base of 

Q31 which enables the third input of the AND gate control- 
ling Q36. If the AND gate sends a low to Q36, it will turn 
on and intensify the trace for the duration of the 100% 
ZONE. 

The third input to the six-input OR gate is at the base of 
@46, which is controlled by D45, D43, and Q41. These three 
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components comprise a three-input AND gate. The ALTER- 

NATE information from P10 pin A, after buffering is applied 
to the anode of D45, When the B channel of the vertical 
plug-in is selected, P10 pin A is low, which enables the D45 
input to the AND gate. The 0% BRIGHTEN level at P10 pin 
1 is sent to the anode of D43. If this level is low, it enables 

the D43 input to the AND gate. The third input is the B 0% 
ZONE pulse from the B Zone Generator card. B 0% ZONE 

comes into P10 at pin E to the base of Q41. If all three of 
the inputs to the AND gate are low, the AND gate sends a 
low to the base of Q4é, turning it on. The on condition of 
@46 will intensify the Type 568 trace for the duration of the 
B 0% ZONE pulse. 

The fourth input to the six-input OR gate is at the base of 
Q56, which is controlled by an AND gate comprised of D55, 
D53, and Q51. The ALTERNATE level from J10 pin A, after 

buffering is applied to the anode of D55. When the B chan- 
nel of the vertical plug-in is selected, P10 pin A is low, which 
enables the D55 input of the AND gate (D55-D53-Q51}. The 

100% BRIGHTEN level at P10 pin 2 is sent to the anode of 

D53. If this level is low, it enables the D53 input to the AND 
gate. The third input to the AND gate is the B 100% ZONE, 

which enters P10 via pin F to the base of Q51. If the B 
100% ZONE pulse is present (low), the AND gate’s third in- 

put is enabled. When all three of the inputs are low, the 
AND gate sends a low to the base of Q56, turning it on. 
Thus the Type 568 trace will be intensified for the duration 
of the B 100% ZONE. 

The fifth input to the six-input OR gate (Q26-Q36-Q46-Q56 
-Q66-Q76) is at the base of Q6é6, which is controlled by a 
five-input AND gate composed of Dé67, D66, D65, Q63 and 
Qé61. ALTERNATE information at P10 pin A is inverted by 
transistor Q13 and goes to the anode of D67 to form the 
first input of the five-input AND gate. If P10 pin A is high, 
Q13's collector will be low, enabling the D67 input to the 
AND gate. MEASURE BRIGHTEN level at P10 pin 3 is low 
when the Type 230 front panel TIME MEASUREMENT switch 
is ON. This level is sent to the anode of D66 to enable the 
second input to the AND gate. The VOLTS input at P10 pin 

—
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Fig. 4-50. Scaling logic diagram. 

J comes from the start and stop comparators. In order for 
P10 pin J to be low, the Type 230 must be in either internal 

time measurement mode or externally programmed for time 

measurement. If the Type 230 is in a time measurement 
mode, the D65 input to the AND gate will be enabled. MEA- 
SURE ZONE from the Clock card comes from P10 pin H to 
the base of Q63 to form the fourth input to the AND gate. 
The fifth input at the base of Qél is controlled by a two-in- 
put OR gate composed of Dé] and Dé62. The inputs to the 
two diodes are at P10 pins 4 and 5. Both pins are furnished 
information by the B SIGNAL outputs of the start compara- 
tor and the stop comparator. Whenever measurements are 

being made of the A signal, the B SIGNAL inputs will be 
low, enabling the intensification of the time measurement of 

the A signal. Conversely, if the time measurement is of the 

B signal, P10 pins 4 and 5 will both be high, and intensifica- 
tion of the Channel A trace is inhibited. When all five inputs 
to the AND gate are low, the AND gate will send a low to 
the Q66 input of the six-input OR gate, which will then inten- 
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sify the trace for the length specified by the MEASURE ZONE 
waveform. 

The sixth input to the OR gate is at the base of Q76. The 
base of Q76 is controlled by a five-input AND gate. This 
AND gate is composed of D77, D76, D75, Q73, and Q71. 

The ALTERNATE information from P10 pin A, after buffering, 
is applied to the anode of D77. P10 pin A must be in a low 
state (channel B) in order to enable the D77 input to the 

AND gate. MEASURE BRIGHTEN at P10 pin 3 comes into 
the AND gate at the anode of D76. MEASURE BRIGHTEN 
must also be low to enable the second input to the AND 
gate (D76 anode). VOLTS from P10 pin J comes into the 
AND gate af the anode of D75. When VOLTS is low, the 
D75 input to the AND gate is enabled. MEASURE ZONE at 
P10 pin H to the base of Q73 is the fourth input to the AND 
gate. It also must be low to enable the AND gate. The fifth 
input to the AND gate is at the base of Q71. It is controlled 
by a two-input OR gate comprised of D71 and D72. The A 
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SIGNAL from the start comparator comes in at P10 pin 6 to 
the cathode of D71. The A SIGNAL from the stop compara- 
tor enters at P10 pin 7 and goes to the cathode of D772. 
Either of P10 pins 6 or 7 low will send a low to the AND 
gate, enabling the Q71 input. This in turn will (if all five in- 
puts are low} turn Q76 on and intensify the trace for the time 
duration of MEASURE ZONE. 

The following table is a list of input combinations which 
will intensify the Type 568 trace. As far as this circuit’s logic 

is concerned, it is possible for the trace to be intensified by 
more than one combination simultaneously. In the table be- 
low, a 1 signal is equal to a low, a 0 is equal to a high. The 
symbol ¢ signifies ‘don't care.’ Each horizontal line and tts 
binary combination represents one case where intensification 
will occur. 

Scaling Section 

The scaling logic section of the CRT Intensification card is 
a group of logic gates which enable the correct “common” 
lines to the vertical and the horizontal plug-in units. Enabl- 
ing one of the plug-in “commons” allows it to control the 
scale factor of the front panel readout. 

Fig. 4-50 shows the logic diagram of the scaling logic sec- 
tion of the CRT Intensification circuit and a truth table illus- 
trating the input conditions required to attain a particular 
enabling output. As in the remainder of the instrument, a 
logical one is a low level, a logical zero is a high level. 

The EXTERNAL SCALE input at P10 pin 10 comes from the 
external programming input (J202 pin 26). When P10 pin 10 
is low, Q143 is off. Turning Q143 off disconnects the emit- 
ters of Q103, Q147 and Q133. Disconnecting the emitter of 
Q103 causes it to be off, and a high is at the collector of 
Q103. This high is sent to five places: 

1. A high at the emitter of Q107 will turn it off, and its 
collector moves high. The high at Q107’'s collector is passed 

to P10 pin K (HORIZONTAL DECIMALS and UNITS COM- 
MON) and disables the horizontal plug-in's capability to 
control the time measurement scale factor. 

(Model 2-up). 2. The second input from the collector of 
Q103 is a two-input NAND gate composed of R114 (from 
the collector of Q103) and QI11 and Q113. In order for 

Q113 to be on, the input end of R114 must be high and P10 
pin 12 (EXTERNAL SIGNAL B) must be high, holding Q111 in 

conduction. Both inputs are applied to the base of Q113. 

(Model 1). 2. The second input from the collector of 
Q103 is a two-input NAND gate composed of R111, R112, 
R113 and Q114. In order for Q113 to be on, the input end 
of R114 must be high and P10 pin 12 (EXTERNAL SIGNAL B) 
must be high. The input to P10 pin 12 comes through D111 
and voltage divider R111-R112-R113 to the base of Q113. 

3. The third input from the collector of Q103 is to a two- 
input NAND gate composed of R118 (from the collector of 
Q113}, R119 (from the collector of Q103), and Q123. The col- 

lectors of Q103 and Q113 must be both high in order to turn 
Q123 on and send a low to P10 pin M, the B + 1, 2, 5 en- 
abling output. 

4. The fourth input from the collector of Q103 is to the 
three input gate composed of R113 (from the collector of 
Q103, R131 (from the collector of Q123), and Q133. The 
emitter of Q133 is inhibited by an off condition of Q143 
which is off when the EXTERNAL SCALE input at P10 pin 10 
is low. In addition to Q133’s emitter being low, the collec- 
tors of Q103 and Q123 must be high for Q133 to be on. 
When Q133 is on, its collector sends a low to P10 pin L to 
enable the A DECIMAL, UNITS, COMMON in the vertical 

plug-in. 

5. The fifth input from the collector of Q103 is a three in- 
put gate composed of R148 (from the collector of Q103}, 
R146 (from the collector of Q113) and Q147. The emitter of 
Q147 is inhibited by an off condition of Q1]143 when the EX- 
TERNAL SCALE input at P10 pin 10 is low. In order for Q147 
to go on, EXTERNAL SCALE must be high, which pulls Q143’s 

collector low, and enables the emitter of Q147. In addition 
to an enabled emitter, Q147 must have a high at the collec- 
tors of Q103 and Q113. When Q147 is turned on, its collec- 

tor is low, and P10 pin N is low. The low at P10 pin N en- 
ables the B DECIMALS, UNITS, COMMON in the vertical 

plug-in. 

LOW VOLTAGE POWER SUPPLY 

General 

The low-voltage power supply circuit provides the oper- 

ating power for this instrument from six regulated supplies. 
Electronic regulation is used to provide stable, low-ripple 
output voltages. Each regulated supply contains a_ short- 

protection circuit to prevent instrument damage if a supply 
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is inadvertently shorted to ground. The power input stage ation F202 current rating is one-half of F201 and although 
“~ includes the Voltage Selector assembly. This assembly al- F201 is still in series with the primary, F202 takes protection 

lows selection of the nominal operating voltage regulating precedence over F201. 
range for the instrument, Fig. 4-52 shows a detailed block ; i, 
diagram of the power supply circuit. A schematic of this cir- The fan is connected across one half of the split-primary 
cuit is shown at the rear of this manval. winding so it always has about 115 volts applied to it. The 

Range Selector switch, SW 203, allows the instrument to regu- 
p 1 t late correctly on higher or lower than normal line voltages. 
ower Inpu Each half of the primary has taps above and below the 
Power is applied to the primary of T201 through the 115V 115-volt (230) nominal point. As the Range Selector switch, 

line fuse F201, POWER switch SW201, thermal cutout TK201, $W230 is switched from LO to HI, the turns ratio is decreas- 

Voltage Selector switch SW 202 and Range Selector switch ed, This provides a fairly constant voltage in the secondary 
$W203. Voltage Selector switch SW 202 connects the split of T201 even though the primary voltage has increased. 
primaries of T201 in parallel for 115-volt nominal opera- Thermal cutout TK201 provides thermal protection for this 
tion, or in series for 230-volt nominal operation. A second instrument. If the internal temperature of the instrument ex- 
line fuse, F202 is connected into the circuit when the Voltage ceeds a safe operating level, TK201 opens to interrupt the 
Selector switch is set to the 230-volt position to provide the applied power. When the temperature returns to a safe 
correct protection for 230-volt operation. For 230-volt oper- level, TK201 automatically closes to re-apply the power. 
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+ 50-Volt Power Supply 

The +50-Volt Supply (see Fig. 4-52) is the prime reference 
supply since it provides the reference voltage for the other 

supplies. The output from the secondary of 1201 is rectified 
by bridge rectifier D222. This voltage is filtered by C222 
and then applied to the +50-volt series regulator stage to 
provide a stable output voltage. The series regulator can 
be compared to a variable resistance which is changed to 
control the output current. The current through the series reg- 
ulator stage is controlled by the error amplifier to provide 
the correct regulated output voltage. Reference voltage for 

the comparator is provided by zener diode D225 which sets 
the base of Q222 at about +9 volts. The base level of 

Q224 is determined by voltage divider R230-R231-R232 be- 
tween the output of this supply and ground. R230 is adjust- 
able to set the output voltage of this supply to +50 volts. 
Q222-Q224 of the comparator responds to the change that 
R230 presents to the base of Q222 allowing the output current 
of the error amplifier stage to control the conduction of the 
series regulator stage. This output current changes fo main- 

tain equa! voltages at the bases of Q222 and Q224. This 
occurs as follows: If the +50 Volts adjustment (R230) is turn- 

ed clockwise, Q224 base and Q222-Q@224 emitters tend to 

go more positive than the base of Q222, and the current 
through Q222 increases. Increased current through Q222 pro- 
duces more voltage drop across R235 and the base of Q224 
goes positive. This results in a decrease in current through 

Q224, allowing the base of Q247 to go more negative. The 
base of @Q247 going more negative decreases current 

through @247 and the load, thereby decreasing the output 
voltage. This reduces the voltage across divider R230-R231- 
R232 and the divider action returns the base of Q224 to 
about +9 volts. A similar but opposite action takes place 

when R230 is turned counterclockwise so the base of Q224 
is more negative than the base of Q222. The + 50-Voit ad- 
justment, R230, is set to provide a +50-volt level at the out- 
put of this supply. 

The output voltage is regulated to provide a constant 
voltage to the load by feeding a sample of the output back 
to the series regulator, Q247. For example, assume that the 
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Fig. 4-53. Simplified diagram of the +3.8 volt and +1.75 volt regulators. 
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output voltage increases {more positive) because of a 
change in load or an increase in line voltage. This positive- 
going level at the output is applied across voltage divider 
R230-R231-R232 and the base of Q224 goes positive also. 
This reduces the current flow through Q224. Increasing cur- 
rent through Q222 causes its collector fo go positive. When 
the collector of Q222 goes positive, the bias on Q224 is de- 
creased allowing the base of Q247 to go more negative. 
Reduced current through Q247 also means that there is less 
current through the load and the output voltage decreases 
(less positive), In a similar manner, the series regulator and 
error amplifier stages compensate for the output changes 
due to ripple. 

The short-protection amplifier stage, Q234, protects the 
+50-Volt Supply if the output is shorted. For normal opera- 
tion, the emitter-base voltage of Q234 is not enough to bias 
it on. However, when the output is shorted, high current 
flows through R247. The voltage drop across R247 becomes 
sufficient to forward bias Q234 and its collector current pro- 
duces an increased voltage drop across R227. The increased 
voltage drop across R227 reduces the current flow of both 
Q244 and Q247 to limit the output current. Further limiting 
of the output current is provided by voltage divider R237 
and R238 which senses the increase in unregulated voltage 
across Q247, and adds to the increasing base current of 
Q234, This results in a further decrease of current through 
R247 and Q247. 

+12-Volt Supply 

Full wave rectified voltage for operation of the +12-Volt 
Supply is provided by D252-D253. The voltage is filtered by 
C253 and connected to the +12-volt series regulator stage 
to provide a stable output voltage in a manner similar to 
that described for the +50-Volt Supply. For example, as- 
sume that the output voltage increases {more positive} be- 
cause of a change in load or an increase in line voltage. 
This positive-going level is applied to the base of Q261 
through R268. The current in the differential amplifier (Q263- 
Q261) is shifted so that more current flows through Q261 
than through Q263, The current through R267 also increases, 
which causes the base of emitter follower Q253 to go more 
negative. This in turn causes the emitter of series regulator 
transistor Q277 to go more negative. This action restores the 
+12-Volt Supply back to the preset value determined by 
voltage divider R260-R261-R262. 

Shorting protection is provided by R276-R277-R273-R257 
and @273. R257 and R273 are provided to sense the line 
voltage relative to the +12-Volt Supply. It is desired to 
limit the current at a lower value at high line voltage than 
at low line voltage. This provides protection for Q277. 
R276-R277 sense the current flowing through Q277. Voltage 
divider R273-R257 contributes a small positive voltage in ad- 
dition to the voltage drop across R276-R277 at the base of 
Q273. The higher the line voltage the greater the voltage 
contribution from R273-R257 to the base of Q273. When suf- 
ficient current is drawn from the supply, Q273 will be turned 
on and the supply voltage will collapse, because Q273 has 
depleted the current available to Q253 to maintain the sup- 
ply at +12 volts. 

Circuit Description—Type 230 

+3.8-Volt, +1.75-Volt and —3.5-Volt 
Supplies 

Power for these supplies is taken from one source. The 
output from the secondary to 1201 is rectified by two separ- 
rate full wave rectifiers D282-D283 and D284-D285, D282- 
D283 rectifiers supply a positive voltage which is filtered by 
C283 and then applied to the +3.8-volt series regulator 
stage. D284-D285 supplies a negative voltage which is fil- 
tered by C284 and then applied to —3.5-volt series regula- 
tor stage. Both the +3.8-Volt and 3.5-Volt Supply regulator 
circuits operate in a manner similar to the supplies describ- 
ed previously. 

Operation of the +1.75-Volt Supply is as follows: 

The rectified voltage from D282-D283 is applied to series 
regulator and current sensing resistor R307 and shunt regula- 
tor Q327 to produce a +3.8-Volt Supply. The +1.75-Volt . 
Supply is derived from a voltage divider across the +3.8- 
Volt Supply (see Fig. 4-44). The voltage divider consisting of 
R326-R327-Q327 connected between the +3.8-Volt Supply 
and ground drops the +3.8 volts fo +1.75 volts. To main- 
tain a constant voltage drop across R326, a sample of the 
1.75 volts is referred to the error amplifier, allowing shunt 
current regulator Q327 to adjust the current through R326 to 
a constant value. This provides a constant +1.75 volt out- 
put with varying load. R290 (+3.8 Volts) and R310 (+1.75 
Volts} are controls to set the output voltages of these sup- 
plies to their required values. As this supply is derived from 
the +3.8-Volt Supply, any excessive current of the +1.75- 
Volt Supply will flow through the short circuit protection 
sampling resistor, R307, which provides the same protection 
to the +1.75-Volt Supply as fo the +3.8-Volt Supply. D310- 
D311 are temperature compensating diodes used fo main- 
tain the voltage output constant, resulting in constant logic 
levels from the integrated circuits using this voltage supply. 

—50-Volt Supply 

Bridge-rectifier D452 provides the rectified voltage which 
is connected fo the — 50-volt series regulator. Reference volt- 
age for this supply is provided by voltage divider R360- 
R361-R362 between the regulated +50 volts and the output 
of this supply. Since the +50 volts is held stable by the 
+50-volt regulator circuit, any change at the base of error 
amplifier Q363-Q361-Q374 and series regulator Q347_ is 
compensated in a manner similar to that described for the 
+50-Volt Supply. The —50-Volts adjustment, R360, sets the 
quiescent conduction level of the error amplifier stage to 
provide an output level of —50 volts. 

Shorting protection is provided by Q383 and R487 in a 
manner similar to the other supplies. 

+255-Volt Supply 

Half wave rectification for operation of the +255-Volt 
Supply is provided by D212 in conjunction with the regu- 
lated +50-Volt Supply as a “booster” voltage. The voltage 
is filtered by an RC type network composed of C212A- 
C212B-R212-R215 and connected to an emitter follower type 
regulator (Q2343), located on the Counter circuit board. This 
circuit provides partial regulation of +200 volts by the use 
of the regulated +50-Volt Supply and neon B2341. 
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Type 230 

SECTION 5 

MAINTENANCE 

Introduction 

This section of the manual provides information on pre- 
ventive maintenance for servicing the Type 230, troubleshoot- 
ing procedures for locating trouble, and corrective main- 
tenance for repairing the instrument. Preventive maintenance 
performed on a regular basis helps prevent instrument 
failure and improves the mechanical and electrical reliability 
of the instrument. if trouble should occur in the instrument, 
corrective maintenance should be performed immediately to 
prevent additional damage and to restore the instrument to 
its proper operation. 

PREVENTIVE MAINTENANCE 

Preventive maintenance consists of cleaning, lubrication, 
visual inspection and recalibration. The Type 230 should be 
checked every 1000 hours of operation or every six months, 
whichever occurs first. If the instrument is subjected to 
adverse environmental conditions such as excessive dust, 
high temperature or high humidity the frequency of the 
checks should be increased. 

Access to the Interior 

The top and bottom dust covers of the Type 230 can be 
easily removed for access to the internal circuitry. The 
covers are secured to the frame with slotted-head fasteners 
that can be releasd by turning each fastener 1/4, turn counter- 
clockwise. The covers should be re-installed on the instru- 
ment for normal operation to keep out dust and provide 
proper distribution of the air flow. 

The front panel is hinged and can be opened for access 
to the circuit cards, front panel switches, etc. To open the 

front panel, unscrew the two slotted thumbscrews at the left 
side of the front panel and swing the front panel out and 
to the right. 

Cleaning 

Clean the instrument often enough to prevent accumula- 
tion of dirt. Dirt on the components acts as a thermal insu- 
lating blanket preventing heat dissipation and it may provide 
electrical conducting paths. 

Air Filter. Under normal operating conditions the air 
filter should be checked every few weeks and cleaned if 
dirty. More frequent cleaning may be required if the instru- 
ment is used in a smoky or dusty environment. Remove the 
filter by pulling it out of the frame on the rear of the 
instrument. To clean the filter, wash it thoroughy in a mild 

detergent solution. Rinse the filter in clear water and let it 
dry; then coat it with an air-filter adhesive available from 
air-conditioner suppliers or from Tektronix (Part No. 066- 
0058-00). Let the adhesive dry thoroughly before re-installing 
the filter. 

@1 

Exterior. The outside of the instrument can be cleaned 
by wiping with a soft cloth. A small paint brush is useful 
in removing dust from the front-panel controls. Hardened 
dirt or grease may be removed with a soft cloth dampened 
in a water and mild detergent solution. Abrasive cleaners 
should not be used. 

Interior. Clean the interior of the instrument by loosening 
the accumulated dust with a dry, soft paint brush. Remove 

the loosened dust by vacuum or by blowing it out with a 
low-velocity stream of air. Any remaining dirt may be re- 
moved with a small cloth or a cotton-tipped applicator 
dampened with a solution of water and mild detergent. 
The plug-in circuit cards should be removed for individual 
cleaning. After cleaning the interior, allow the instrument 
to dry thoroughly before turning it on. 

Lubrication of Switches and Shaft Bushings. The life of 
selector switches and other moving parts can be lengthened 
by keeping them properly lubricated. Use a cleaning type 
lubricant (such as Cramoline) on shaft bushing, interconnect- 
ing plug contacts, and switch contacts. Use a heavier grease 
(Beacon grease No. 325 or equivalent) on switch detents. 
Do not over lubricate. The necessary materials and instruc- 
tions for proper lubrication of Tektronix instruments are 
contained in a component lubrication kit available from 
Tektronix. Tektronix Part No. 003-0342-00. 

Fan Oiling. During periodic servicing, the fan motor 
should be lubricated with a few drops of light machine oil 
(Anderol L826 available from Lehigh Company or Roton 
Distributors is recommended}. An_ industrial hypodermic 
needle and syringe is used to insert the oil through the rubber 
seal, as shown in Fig. 5-1. Hold the syringe at a 45° angle, 
pierce the rubber seal, then insert the needle about 14 inch 

and depress the plunger far enough to inject 3 or 4 drops 
of oil into the bearing. If a syringe and needle cannot be 
obtained locally, they may be ordered from Tektronix (Tek- 
tronix Part No. 003-0282-00 for the syringe; 003-0285-00 for 
the needle}. 

Visual Inspection 

After cleaning, the instrument should be carefully checked 
for such defects as poor connections, damaged parts, and 
improperly seated transistors and integrated circuits. The 
remedy for most visible defects is obvious; however, if heat- 
damaged parts are discovered, determine the cause of over- 
heating before the damaged parts are replaced. Otherwise 
the damage may be repeated. 

Transistor and Integrated Circuit Checks 

Periodic checks of the transistors and integrated circuits 
used in the Type 230 are not recommended. The best deter- 
mination of performance is the actual operation of the com- 
ponent in the circuit. Performance of the circuits is thoroughly 
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Fig. 5-1. Oiling the fan with a hypodermic. 

checked during recalibration; substandard transistors and 
integrated circuits will usually be detected at that time. 

Recalibration 

To insure correct and accurate measurements, the instru- 

ment calibrated should be checked each 1000 hours of 
operation or at least every 6 months. Performance Check 
and Calibration procedures are given in separate sections 
of this manual. 

The calibration procedure can be helpful in isolating major 
troubles in the instrument. In some cases, minor troubles 

not apparent during normal operation may be revealed 

and corrected during calibration. 

CORRECTIVE MAINTENANCE 

General 

Corrective maintenance consists of component replacement 
and instrument repair. Special techniques or procedures 
required to replace components in this instrument are 
described here. 

Obtaining Replacement Parts 

Standard Parts. All electrical and mechanical part re- 
placements for the Type 230 can be obtained through your 
local Tektronix Field Office or representative. However, 
many of the standard electronic components can be obtained 
locally in less time than is required to order them from 
Tektronix, Inc. Before purchasing or ordering replacement 
parts, consult the Parts List for value, tolerance and rating. 
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NOTE 

When selecting replacement parts, it is important 
to remember that the physical size and shape of 

a component may affect its performance at high 

frequencies. All replacement parts should be 
direct replacements unless it is known that a dif- 

ferent component will not adversely affect instru- 
ment performance. 

Special Parts. In addition to the standard electronic 
components, some special parts are used in the Type 230. 
These parts are manufactured or selected by Tektronix, 
Inc. to meet specific performance requirements, or are 
manufactured for Tektronix, Inc. in accordance with our 
specifications. These special parts are indicated in the Parts 
List by an asterisk preceding the part number. Most of the 
mechanical parts used in this instrument have been manv- 
factured by Tektronix, Inc. Order all special parts directly 
from your Tektronix Field Office or representative. 

Ordering Parts. When ordering replacement parts from 
Tektronix, include the following information: 

1. Instrument Type. 

2. A description of the part (if electrical, include circuit 
number). 

3. Tektronix Part Number. 

4. Instrument Serial Number. 

Soldering Techniques 

CAUTION 

Disconnect the instrument from the power source 
before soldering. 

Cirevit Card Soldering. It is best to remove the card 
from the instrument and place it in a holder in a position 
where both sides of the board are accessible. Use ordinary 
60/40 tin-lead solder with a 35- to 40-watt pencil-type 
soldering iron. A higher wattage soldering iron will sepa- 
rate the etched wiring from the base material. The tip of 
the iron should be clean and properly tinned for quick heat 
transfer to the solder connection. 

The following technique is suggested for replacing a com- 
ponent on a circuit card. 

1. Grip one lead of the component with a pair of needle- 
nose pliers. If the component is known to be defective, the 

leads may be cut near the component body for individual 
removal. 

2. Touch the tip of the soldering iron to the connection 
at the back of the board, then gently pull the lead out of 
the board and remove the soldering iron. 

3. A clean hole should be left in the board when the lead 
is removed. If not, clean the hole out by reheating the 
connection, and insert a sharp non-metallic object such 

as a toothpick into the hole. 

4, Remove each of the other leads and clean the holes 

in the same manner.
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5. Clean the leads of the new component and bend them 
to fit the holes in the circuit card. 

6. Insert the leads into the holes, making certain the 

component seats on the card in the same manner as the 
original. If it does not, reheat the connection and press 
the component into place. 

7. Apply the soldering iron and a small amount of solder 
to the connection at the back of the card. Use only the 
amount of solder required to form a good electrical con- 
nection. 

8. Check the front (component side) of the card to insure 

that the solder has wicked through the hole and onto the 
lead. On some cards it may be necessary to solder the 
lead on the component side of the card. If this is required, 
use a procedure similar to that described in step 7. 

9. Clip off excess leads extending beyond the solder 
connection and clean the card with flux-remover solvent. 

Ceramic Terminal Strip Sofdering. Solder containing 
about 3% silver should be used for soldering on ceramic 
terminal strips. Occasional use of ordinary 60/40 tin-lead 
solder is permissible, but its repeated use or the application 
of excessive heat will break the silver-to-ceramic bond in 
the terminal notch. Silver-bearing solder is available locally 
from electronic distributors or may be purchased in 1-pound 
rolls from your Tektronix Field Office. Order by Tektronix 
Part Number 251-051 4-00. 

Use the following technique when soldering on a ceramic 
terminal strip. 

1. Use a 40 to 75-watt soldering iron with a chisel-shaped 
tip. 

2. Clean and tin the tip of the iron with silver-bearing 
solder. 

3. Apply heat to the solder connection by touching the 
soldering iron tip to the side and base of the connection 
(Fig. 5-2). Do not apply pressure with the iron or insert the 
tip into the notch, as this may break or chip the ceramic 
strip. 

4. Use the minimum amount of heat required to make 
the solder flow freely. 

Fig. 5-2. Correct method of applying heat when soldering to a 

ceramic terminal strip. 
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5. Apply only enough solder to cover the leads; do not 
attempt to fill the notch with solder. 

6. Cut off any excess lead length extending beyond the 
connection and clean the ceramic strip with a flux-removing 
solvent. 

Metal Terminal Soldering. Use ordinary 60/40 tin-lead 
solder for soldering to metal terminals such as switch or 
connector terminals. A soldering iron with a 40 to 75 watt 
rating should be used and the tip of the iron should be 
properly cleaned and tinned. 

To remove a lead or solder a lead to a metal terminal 

use the following techniques: 

1. Hold the lead with a pair of long nose pliers. If the 
lead is insulated, be careful not to damage the insulation. 

2. Apply the soldering tip directly to the connection until 
the solder begins to melt. Do not apply excessive heat. 

3. Pre-tin all leads to be soldered to a connector terminal. 

Pre-tin by heating the lead and coating it with a small 
amount of solder. 

4, Use the minimum amount of solder required to form a 
good electrical connection. Excessive solder may impair the 

operation of the component or form a cold solder joint. 

Other Soldering Considerations. When soldering to a 
switch terminal, do not let the solder flow beyond or around 

the rivet holding the terminal on the switch wafer. The 
spring tension of the switch terminal may be destroyed and 
it will not make a good electrical connection. 

When soldering a short-lead component, heat shunt the 
lead (Fig. 5-3) between the soldering iron tip and the com- 
ponent using a pair of long nose pliers. 

After soldering any connection, cut off the excess length 
of the soldered lead. Be sure that these loose ends are not 
dropped into the instrument where they could cause elec- 
trical shorting. 

Fig. 5-3. Use of heat shunt to protect components during soldering. 

Replacement Procedures 

Ceramic Strip Replacement. To replace a damaged 
ceramic terminal strip, first unsolder all connections, then 
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pry the mounting studs attached to the strip out of the 
chassis. If prying is not satisfactory, remove the studs by 
fapping on the ends protruding from the reverse side of 
the chassis. Still another way to remove a ceramic strip is 
fo use diagonal cutters and cut off one side of each stud. 
The remainder of the studs can then be pulled out after 
the strip has been removed. 

If the nylon spacers do not come out with the studs, they 
may be left in the chassis or pulled out separately. The 
spacers, if not damaged, can be used with the new ceramic 
strip assembly. Replacement strips are supplied with mount- 
ing studs attached, so it is not necessary to salvage the old 
studs. 

When the damaged strip and stud assembly have been 
removed, place the spacers into the mounting holes in the 
chassis and press the mounting studs of the new strip assem- 
bly into the spacers. It may be necessary to tap lightly or 
apply some pressure to the ceramic strip to make the studs 
seat all the way down into the spacers. To avoid damage to 
the terminal strip use a soft-tipped tool for tapping, and 
apply force only to the portion of the strip directly above 
the mounting studs. Fig. 5-4 shows the assembled terminal 
strip. Cut off the excess length of the mounting studs extend- 
ing beyond the ends of the spacers. Resolder all compon- 
ents and wires in place as they were previously arranged 

(Note the soldering techniques described earlier). 

Noth UYU UU UU 

Chassis 

Fig. 5-4. Ceramic terminal strip assembly. 

Circuit Card Replacement. If the Counter circuit board 
or any of the plug-in circuit cards are damaged and cannot 
be repaired, the damaged card should be replaced with a 
new card. Replacement cards may be ordered either with 
or without circuit components wired in place. The Tek- 
tronix part numbers are given in the Mechanical Parts List 
Section of this manual. To obtain a replacement card with 
the components soldered in place, order the circuit card 
assembly. (An assembly does not include socket-mounted 
components.} 

If the Counter circuit board should need replacing, use 

the following procedure for removal and installation: 

1. Remove the two screws which secure the plug-in circuit 
card retainer bar to the front-panel swing-out. 

2. Disconnect all wires from the square-pin connectors. 
These wires may be tagged with the pin number for replace- 
ment, or the illustrations at the rear of this section may be 
referred to. 
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3. Remove the six screws securing the Counter circuit 
board to front-panel swing-out support spacers and remove 
the circuit board. 

4. Remove the four nuts securing the Readout tube cover 
to the circuit board. 

5. Remove the Readout tube cover by sliding the decimal 
indicator wires out through the hole in the Counter circuit 
board. 

6. Reverse the procedure of removal for installing a new 
circuit board. 

Switch Replacement. Individual parts of either a rotary 
switch or a lever switch are not normally replaceable. If 
one section of a switch is defective, the entire unit should 

be replaced. Replacement switches may be ordered either 
wired or unwired. Refer to the Electrical Parts List for the 
appropriate part number. When replacing a switch, tag 
the leads and switch contacts with corresponding tags. Use 
the old switch as a sample for wiring the new one, using 
the soldering techniques described earlier. 

Transistor and Integrated Circuit Replacement. Trans- 
istors and ICs should not be replaced unless they are actually 
defective. Unnecessary replacement or switching of com- 
ponents may affect the calibration of the instrument. If a 
transistor or integrated circuit is removed during routine 
maintenance, be sure it is returned to its original socket. 

Any replacement component should be of the original 
type or a direct replacement. Bend the leads to fit the 
socket correctly and cut off the leads the same length as 
the original component. Note the electrode configurations 
shown in Fig. 5-5. 

Some of the chassis-mounted power-supply transistors use 
silicone grease to increase heat transfer. Replace the silicone 
grease when replacing these transistors. 

WARNING 

Silicone grease should be handled with care and 

should be kept away from the eyes. Wash your 
hands thoroughly after using it. 

After any component is replaced, check the operation 
of that part of the circuit which may be affected. 

Indicator Lamp Replacement. The EXT HOLD, READY 
and LIMIT lamps on the front panel may be replaced. To 
remove the lamps, grip the lamp just behind the lens with 
the fingernails of two fingers or the thumb and middle 
finger. To replace the lamp, align the connectors with the 
socket and push the lamp into place. Refer to the Parts 
List for the appropriate part numbers. 

The plug-in relay assemblies are polarized and should be 
installed so that the plastic locating pin is aligned with the 
corresponding hole in the board. The assembly will not seat 
properly if installed backward. Use care in handling the 
assemblies, for they are delicate and should not be subjected 
to excessive shock. To replace a reed switch. 

a. Using a tube puller, lift straight up on the defective as- 
sembly. Take care not to bend the clips on the parent board. 

b. Using a toothpick or sharp instrument, push the reed 
switch out either end of the coil. The reed and holding block 
will slide out of the other end. (See Fig. 5-6.) 

c. Slide the replacement reed switch into the opened end 
of the assembly and replace the holding block. 

d. Re-install the repaired assembly on the parent board. 

® 
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PS. 

Reed vere EY
) 

Holding Block 

Fig. 5-6. Removal of Reed Switch. 

To replace the single reed switch, insert the switch into 

the coil. Center the switch in the coil and solder the two 

axial leads to the pin connectors on the circuit board. 

Power Transformer Replacement. If a complete check 
of the instrument shows that the power transformer requires 
replacement, notify your local Tektronix Field Office or 
representative for a warranty replacement (see the warranty 

note in the front of this manual). Be sure to use only the 
correct replacement for the power transformer. 

Fuse Replacement. Both line fuses are contained in 
plastic holders in the cover of the LINE SELECTOR ASSEM- 
BLY at the rear of the instrument. To remove the fuses, dis- 
connect the line cord from the power source and remove 
the cover of the assembly. Push on the end of the fuse to 

be removed and slide it out of the holder. Replace the fuse 
in a similar manner, being sure the cover fits snugly against 
the rear panel of the instrument. 

Use only the correct value replacement fuse. A smaller 
value will tend to blow out; a larger value will not provide 

adequate protection for the instrument. Only the upper fuse 
within the assembly (1.6-A) is used for 115-volt operation. 
However, for 230-volt operation both the upper fuse and 
lower fuse (0.8-A) must be installed. 

TROUBLESHOOTING 

Introduction 

The following information is provided to aid in locating 
and correcting trouble in the Type 230. Information in the 
Circuit Description, Calibration and Diagrams sections is 
also helpful when troubleshooting the instrument. 

Troubleshooting Aids 

Diagrams. Circuit diagrams are given in foldout pages 
in Section 10. The circuit numbers and electrical values of 
components, as well as significant voltages and waveforms 
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are shown on the diagrams. All front-panel and internal 
controls are given and all input and output connections are 

indicated. 

Circuit Boards. The figures at the rear of this section show 
the circuit boards used in the Type 230. Each electrical 

component is identified by its circuit number, and test points 

are indicated. The circuit boards are also outlined on the 
diagrams with a blue line. The use of these illustrations along 
with the diagrams will aid in locating test points and com- 
ponents mounted on the circuit boards. 

Switch Wafer Identification. Switch wafers shown on 
the diagrams are coded to illustrate the position of the 
wafer in the complete switch assembly. Rotary switch wafers 

are numbered from the front or mounting end of the switch, 

toward the rear. The letters “F'’ and “R” indicate whether 
the front or the rear of the wafer performs the particular 
switching function. 

Wiring Color Code. All insulated wire in-the Type 230 
is color-coded according to the EIA standard color-code (as 
used for resistors) to aid in circuit tracing. The widest color 
stripe denotes the first color of the code. Power-supply volt- 
age can be identified by the background color and three 
color stripes. A white background color indicates a positive 
voltage; a tan background, a negative voltage. 

TABLE 5-1 

Power Supply Wiring Color Code 

Supply Background Ist 2nd 3rd 
Color Stripe Stripe Stripe 

+250 Volt White Orange | Black Brown 

+50 Volt White Brown Green Black 

+12 Volt White Brown Red Black 

+3.8 Volt White Orange | Green Brown 

+1.75 Volt White Violet Red Black 

—3.5 Volt Tan Brown Red Black 

—50 Volt Tan Brown Green Black 

Resistor Color-Code. In addition to the brown composi- 
tion resistors, metal film resistors (identifiable by their grey 
or light blue color) are used in the Type 230. The resistance 
value of composition and metal film resistors is color-coded 
on the components with the standard EIA color-code. The 
color-code is read starting with the stripe nearest the end of 
the resistor. Composition resistors have four stripes consisting 
of two significant figures, a multiplier and a tolerance value. 
Metal-film resistors have five stripes which consist of three 
significant figures, a multiplier and a tolerance value. (See 
Fig. 5-7). 

Capacitor Markings. The capacitance value of common 
disc capacitors and small electrolytics are marked in micro- 

farads on the side of the component body. The white ceramic 
capacitors used in the Type 230 are color-coded in picofarads 
using a modified EIA code (see Fig. 5-7). 

Diode Color-Code. The cathode end of each glass- 
enclosed diode is indicated by a stripe, a series of stripes, or 

a dot. For metal-encased diodes, the anode and cathode 

are indicated by the direction in which the diode symbol 
is marked on the case. When the diode is a JEDEC register- 
ed device, aseries of stripes indicates the diode type number 
using the EIA color-code system. On diodes manufactured 
especially for Tektronix, a four-band color code system is 
used, the first band of which is either blue or pink. On the 

latter type of diodes, the last three bands identify the diode 
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Cc ition Resistors: P 

Metal-Film Resistors: 

Ceramic Capacitors: 

Q) (2) and @) —Ist, 2nd and 3rd significant figures; 

(™) —multiplier; @) —tolerance; 

(fc) —temperature coefficient. 

Resistor and Capacitor Color Code 

NoTE: (1) 
manufacturer and capacitor type. 

Signifi- Multiplier Tolerance 

cant Resis- |Capaci-| — Resis- Capaci- 
Color Figures | __ tors tors tors tors 

Silver --- 10-7 --- +10% --- 

Gold --- 10-7 +e +5% --- 

Black 0 1 1 --- +20% or 
2 pF* 

Brown 1 10 10 +1% +1% or 
0.1 pF* 

Red 2 10? 10? h2% 2% 

Orange 3 108 108 +3% +3% 

Yellow 4 10* 10 4% +100% 
—0% 

Green 5 10° 10° +0.5% | +5% or 
0.5 pF* 

Blue 6 10° 10° --- --- 

Violet 7 ae wo wee --- 

Gray 8 “+ 10-7 -+- +80% 
—20% 

or 0.25 pF* 

White 9 “es 10-4 --- +10% or 
1 pF* 

(none) --- --- wee +20% | 410% or 
1 pF* 

*For capacitance of 10 pF or less. 

and/or color code for capacitors depends upon 
May not be present in some cases. 

Fig. 5-7. 

within a class of part numbers (e.g., a diode color-coded 
blue-brown-grey-green probably indicates Tektronix Part 
Number 152-0185-00). When in doubt, consult the Parts List. 

Troubleshooting, External 
Familiarity with the normal operation of the instrument is 

of great assistance in locating trouble. Often an apparent 
malfunction is the result of improper or inadequate external 
connections to associated equipment. If apparent trouble 
occurs in the Type 230, consider the following preliminary 
checks before proceeding with extensive troubleshooting. 

Settings. Incorrect control settings of either the Type 230 
or the Readout Oscilloscope can give an indication of trouble 
that does not exist. Operate the front-panel controls to see 
if any operational problems are apparent. If there is doubt 
about the correct use of a control or the relationship between 
controls, refer to the Operating Instructions section of this 
manual. 

Check Associated Equipment. Be sure the equipment used 
with the Type 230 is operating correctly. Check that the 
rear panel cables are connected properly and that they are 
not defective. 

Check Front-Panel Indicators. When operating the Type 
230 in a programmable measurement system, the front-panel 
EXT HOLD and READY lamps can sometimes provide clues 
as to the nature of trouble. If the external hold feature is 
used and the EXT HOLD lamp is lighted, the trouble is pro- 
bably in the external equipment. If an external trigger is 
used and the READY lamp remains lighted as the DISPLAY 

® 

Standard EIA color coding for resistors and capacitors. 

TIME control is turned throughout its range, the external 
trigger is not reaching the Synchronizer Circuit Card. 

The READY lamp can in some cases be used for trouble 
isolation when the Type 230 is used without an external pro- 
grammer. If the READY lamp does not light and the Nixie 
tubes indicate that measurements are not being made, open 
the front panel and pull out the Memory Circuit Cards. 

CAUTION 

The POWER switch should be turned off before 
removing or replacing a plug-in circuit card. 

If the READY lamp does not light, check that the TRIG- 
GERED MEASUREMENT switch is set for internal operation 
(down). If the READY lamp comes on when the Memory 

Circuit Cards are pulled, the trouble is probably on the 
Memory Circuit Cards or between the cards and the vertical 
plug-in unit. 

Troubleshooting, Internal 
The following procedure is provided to aid in isolating a 

trouble to a particular circuit card and to locate the trouble 
within the circuit on the card. If a component is found to 
be defective, it should be replaced following the replace- 
ment procedure given under Corrective Maintenance earlier 
in this section. The calibration of the circuit should be 
checked after any component has been replaced. 

‘Pins BB, V, X, and 18 on the Limit Circuit Card in JIT. Also check 

pin Z of J9 (43.8 V) and N of J5 (4225 V). 
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Gate circuit 

Sweep circuit 

Ch A Signal 
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Ch A 0% 

Storage Register 

D, U, + 1, 2, 5, 

and Readout 

Common 

Power Supplies 

Zone Generators 

Memories 

Buffer 

Start Comparator 

Stop Comparator 

Clock 

Synchronizer 

CRT !ntensification 

Counter 

Limit Light 
Storage 

Limits 
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CAUTION 

Due to the component density on the circuit cards, 
care should be taken with meter leads and probe 

tips. Shorting of the leads can cause abnormal 

voltages or transients which may destroy many 

components. 

Voltage Checks. The voltages on pins 26, 18, 20, 16 and 
24 of the suspected card(s)} should be checked with an 
accurate (3%) 20,000 Q2/volt DC voltmeter. The plug-in 
circuit cards may be put on the extender cards for easy 
access to the circuitry. The extender card has test points for 
all connections to the circuit card. Test conditions and volt- 
ages are given on the apron of the circuit diagram foldouts. 

Card Substitution Check. Some of the plug-in circuit 
cards are duplicated. In cases where there are two identical 
cards, a defective circuit can often be identified by substitu- 

tion. As an example, if the Channel A Zone Generator is 
suspected, exchange the positions of the Channel A and 
Channel B Zone Generator Circuit cards. If the Channel B 
is now inoperative, the malfunction is in the original Chan- 
nel A Zone Generator card. 

Waveform Checks. Waveform checks should be made 
with a test oscilloscope having at least a 40 MHz capability. 
Significant waveforms are shown on the circuit diagram 
foldouts and on the diagrams in the Circuit Logic Descrip- 
tion section. 

Table 5-2 shows how each circuit is directly related to 
other circuits. To use this table, find the circuit(s) affected 

in the row across the top of the table. Check that the proper 
output logic levels (or pulses) are present from the circuit 

indicated in the left column. After the trouble has been 
isolated to a particular circuit, a visual inspection may 
reveal the source of trouble. Check the circuit for poor con- 
nections, damaged components, broken wires, etc. 

The Buffer Circuit Card is probably the best place to start 
a waveform check if the trouble cannot be isolated by the 
use of Table 5-2. If the input and output waveforms on the 
Buffer Circuit Card all appear to be correct, the next card 
to check is the Synchronizer. Since some of the circuits on 
the Synchronizer Circuit Card form loops with circuits on 
other cards, trouble on the Synchronizer Circuit Card may 
cause some of the input waveforms to be incorrect. Trouble 
on the Synchronizer Circuit Card can be isolated by taking 
waveforms in the following manner: 

1. Turn the TRIGGERED MEASUREMENT switch off. Turn 
the DISPLAY TIME control fully counterclockwise. Place the 
Synchronizer Circuit Card in the extender card and connect 
the test oscilloscope to integrated circuit MI770 pin 3. If 
the DELAY pulse is absent, pull out the Memory Circuit 
Cards. If the pulse is still absent, remove transistor Q1785 
from its socket. The delay generator should now free-run. 
Should the delay generator start to free-run when the 
Memory Circuit Cards are removed, check the DISCHARGE 
pulse on J9 pin D. If the DISCHARGE pulse appears normal, 
the trouble is probably on the Memory Circuit Cards. 

2. If the delay generator starts to free-run when Q1785 is 
removed from its socket, check Q1785. If the transistor is 

good, leave the delay generator free-running and trace the 
END pulse (this is a narrow pulse; see the Synchronizer Cir- 

cuit Card description) through transistor Q1741 and the 
integrated circuits M1746 and M1748A. If the END pulse is 
absent at J9 pin 4, check the input and output waveforms on 
the Clock Circuit Card. Make sure the MEASUREMENT 
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AVERAGING switch is in the “1” 
END through M1746 and M1748A. 

3. Check both inputs to integrated circuit M1720 (pins 2 
and 6}. Check both outputs of integrated circuit M1722. If 
everything appears normal at this point, check the inputs and 
outputs of integrated circuit M1770. When the proper output 
has been obtained from M1770, replace Q1785 in its socket. 
The delay generator should operate normally. Re-install 
the Memory Circuit Cards; if the delay generator now locks 
up, check back through the Memory Circuit Cards and Buffer 
Circuit Card. 

Semiconductor Tests 
Most circuit failures result from the failure of a transistor, 

diode, or integrated circuit due to normal aging and use. 
The following paragraphs detail various methods of checking 
semiconductor devices. 

Transistor Checks. Transistor defects usually take the 
form of the transistor opening, shorting, or developing exces- 
sive leakage. The best method of checking transistors is by 
direct substitution. Be sure the voltage conditions of the 
circuit are not such that a replacement transistor might also 
be damaged. If substitute transistors are not available, use 

a dynamic tester {such as a Tektronix Type 575). 

Static-type testers are not recommended since they do not 
check the device under operating conditions. However, if no 
other tester is immediately available, an ohmmeter will 

usually detect catastrophic failures in a transistor. As a 
general rule, use the R X 1k range where the current is 

usually limited to less than 2 mA and the internal voltage is 
usually 14. volts. Check the current and voltage of the ohm- 
meter by inserting a multimeter between the ohmmeter leads 
and measureing the current and voltage of the various 
ranges. When it has been determined which ohmmeter 
ranges will not harm the transistor, then use those ranges to 
measure the transistor's resistance. Check the resistance in 
both directions through the junctions as listed in Table 5-2. 

TABLE 5-3 
Transistor Resistance Checks 

position when tracing 

Ohmmeter Resistance Readings That Can Be 

Connections’ | Expected Using the R X_ 1 k Range 

High readings both ways (about 60 kQ 
to around 500 kQ). 

High reading one way (about 200 kQ or 
more). Low reading the other way (about 
400.Q to 2.5 kQ). 

High reading one way (about 500kQ or 
more). Low reading the other way (about 
400.9, to 2.5 kQ). 

"Test prods from the ohmmeter are first connected one way to the 
transistor leads and then the test prods are reversed (connected 
the other way). Thus, the effects of the polarity reversal of the 
voltage applied from the ohmmeter to the transistor can be observed. 

Integrated Circuit Checks. Integrated circuits are best 
checked by direct substitution. Where a replacement is not 
available, use any of the test methods listed for transistors 

that can be safely used for integrated circuits. 

Diode Checks. Diodes (except for tunnel diodes) can 
easily be checked for an open or shorted condition by mea- 
suring the resistance between the terminals after unsoldering 
one end of the component. Use a resistance scale with an 
internal voltage between 800 mV and 3 volts. The resistance 
should measure very high (in megohm range) in one direction 
and low in the other. 

Emitter-Collector 

Emitter-Base 

Base-Collector 
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SECTION 6 

PERFORMANCE CHECK 

General Information 

This section of the manual provides a procedure for 
rapidly checking the performance of the Type 230. The 
procedure is intended to check the operation of the instru- 
ment to the requirements given in the Characteristics sec- 
tion without performing a complete calibration procedure 
and without adjusting any internal controls. 

Performance of the Type 230 should be checked after each 
1000 hours of operation at least once every 6 months to 
assure that it is operating properly and accurately. Failure 
to meet the performance requirements given in this pro- 
cedure indicates the need for internal adjustments and checks 
as given in the Calibration section. 

EQUIPMENT REQUIRED 

The following (or equivalent) items of equipment are re- 
quired for a complete performance check of the Type 230. 
Equipment requirements given here are the minimum re- 
quirements for proper calibration of the Type 230. All items 
are assumed to be calibrated and operating within their 

_ rated specifications. If substitute equipment is used, it must 
equal or exceed the given requirements in order to check 
the Type 230 to the given accuracy. 

1. Oscillocope to provide measurement information to the 
Type 230. Tektronix Type 568 with sampling plug-in units, 
such as the Type 383 vertical unit and Type 3T4 Time base 
unit recommended. 

2. 36-pin interconnecting cable, Tektronix Part No. 012- 
0119-00. 

3. (Optional) Real Time vertical and Time base plug-in 
units to be used with the Type 568 if real time measurements 
are normally made with the Type 230. Tektronix Type 
3A2 vertical unit and Type 3B2 Time-base unit recommended. 

PERFORMANCE CHECK PROCEDURE 

Equipment used in the following procedure is that listed 
under Equipment Required. If substitute equipment is used, 
connections and control settings may need to be changed 
to correspond to the characteristics of the equipment used. 

Preliminary Procedure 

1. Connect the 36-pin interconnecting cable (012-0119-00) 
between J101 of the Type 568 and J101 of the Type 230. 

2. Insert the sampling vertical and horizontal plug-in 
units into the Type 568. 

3. Check that the voltage selector and range selector 
switch bars in the LINE VOLTAGE SELECTOR assembly on the 
rear of the Type 230 are set to correspond to the proper 
applied line voltage. 

® 

4. Connect the Type 230, Type 568 and other test equip- 
ment to a suitable power source and turn on all of the equip- 
ment. 

5. Set the front panel controls of the Type 230, Type 568 
and other test equipment as follows: 

Control Settings 

Type 230 

TRIGGERED 
MEASUREMENT OFF 

DISPLAY TIME centered 

MEASUREMENT MODE TIME 

CRT INTENSIFICATION 

TIME MEASUREMENT ON 

REF ZONES OFF 

MEASUREMENT 
AVERAGING 1 

CHANNEL A REF ZONES 

0% POSITION White dot at top center 

100% POSITION White dot at top center 

0% LEVEL-WIDTH 3CM 

100% LEVEL-WIDTH 3CM 

CHANNEL B REF ZONES 

0% POSITION White dot at top center 

100% POSITION White dot at top center 

0% LEVEL-WIDTH 3CM 

100% LEVEL-WIDTH 3CM 

TIME MEASUREMENT START POINT 

CHANNEL A 

LEVEL HORIZ mm FROM SWP 
START 

Offset dials 1 and 0 

SLOPE +, Ist 

LIMITS As desired 

Type 568 

Intensity Normal Brightness 

Astig As is 

Focus Adjust for a well focused 
trace 

Scale lum As desired 

Calibrator Off 

CRT Cathode Selector Ext CRT Cathode 
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Vertical Sampling Unit 

Input Signal None 

Mode Channel A 

mV /Div (Ch A) 100 

Variable Calib 

Norm-Inv (Ch A and B) Norm 

Position Centered 

DC Offset Full ccw 

Smoothing (Ch A and B) Full ccw 

Low Noise-Fast Risetime Fast RT 

Time Base Sampling Unit 

Time/Div 1 ps 

Variable Calibration 

Triggering +, Int 

Trigger Level Free running trace 

Delay 1.0 

Position Centered 

Sweep Mode Normal 

Samples/Sweep 1000 {X1} 

Manual Scan or Ext Atten Centered 

Recovery Time Centered 

Control Settings for Optional Real-Time plug-in units 

Vertical Unit 

Input signal none 

Mode A 

Volts /Div 2 

Input Coupling AC 

Position Centered 

Time-Base Unit 

Sweep Rate 1 ms 

Resolution 10 ps 

Triggering AC, +, Int 

Trigger level Free Run 

Position Centered 

la. Check Buffer Sweep Gain Using Sampling 
Plug-in Units 

a. Check—Type 230 readout of 0.800 nS, -0.001 us. 

b. Change the Type 568 time base unit Time/Div switch 
to 50 ns. 

c. Check—Type 230 readout of 0.400 nS, +0.001 us. 

d. Change the Type 568 time base unit Time/Div switch 
to .2 us. 

e. Check—Type 230 readout of 1.600 4S, +-0.002 ys. 

f. Return the Type 568 time base unit Time/Div switch 
to .1 us. 
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1b. Check Buffer Sweep Gain Using Real Time 
Plug-in Units 

a Check—-Type 230 readout of 08.00 MS, =£00.01 mS. 

b. Change the Type 568 time base unit Time/Div switch 
to .5 mS. 

c. Check—Type 230 readout of 04.00 mS, 00.01 ms 
(+3% of sweep calibration). 

d. Change the Type 568 time base unit Time/Div switch 
to 2 ms. 

e. Check—Type 230 readout of 16.00 MS, =00.10 ms. 

f. Return the Type 568 time base Time/Div switch to 
1 ms. 

2. Check Buffer Sweep DC Level 

‘a. Change the Type 230 controls as follows: 

CRT INTENSIFICATION 

TIME MEASUREMENT OFF 

TIME MEASUREMENT START POINT 

Offset dials 0 and 1 

b. Check that the trace starts at the extreme left vertical 
graticule line on the Type 568. 

c. Set the Type 230 CRT INTENSIFICATION-TIME MEAS- 
UREMENT switch to ON. 

d. Check—The Type 568 CRT display; intensified zone 
should start at the extreme left vertical graticule line (start 
of sweep), and is erratic with TIME MEASUREMENT START 

POINT Offset Dials at 0 and 0. 

e. Set the Type 230 TIME MEASUREMENT START POINT— 
Offset dials to 1 and 0. 

f. Check—Type 568 CRT display; intensified zone should 
be 8.0cm long, 0.5 minor div. 

3a. Check Buffer Voltmeter Ramps Using 
Sampling Plug-in Units 

a. Change the following front panel controls: 

Type 230 

TIME MEASUREMENT START POINT 

LEVEL mm ABOVE 0% ZONE 

Offset dials 0 and 0 

TIME MEASUREMENT STOP POINT 

LEVEL mm ABOVE 0% ZONE 

Offset dials 8 and 0 

b. Set the Type 230 Run/Calibrate switch to Calibrate 
(located on counter circuit board; Fig. 6-1}. 

c. Position the trace on the Type 568 at the bottom 
horizontal graticule line. 

d. Check—Type 230 readout of 0800. MV, --0001 mV. 

e. Set the Type 568 vertical unit mV/Div switch to 50. 
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{.. Position the trace at the bottom horizontal graticule 

g. Check—Type 230 readout of 0400. MV, +0001 mV. 

h. Set the Type 568 vertical unit mV/Div switch to 20. 

i. Position the trace at the bottom horizontal graticule 

j. Check—Type 230 readout of 160.0 MV, =£000.2 mV. 

k. Return the Type 568 vertical mV/Div switch to 100. 

3b. Check Buffer Voltmeter Ramps Using Real 
Time Plug-in Units 

a. Change the following front panel controls: 

Type 230 

TIME MEASUREMENT START POINT 

LEVEL mm ABOVE 0% ZONE 

Offset dials 0 and 0 

TIME MEASUREMENT STOP POINT 

LEVEL mm ABOVE 0% ZONE 

Offset dials 8 and 0 

ib. Set the Type 230 Run/Calibrate switch to Calibrate. 
(located on Counter Circuit board, Fig. 6-1). 

Fig. 6-1. Location of Run/Calibrate switch on the Counter circuit 
board. 

c. Position the trace on the Type 568 at the bottom 
graticule line. 

d. Check—Type 230 readout of 16.00V, +00.01 V. 

e. Set the Type 568 Vertical Unit Volts/Div switch to 1. 

f. Check—Type 230 readout of 08.00 V, +00.01 V. 
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g. Set the Type 568 Vertical Unit Volts//Div switch to .5. 

h. Check—Type 230 Readout of 04.00V, -£00.01 V. 

i. Return the Type 568 Vertical Volts/Div switch to .2. 

j. Change the Run/Calibrate switch on the Counter cir- 
cuit card to Run. 

4, Check Channel A Zone Generator 0% Zone 
Position and 100% Zone Position 

a. Change the following front pane! controls: 

CRT INTENSIFICATION 

TIME MEASUREMENT OFF 

REF ZONES 0% 

ib. Check that the Type 568 trace starts at the extreme 
left vertical graticule line. 

c. Position the start of the 0% zone at the 5th cm ver- 

tical graticule line with the 0% ZONE POSITION control. 
(Fig. 6-2). 

Fig. 6-2. Definition of vertical graticule lines. 

d. Check—Type 568 CRT display intensified zone should 
start at the Sth cm vertical graticule line. 

e. While observing the Type 568 CRT display, turn the 
0% ZONE POSITION control throughout its range. 

f. Check—Type 568 CRT display; start of intensified zone 
should move across the CRT in 0.5m steps. 

g. Position the intensified zone at the 9th cm vertical 
graticule line. 

h. Check—Start of intensified zone within 1 minor div 

of the 9th cm vertical graticule line. 

i. Position the intensified zone at the start of sweep. 

j. Check—Start of 0% Zone within 1 minor div of sweep 
start. 

6-3 



Performance Check—Type 230 

k. Set the CRT INTENSIFICATION—REF ZONE switch to 
100%. 

|. Position the start of the 100% zone at the 5th cm 
(center) vertical graticule line with the 100% ZONE POSI- 
TION control. 

m. Check—Type 568 CRT display, intensified zone should 
start at the center (5th cm) vertical graticule line. 

n. While observing the Type 568 CRT display, turn the 
100% ZONE POSITION control throughout its range. 

o. Check—Type 568 CRT display; intensified zone should 
move across the CRT in 0.5 cm steps. 

p. Position the intensified zone at the 9th cm vertical 
graticule line. 

q. Check—Start of intensified zone within 1 minor div 
of the 9th cm vertical graticule line. 

r. Position the intensified zone at the start of sweep. 

s. Check—Type 568 CRT display; start of intensified zone 
within 1 minor div of start of sweep. 

5. Check Channel B Zone Generator 0% Zone 
Position and 100% Zone Position 

a. Set the Type 568 Vertical Mode switch to Channel B. 

b. Set the CRT INTENSIFICATION-REF ZONE switch to 
0%. 

c. Repeat parts b through s of step 3 for checking of 
the Channel B 0% Zone position and 100% Zone position. 

All control settings of Type 230 are the same with the 
exception that all references should be made to Channel B. 

6. Check Channel B Zone Generator 0% Zone 
Width and 100% Zone Width 

a. Position the 100% intensified zone on the Type 568 
trace to the center vertical graticule line. 

b. Check that both Channel B LEVEL—WIDTH switches 
are set at 0.3 CM. 

c. Check—Type 568 CRT display; width of intensified 
zone should be 0.3.cm (1.5 minor div). 

d. Position the intensified zone on the Type 568 trace to 
the extreme left vertical graticule line. 

e. Set the Channel B 100% LEVEL—WIDTH switch suc- 
cessively to 2CM, 4CM and 10 CM. 

f. Check—For correct width of intensified zone within 
(==0.5 minor div) for each setting of the LEVEL—WIDTH 
switch. In the 10CM position of the 0% and 100% Zone 
LEVEL—-WIDTH switches, with the 0% Zone Position set at 

sweep start the entire length of the sweep is normally in- 
tensified (approx 10.5 cm). 

g. Set the CRT INTENSIFICATION-REF ZONE switch to 
0%. 

h. Postion the intensified zone on the Type 568 display 
to the center vertical graticule line. 

i. Check—Type 568 CRT display; width of intensified 
zone should be 0.3.cm (1.5 minor div). 
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j. Set the 0% LEVEL—WIDTH switch successively to 2 
CM, 4CM and 10 CM. 

k. Check—Type 568 CRT display for correct width of the 
intensified zone within +—-10% for each setting of the LEVEL- 
WIDTH switch. 

7. Check Channel A Zone Generator 0% Zone 
Width and 100% Zone Width 

a. Set the Type 568 Vertical Mode switch to Channel A. 

b. Return the CRT INTENSIFICATION—REF ZONE Switch 
to 100%. 

c. Repeat step 6 for checking of the Channel A 0% Zone 
Width and 100% Zone Width. All control settings of the 
Type 230 are the same, with the exception that all references 
should be made to Channel A. 

8. Check Channel A Memory Tracking 

a. Change the following Type 230 controls: 

MEASUREMENT MODE A VOLTS 

CRT INTENSIFICATION 
REF ZONES BOTH 

CHANNEL A REF ZONES 

0% POSITION 

100% POSITION 

0% LEVEL—WIDTH 

100% LEVEL—WIDTH 

Start of sweep 

Start of sweep 

0.3 CM 

0.3 CM 

CHANNEL B REF ZONES 

0% POSITION 

100% POSITION 

0% LEVEL—WIDTH 

100% LEVEL—WIDTH 

Start of sweep 

Start of sweep 

0.3 CM 

0.3 CM 

TIME MEASUREMENT START POINT 

LEVEL % BETWEEN ZONES 

Offset dials 0 and 0 

TIME MEASUREMENT STOP POINT 

LEVEL % BEWEEN ZONES 

Offset dials 0 and 0 

b. Set the trace on the Type 568 CRT at the center hori- 
zontal graticule line with the Channel A Vertical Position 
control. 

c. Check—Type 230 readout of 0000.MV, -:0001 mV. 

d. Position the trace on the Type 568 CRT at the top hori- 
zontal graticule fine. 

e. Check—Type 230 readout of 0000. MV, 0003 mV. 

f. Postion the Trace on the Type 568 CRT at the bottom 
horizontal graticule line. 

g. Check—Type 230 readout of 0000. MV, -£0003 mV. 
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h. Position the trace on the Type 568 at the center hori- 
zontal graticule line. 

NOTE 

If Real Time Plug-ins are used for this step, the 

numerical readouts will be the same, but the Units 

of Measure will read out in Volts. 

9a. Check Channel A Memory Leak Down 
(Sampling Plug-in Units) 

a. Set the Sampling Time Base Unit Time/Div switch to 
the 50 nSEC position. Free-run the sweep. 

b. Position the 0% Zone at the start of the sweep and 
the 100% Zone 9.5 divisions from the start of the sweep 
with the Channel A ZONE POSITION controls. 

c. Set the MEASUREMENT AVERAGING switch to 8. Note 
the average readout of approximately a half-dozen meas- 
urements. Set the MEASUREMENT AVERAGING switch to 1. 

d. Change the Sampling Time Base Unit Time/Div switch 
to the slowest equivalent-time sweep position (0.2 ms for 
the Type 374). Check the time for one sweep with a watch 
or stop-watch., 

e. Check—the leakdown should not exceed 12 counts in 
10 seconds (or 1.2 counts per second if the sweep lasts less 
than 10 seconds). 

9b. Check Channel A Memory Leak Down 
(Real Time Plug-in Units) 

a. Set the Time Base Unit Time/Div switch to 10 ms. 

b. Position the 0% Zone at the start of the sweep, and 

the 100% Zone 9.5 divisions from the start of the sweep 
with the Channel A ZONE POSITION controls. 

c. Check—Type 230 readout of 0.000V, -+0.002 V. 

d. Set the Time Base Unit Time/Div switch to 1. 

e. Check—After three sweeps on the Type 568, check 
the Type 230 readout for 0.000 V, --0.008 V. 

f. Position the 100% Zone at the start of the sweep, and 

the 0% Zone 9.5cm from the start of the sweep with the 
Channel A ZONE POSITION controls. 

g. Check—After three sweeps on the Type 568, check the 
Type 230 readout for 0.000 V, 0.008 V. 

h. Set the Time Base Unit Time/Div switch to 10 ms. 

i. Check—Type 230 readout of 0.000 V, --0.002 V. 

10. Check Channel B Memory Tracking 

a. Set the Vertical Sampling Plug-In Mode switch to Chan- 
nel B. 

b. Set the MEASUREMENT MODE switch to B VOLTS. 

c. Repeat parts b through h of Step 6 for checking the 
Channel B Memory Tracking. All contro! settings are the 
same, with the exception that all references should be made 

to Channel B. 
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11. Check Channel B Memory Leak Down 

Repeat steps 7a and b for checking Channel B Memory 
leakdown. All control settings are the same with the excep- 
tion that all references should be made to Channel B. 

12. Check—Upper Limits (-+ Count) 

a. Set the Time-Base Sampling Plug-In for a slow sweep 
rate. 

b. Set the TIME MEASUREMENT START and STOP POINT- 
LEVEL switches at HORIZ mm FROM SWP START. 

c. Set the MEASUREMENT MODE switch to TIME. 

d. Obtain a + four digit readout on the Type 230 by 
adjusting the LEVEL—Offset dials. A readout with no zeros 
or nines present is best, such as +1.812 MS. 

e. Set the LOWER LIMIT dials to any number lower than 
the readout. Any (—) number is lower. 

f. Set the UPPER LIMIT dials to the same number as ob- 
tained in the readout. 

g. Check—WITHIN LIMIT Lamp (green) should be on, 
ABOVE UPPER AND BELOW LOWER LIMIT lamps should 
be off. 

h. Set the UPPER LIMIT units dial one number smaller 
than the readout. 

i. Check—-WITHIN LIMITS lamp should turn off and 
ABOVE UPPER LIMIT lamp {red) should turn on after two 
sweeps. 

j. Return the UPPER LIMIT units dial to the original num- 
ber. 

k. Check—WITHIN LIMITS lamp turns on and ABOVE 
UPPER LIMIT lamp turns off. 

|. Continue this procedure as outlined in parts h through 
k with the UPPER LIMIT tens, hundreds, and thousands dials. 

The ABOVE UPPER LIMIT lamp should turn on when any 
one of the three dials is set to a number smaller than the 
readout. 

13. Check Lower Limit (+ Count) 

a. Set the UPPER LIMIT dials to a number larger than the 
readout. 

ib. Set the LOWER LIMITS dials to the same number as in 
the readout. 

c. Check—WITHIN LIMITS lamp turns on, BELOW LOW- 
ER LIMIT lamp turns off. 

d. Set the LOWER LIMIT units dials one number larger 
than the readout. 

e. Check—WITHIN LIMITS lamp should turn off and 
BELOW LOWER LIMIT lamp should turn on. 

f. Return the LOWER LIMIT units dial to the original 
number. 

g. Check—WITHIN LIMITS lamp should turn on and BE- 
LOW LOWER LIMIT lamp should turn off. 
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h. Continue this procedure with the LOWER LIMIT tens, 

hundreds and thousands dials. The BELOW LOWER LIMIT 
lamp should light when any one of the three dials is set to 
a larger number than the readout. 

14. Check Upper Limit (— Count) 

a. Obtain a (—) four digit readout on the Type 230. This 
is accomplished most easily by reversing the settings of the 
TIME MEASUREMENT START and STOP POINT Offset dials. 

b. Set the LOWER LIMIT dials to a more negative number 
than the readout. 

c. Set the UPPER LIMIT dials to the same number as in the 

readout. 

d. Check—WITHIN LIMITS lamp turns on, and ABOVE 
UPPER LIMIT lamp turns off. 

e. Set the UPPER LIMIT units dial one number larger than 
the readout. 

f. Check—WITHIN LIMITS lamp turns off and ABOVE 
UPPER LIMITS lamp turns on. 

g. Return the UPPER LIMIT units dial to the original num- 
ber. 

h. Continue this procedure with the UPPER LIMITS tens, 
hundreds and thousands dials. The ABOVE UPPER LIMIT 
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lamp should turn on if any of the three dials are set to a 
number larger than the readout. 

15. Check Lower Limit (— Count) 

a. Set the UPPER LIMIT thousands dial to + 1. 

b. Set the LOWER LIMIT dials to the same number as in 

the readout. 

c. Check—WITHIN LIMITS lamp turns on and BELOW 
LOWER LIMIT lamp turns off. 

d. Set the LOWER LIMIT units dial one number smaller 

than the readout. 

e. Check—WITHIN LIMITS lamp turns off and BELOW 
LOWER LIMIT lamp turns on. 

f. Return the LOWER LIMIT units dial to the original 
number. 

g. Continue with this procedure with the LOWER LIMIT 
tens, hundreds and thousands dial. The BELOW LOWER 

LIMIT lamp should turn on whenever any one of the three 
dials is set to a number smaller than the readout. 

This completes the performance check for the Type 230. 
Turn off all equipment. 
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SECTION 7 

CALIBRATION 

General Information 

Performance and/or calibration of the Type R230 should 
be checked after each 1000 hours of operation and at least 
once every 6 months to assure that the instrument is operating 
correctly and accurately. Recalibration of the instrument may 
be performed periodically as part of a regular preventive 
maintenance schedule, or may be done whenever the need 
is indicated by the performance check procedure. In addition, 
portions of the instrument will require recalibration if com- 
ponents have been replaced or other electrical repairs have 
been made in the circuitry. 

Any needed maintenance should be performed before 
proceeding with the calibration. Trouble which becomes 
apparent during calibration should be corrected using the 
techniques given in the Maintenance section of this manual. 

The calibration procedure given in this section is a com- 
bined verification and adjustment procedure that permits 
the instrument to be adjusted for best performance. 

A calibration index is included at the beginning of the 
calibration procedure for use as a calibration guide and 
checklist. 

The procedure is arranged in a sequence which allows the 
instrument to be calibrated with the least interaction of ad- 
justments and reconnection of equipment. If desired, the steps 
may be performed out of sequence or a step may be done 
individually. However, it will be necessary to check any 
subsequent steps that might be affected by adjustments that 
are made. Power supply adjustments will affect the entire 
instrument. 

When doing a complete recalibration of the instrument, 
best overall performance is obtained if each adjustment is 
made to the exact setting, even if the observed performance 
is within the allowable tolerance. 

Throughout this procedure, each adjustment is designated 
by its circuit number (e.g., R635) and the color of the bracket 
holding the adjustment (e.g., red). 

NOTE 

This procedure is written for a Type 230 equipped 

with Buffer circuit card Model 4-up. Changes in 
this procedure for adjusting earlier models of the 
Buffer circuit card are located at the end of this 
procedure. Substitute the changed steps if adjust- 
ing Buffer Models 1-3. 

RECOMMENDED EQUIPMENT 

The following (or equivalent) equipment is recommended 
for complete calibration of this instrument (see Fig. 7-1). 
Specifications given are the minimum necessary for accurate 
calibration. All test equipment is assumed to be correctly 

calibrated and operating within the original specification, 
as are the Type 568 Oscilloscope and associated plug-in 
units used with the Type 230. If equipment is substituted, 
it must meet or exceed the requirements listed for the recom- 
mended equipment. 

1. Precision differential DC voltmeter. Accuracy within 
+0.05%; measurement resolution, ] mV; range, 0.001 volt 

to 250 volts. John Fluke Model 825A recommended. Steps 
1-6, 10-12, 14-15, 17-21. 

2. Test oscilloscope. Bandwidth from DC to 40 MHz; de- 
flection factor from 0.005 volt/div to 2 volts/div; sweep rates 
of 1 ms/div, 2 ms/div and 5 ms/div; Tektronix Type 453 

Oscilloscope recommended. Steps 6-9, 12, 13, 16, 21. 

3. 1X probe with BNC connector. Tektronix P6011 Probe, 
Part No. 010-0193-00, recommended. Steps 6-9, 12, 13, 

16, 21. 

4, Variable autotransformer. Output voltage variable from 
104 to 126 volts AC RMS for 115-volt nominal operation or 
from 208 to 252 volts AC RMS for 230-volt nominal operation; 
output power 340 watts minimum. If a monitor voltmeter is 
not included, a separate AC voltmeter is required with an 
accuracy within 3% over the required range. General Radio 
WI10MT3W Variac autotransformer recommended for 115-volt 
nominal operation; WIOHMT3W for 230-volt nominal oper- 

ation. All steps. 

5. Oscilloscope to provide measurement information to 
the Type 230. Tektronix Type 568 with sampling plug-in units 
such as a Type 385 or 386 Vertical Unit, with two Type S-1 
Sampling Heads and a Type 3T5 or 316 Sampling Sweep Unit 
recommended. All steps. 

6. BNC female to GR connector adapter. Tektronix Part 
No. 017-0063-00. Step 19 and 21. 

7. Two 42-inch 509 coaxial cables with BNC connectors. 
Tektronix Part No. 012-0057-01 recommended. Step 19 and 
21. 

8. Shorting strap constructed of insulated copper wire and 
two alligator clips. Step 13 and 21. 

9. Shorting strap constructed of insulated copper wire and 
three alligator clips. Steps 13-18, 21. 

10. 36-pin J101 interconnecting cable, Tektronix Part No. 

012-0119-01. All steps. 

11. Pocket-type screwdriver with blade width less than Veth 
inch. All steps except 7. 

12. 33kQ, Y, watt, 5% resistor with alligator clip soldered 

at each step. Steps 10-12. 

13. Extender card, Tektronix Part No. 670-0240-00 and 

670-0241-00 (both required, furnished with Type 230). Steps 
8-16, 21. 
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Fig. 7-1. Test equipment and accestories required for stops 1-29.



CALIBRATION INDEX AND RECORD 
PROCEDURE 

This outline is provided to serve as a verification and cali- 
bration record. It may be reproduced for that purpose or for 
use as a calibration guide for calibrators who are familiar 
with the procedure. 

Type 230 Serial Number 

Calibration Date 

Test Engineer 

[] 1. Adjust +.50-Volt Power Supply Page 7-5 

{R230} brown 

[] 2. Adjust —50-Volt Power Supply Page 7-5 

(R360) red 

[] 3. Adjust +12-Volt Power Supply Page 7-5 

(R260) orange 

[] 4. Adjust +3.8-Volt Power Supply Page 7-5 

(R290) yellow 

[] 5. Adjust —3.5-Volt Power Supply Page 7-6 

(R330) blue 

[] 6. Adjust +1.75-Volt Power Supply Page 7-6 

(R310) green 

[] 7. Check Power Supply Ripple Page 7-6 

[] 8. Adjust Ch A Memory 0% Range (R1064) = Page 7-7 

[] 9. Adjust Ch A Memory 100% Range (R1154) Page 7-8 

[] 10. Adjust Ch A Memory 0% Balance Page 7-8 

(R1077) black 

[] 11. Adjust Ch A Memory 100% Balance Page 7-8 

(R1147) brown 

[] 12. Adjust Ch B Memory Circuit Page 7-8 

Adjust 0% Range (R1064) 

Adjust 100% Range (R1154) 

Adjust 0% Balance (R1077) black 

Adjust 100% Balance (R1147) brown 

[] 13. Adjust Start Comparator Offset Bal Page 7-10 

(R1445) orange 

[] 14. Adjust Start Comparator Bal 1 Page 7-11 

(R1425) brown 

[] 15. Pre-Adjust Start Comparator Bal 2 Page 7-11 

(R1465) red 

[] 16. 

C17. 

[] 18. 

O19. 

{J 20. 

0 21. 

C22. 

OO 23. 

Cy 24. 

CO 25. 

C26. 

O27. 

CO 28. 

[] 29. 

Oo 22. 

Cy 23. 
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Adjust Start Comparator Comp Bal Page 7-11 

(R1474) blue 

Adjust Start Comparator 5 V Gain Page 7-11 

(R1455) yellow 

Adjust Start Comparator Bal 2 Page 7-11 

(R1465) red 

Adjust Start Comparator Cal % Page 7-12 

(R1435) green 

Check Start Comparator Offset Page 7-13 

Voltage Out 

Adjust and Check Stop Comparator Circuit Page 7-13 

Adjust Stop Comparator Offset Bal (R1445) orange 

Adjust Stop Comparator Bal 1 (R1425) brown 

Pre-Adjust Stop Comparator Bal 2 (R1465) red 

Adjust Stop Comparator Comp Bal! (R1475} blue 

Adjust Stop Comparator 5 V Gain (R1455) yellow 

Adjust Stop Comparator Bal 2 (R1465) red 

Adjust Stop Comparator Comp Bal (R1475) blue 

Adjust Stop Comparator 5V Gain (R1455} yellow 

Adjust Stop Comparator Bal 2 (R1465) red 

Adjust Stop Comparator Cal % (R1435} green 

Check Stop Comparator Offset Voltage Out 

Adjust Buffer 5 V RAMP DC LEVEL Page 7-14 

(R675) gray 

Adjust Buffer 5 V RAMP Gain Page 7-14 

(R670) violet 

Adjust Buffer Voltmeter Ramps Page 7-14 

(R660, R645, R635) green, brown, red 

Adjust CH A Zone Generator 0% Position Page 7-15 

(R805) and 100% Position (R905) brown 

Adjust CH B Zone Generator 0% Position Page 7-15 

(R805) and 100% Position (R905) brown 

Adjust CH B Zone Generator 0% Width Page 7-15 

(R879) and 100% Width (R979) orange 

Adjust CH A Zone Generator 0% Width Page 7-16 

{R879} and 100% Width (R979) orange 

Adjust Buffer 50 V RAMP Gain (R680) Page 7-16 

Adjustments using Buffer circuit card, Models 1-3 
yellow 

Adjust Buffer Sweep DC Level (R675) gray Page 7-17 

Adjust Buffer Sweep Gain (R670) violet Page 7-17 

7-3 
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PROCEDURE 

In the following procedure, complete control settings are 
listed for each major group of adjustments or checks. If only 
a partial calibration is to be performed, start with the setup 
preceding the desired portion of the procedure. 

When connecting the precision differential DC voltmeter, 
unless otherwise specified, the positive lead is to be con- 
nected to the first test point mentioned and the negative 
lead is to be connected to the second test point mentioned. 

CAUTION 

If a null-type meter is used, always set the null to 
the VTVM (or lowest sensitivity) range before con- 

necting the meter to a test point or before changing 

control settings of any instrument to which the me- 
ter is connected. Ensure that both inputs to the 
null-type meter are ungrounded. 

Preliminary Procedure 

1, Check that the voltage selector and range selector switch 
bars in the Line Voltage Selector assembly on the rear of the 
Type 230 and the Type 568 Oscilloscope are set to corre- 
spond to the autotransformer output voltage. 

2. Connect the autotransformer, test equipment and Type 
568 to a suitable power source. 

3. Connect the Type 230 to the autotransformer. 

4, Connect the 36-pin interconnecting cable between J101 
of the Type 568 and J101 of the Type 230. 

5. Turn on all equipment and set the autotransformer out- 
put for the nominal line voltage to be used (115 volts or 230 
volts}. 

6. Allow at least 20 minutes warmup time at an ambient 
air temperature of between +20° C and +30° C (+68° F 

to +86° F) before making any checks or adjustments. 

7. During the warmup period set the Type 230 and test 
instrument controls as follows: 

Type 230 

Triggered Measurement Off 

Display Time Fully clockwise 

Measurement Mode Time 

CRT Intensification 

Time Measurement Off 

Ref Zones Off 

Measurement Averaging 1 

Ch A Reference Zones 

0% Position 2 switch positions clockwise 
from straight up 

100% Position 4 switch positions clockwise 
from straight up 

7-4 

0% Level—Width 

100% Level—Width 

Ch B Reference Zones 

0% Position 

100% Position 

0%Level—Width 

100% Level—Width 

Time Measurement Start Point 

Channel 

Level 

Offset dials 

Slope 

Time Measurement Stop Point 

Channel 

Level 

Offset dials 

Slope 

Upper Limit 

Lower Limit 

Average .3CM 

Average .3CM 

2 switch positions clockwise 
from straight up 

4 switch positions clockwise 
from straight up 

Average .3CM 

Average .3CM 

A 

% Between Zones 

0-0 

+, Ist 

A 

% Between Zones 

0-0 

+, Ist 

+3999 

+3999 

Sampling Sweep Unit 

Program Selector Int 

Horiz Pos As is 

Time/ Div 100 ns 

Samples/Sweep 1000 

Delay 0000 

Triggering +, Ext 

Sensitivity Fully counterclockwise 

Recovery Time Centered 

Type 568 

Inten Fully counterclockwise 

Calibrator Off 

CRT Cathode Selector 

(rear panel) 

Others 

Chopped Blanking 

As desired 

Sampling Vertical Unit 

Input Signal 

Mode 

Channels A and B 

Units/div 

Variable 

Invert 

DC Offset Dials 

None 

Dual-Trace 

100 

Cal 

Pushed in 

000 

—_~ 
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P10 CRT Intens. Regulator circuit card 
41.75 volt test point 
R310 (green) +1.75 volt adjustment 

+50 volt test point 
220 (brown) +50 volt adjustment 

+38 volt test point 
290 (yellow) +3.8 volt adjustment 

~3.8 volt test point 
R330 (biue)-3.5 vole adjustment 

0 volt test point 
£360 (red)~80 volt test point 

Ground 

Fig. 7-2. Adjustment ond 

Test Oscilloscope 
Horizontal Display A 
Time/Div 5 ms (calibrated) 
Triggering Auto, +, AC, Line 
Vertical Mode chi 
Channel 1 

Input Selector AC 
Volts/Div 5 mV (calibrated) 
Position Centered trace 

1, Adjust +50-Volt Power Supply (R230) 
. Open the Type 230 front panel for access to the cir 

cuit cards. 
b. Set the precision differential voltmeter to. 4-50 volts 
c. Connect the negative lead of the voltmeter to the Gnd 

test point and the positive lead to the +50-volt test point on 
the CRT Intens/Regulator circuit card (see Fig. 7-2) 

d. CHECK—Meter reading: +50.0 volts -+0.5 volt 
fe. ADJUST—Resistor R230 (brown), +50-volt adjustment 

‘on the Regulator card for a meter reading of +50.0 volts. 

2. Adjust —50-Volt Power Supply (R360) 
1. Disconnect the positive lead of the voltmeter from the 

+50-volt test point and set the voltmeter polarity to —. 

® 

point locations fo ps 1 through 9. 

b. Connect the positive lead of the voltmeter to the —50- 
volt test point see Fig. 7-2) 

, CHECK—Meter reading: —50.0 volts +05 volt 
d, ADJUST—R360 {red}, —50.volt adjustment for a meter 

reading of —50.0 volts 

3, Adjust +12-Volt Power Supply (R260) 
©. Disconnect the positive lead of the differential voltmeter 

from the —50-volt test point and set the voltmeter to +12 
volts 

b. Connect the positive lead of the voltmeter to the ++12- 
volt test point (see Fig. 7-2). 

. CHECK—Meter reading: +12.00 volts -0.12 volt 
d, ADJUST—R260 orange), +-12-volt adjustment for a 

meter reading of 4-12.00 volts 

4, Adjust +3.8-Volt Power Supply (R290) 

©. Set the differential voltmeter to +38 volts and move 
the positive lead of the voltmeter to the +3.8-volt test point 
(Fig. 7-2). 

b, CHECK—Meter reading: +3.800 volts -0.038 volt 
€. ADIUST—R290 {yellow}, +3.8-volt adjustment (Fig. 7-2) 

for a meter reading of +-3,800 volts 
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5. Adjust —3.5-Volt Power Supply (R330) 

a. Set the differential voltmeter to —3.5 volts and move 
the positive lead of the voltmeter to the —3.5-volt test point. 

b. CHECK—Meter reading: —3.500 volts 0.035 volt. 

c. ADJUST—R330 (blue), —3.5-volt adjustment for a meter 

reading of —3.500 volts. 

6. Adjust +1.75-Volt Power Supply (R310) 

a. Set the differential voltmeter to +1.75 volts and move 
the positive lead of the voltmeter to the +1.75-volt test point. 

b. CHECK—Meter reading: +1.75 volts -£0.07 volt (at 
+25° C +2° C). 

c. ADJUST—R310 (green), +1.75-volt adjustment for a 

meter reading of +1.75 volts. 

NOTE 

The +1.75-volt supply has a temperature coeffi- 
cient of about —4 millivolts per degree Centigrade. 

When checking and adjusting the + 1.75-volt sup- 
ply, change the voltage requirement in accordance 

with the ambient air temperature. For example, if 
the ambient air temperature is 20° C, the supply 

voltage should be +1.77 volts +£0.07 volt. 

d. Remove the voltmeter leads from the test points. 

7. Check Power Supply Ripple 

a. Install the 1X probe on the Channel | input connector 
of the test oscilloscope. 

b. Connect the test probe ground clip to the Ground test 
point on the CRT Intens/Regulator circuit card. 

c. Connect the test probe successively to each of the test 
points given in Table 7-1. With the probe connected to each 
test point, observe the oscilloscope display while varying the 
autotransformer output between 104 and 126 volts AC RMS 
(208 and 252 volts AC RMS for 230-volt operation). 

d. CHECK—Test oscilloscope display: Power supply ripple 
amplitudes not exceeding the maximum values given in 
Table 7-1. 

e. Remove the probe from the Type 230. 

f. Reset the autotransformer to the nominal line voltage 
(115 volts or 230 volts). 

TABLE 7-1 

Power Supply Regulation and Ripple 

Voltage Test |Maximum Ripple at twice line frequency 

Point Peak-to-Peak 
(See Fig. 7-2) Voltage 

+50 volts +3 mV 

—50 volts +3 mV 

+12 volts +3 mV 

+3.8 volts +2 mV 

—3.5 volts +2 mV 

+1.75 volts +4mV 
™ 
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Control Settings 

Type 230 

Triggered Measurement 

Display Time 

Measurement Mode 

CRT Intensification 

Time Measurement 

Ref Zones 

Measurement Averaging 

Ch A Reference Zones 

0% Position 

100% Position 

0% Level—Width 

100% Level—Width 

Ch B Reference Zones 

0% Position 

100% Position 

0% Level—Width 

100% Level—Width 

Time Measurement Start Point 

Channel 

Level 

Offset dials 

Slope 

Time Measurement Stop Point 

Channel 

Level 

Offset dials 

Slope 

Upper Limit 

Lower Limit 

Off 

Fully counterclockwise 

Time 

Off 

Both 

] 

2 switch positions clockwise 
from straight up 

4 switch positions clockwise 
from straight up 

Average .3CM 

Average .3 CM 

2 switch positions clockwise 
from straight up 

4 switch positions clockwise 
from straight up 

Average .3CM 

Average .3CM 

A 

% Between Zones 

0-0 

+, Ist 

A 

% Between Zones 

0-0 

+, Ist 

+3999 

—3999 

Sampling Sweep Unit 

Program Selector Int 

Time/Div 100 ns 

Samples/Sweep 1000 

Delay 0000 

Triggering +, Ext 

Sensitivity Clockwise 

Recovery Time Centered 

Horiz Pos As is 

Type 568 

Inten Normal brightness 

Focus Adjusted for well-focused 
trace 

Calibrator Off 

CRT Cathode Selector Chopped Blanking 

Others As desired 



~ 
Sampling Vertical Unit 

Input Signal None 
Mode Dual-Trace 
Channels A and B 

Units/div 100 
Variable Calis 
Invert Pushed in 

Ch A DC Offset Dial Trace just above CRT 
conter 

Ch B DC Offset Dial Trace just below CRT 
center 

Test Oscilloscope 
Horizontal Display A 
Time/Div Jims (calibrated) 
Triggering Auto, +, AC, Int 
Vertical Mode Channel 1 
Channel 1 

Input Selector pc 
Volts/Div 2 (calibrated) 
Position Centered Trace 

8. Adjust Ch A Memory 0% Range (R1064) 
«a. Turn off the Type 230 Power switch and remove the Ch 

A Memory circuit card. 
b. Remove the circuit card extender from the holding slot 

next to the Limit circuit card. Connect the front and rear 
sections of the extender card together. 

«, Insert the extender card in the Ch A Memory card jack 
cond insert the Ch A Memory card in the extender 

d. Turn on the Type 230 Power switch and allow about 1 
minute for warmup. 

©. Check that all four intensified zones are visible on the 
Type 568 CRT. 

f. Set the test oscilloscope Channel 1 Input Coupling 
switch to Gnd, 

9. Position the test oscilloscope trace 1 division below the 
center horizontal graticule line. 

h. Attach the 1% test probe to pin L of the extender card 
(Fig, 73) 

i. Change the test oscilloscope Input Coupling switch to 
DC and trigger the test oscilloscope to obtain a stable 
display. 

i, CHECK—Test oscilloscope display (see Fig. 7-4): Chan: 
nel A 0% Memory discharged level 60 volts =0.5 volt above 
the ground reference set up in part g of this step. 

k, ADJUST—R1064, 0% Range adjusiment on the Ch A 
Memory cirevit card (Fig. 7-3) for a memory discharged level 
+60 volts above the ground reference. 

Calibration—Type 230 

Fig, 7-3, Memory clrcult card ‘connected 
te Pin L 

tended and the 1X pr 

9. Adjust Ch A Memory 100% Range (R154) 
a, Move the 1 test probe to pin U of the extender card. 

b. Set the test oscilloscope Triggering Slope switch to — 
cand trigger the test oscilloscope display. 

c. CHECK—Test oscilloscope display (see Fig. 7-4): 100%. 
Memory discharged level 2.0 volts :+0.5 volt below the 
ground reference level, 

d. ADJUST—R1154, 100% Range adjustment on the Ch A 
Memory circuit card (Fig. 7-3) for a memory discharged level 
20 valls below the ground reference level. 

‘e. Disconnect the test probe from the extender card. 

10. Adjust Ch A Memory 0% Balance (R1077) 

co. Turn off the Type 548 Power switch and remove the 
Sampling plug-in unit 

b. Turn off the Type 280 Power switch, 

c. Remove the Ch A Memory circuit card, disconnect it 
from the extender card, and re.insert the memory circuit card 
into its jack. 

d. Extend the Buffer circuit card, 

fe. Connect the 33k2 resistor across pins 21 and Y of the 
extender card, 
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f. Set the Type 230 Triggered Measurement switch to On, 
then turn on the Type 230 and Type 568 Power switches. 

g. Set the differential voltmeter to 0 volts. 

h. Connect the differential voltmeter between test points 
1410 and 1460 on the Start Comparator circuit card (Fig. 
7-5). 

i. CHECK—Meter reading: 0.000 volt -£0.006 volt. 

j. ADJUST—R1077 (black}, 0% Balance adjustment on the 

Ch A Memory circuit card for a meter reading of 0.000 volt 
(Fig. 7-5). 

11. Adjust Ch A Memory 100% Balance 
(R1147) 

a. Move the negative lead of the voltmeter from test point 
1460 to test point 1430 (Fig. 7-5). 

b. CHECK—Meter reading: 0.000 volt 0.006 volt. 

c. ADJUST—R1147 (brown}, 100% Balance adjustment on 

the Ch A Memory circuit card for a meter reading of 0.000 
volt (measured across test points 1410 and 1430). 

d. Remove the voltmeter leads from the test points. 

e. Return the test oscilloscope Triggering Slope switch 
to +. 

f. Turn off the Type 230 and Type 568 Power switches. 

g. Remove the 33 kQ resistor, disconnect the extender card, 

and re-insert the Buffer circuit card into the Type 230. 

h. Re-install the Sampling plug-in unit in the Type 568. 

i. Turn on the Type 230 and Type 568 Power switches. 

12. Adjust and Check Ch B Memory Circuit 

a. Turn off the Type 230 Power switch and extend the Ch 
B Memory circuit card. 

b. Turn on the Type 230 Power switch and allow about 
] minute warmup. 

c. Reset the following controls: 

Type 230 

Triggered Measurement Off 

Time Measurement Start Point 

Channel B 

Time Measurement Stop Point 

Channel B 

d. Repeat steps 8 through 11, starting at step 8f, to adjust 
and check the Ch B Memory circuit card. All references to 
Ch A should be interpreted as Ch B. At step 10e, connect the 
33 kQ resistor across pins 27 and EE instead of 21 and Y. 

0% Memory 
Discharged Level 

/ rT 
E Charged 
t Level 

Ch tlael 1 Sool ed ealeeleabrilaadhadentedenbecdeah 

C 7 
r Ground Level 

diiyy handed eal eadpabealmahiatndenbentonl 
es 

H
H
 

e
t
 

(A) 

+-—~ Charged 
100% Memory + Level 
Discharged Level t 

ul taint cae t aan LAA’ Rama 

Ground Level 

(B) 

Fig. 7-4. Test oscilloscope display of (A) output of 0% Memory 
and (B) output of 100% memory. 

NOTES 
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PachA Pach 
Memory Memory PB Buffer PS Start Comparator. Cheultcard Creu card Cirout card Chreult card 

ag # P7 Stop Comparator 
Circuit card 

P1410 
P1430 
P1460 
1425 (brown) BAL? 

R625 (red) +2 adjustment adjustment 
1455 (yellow) 5V.GAIN 
adjustment 

R645 (brown) #1 adjustment 

R660 (rovn) X2 adjustment, 
11077 (black) 0% BAL 
adjustment 

G80 (yellow) SOV RAMP, : adjustment 
GAIN adjustment 

1445 (orange) OF F-BAL 
1147 (brown) 100% BAL adjustment 
adjustment 
‘R675 (gray) SV RANP DC. 1465 (red) BAL-2 adjustment 
pa al 1475 (blue) COMP-BAL 

670 (violet) SV RAMP GAIN. ¢ adjustment 
‘adjustment 

‘TP1470 
'SW1585 RUN/CALIBRATE 
‘witch 

SW671 5V-RUN-OV switch 

Fig. 7-5. Adjustment ond 

Control Settings Level %% Between Zones 
Type 230 Offset dials 0.0 

Triggered Measurement Off Slope eulat 
Display Time Fully counterclockwise Time Measurement Stop Point 
Measurement Mode Time ‘Channel A 
CCRT Intensification Level % Between Zones 

Time Measurement on Offset dials 0.0 
Ref Zones Both Slope Ist 

‘Measurement Averaging 1 Upper Limit +3999 
Ch A Reference Zones Lower Limit 3999 
0% Position Index dot straight up . i 
100% Position Index dot straight up bee a at 
0% Level—Width Average 3M Program Salector Int 
100% Level—Width Average 3CM Time/Div 100 ns 

Ch B Reference Zones Samples/Sweep 1000 
0% Position Index dot straight up Delay ‘0000 
100% Position Index dot straight up Triggering +, Bet 
(0% Level—Width Average 3M Sensitivity Clockwise 
100% Level—Width ‘Average 3M Recovery Time Centered 

Time Measurement Start Point Horiz Pos Trace start at graticule 
Channel A left edge 
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Type 568 
Inten Normal brightness 
Focus Adjusted for well-ocused 

trace 
Scale tllum AAs Desired 
Calibrator of 
CRT Cathode Selector Chopped Blanking 

Sampling Unit 
Input Signal None 
Mode Dual-Trace 
Channels A and B 

Units/Div 100 
Variable Cal 
Invert Pushed In 
DC Offset Di 000 

Test Oscilloscope 
Horizontal Display A 
Time /Div 2ms (calibrated) 
Triggering Auto, +, AC, Int 
Vertical Mode Channel 1 
Channel 1 

Input Selector GND 
Volts/Di 5. (calibrated) 
Position Centered Trace 

13, Adjust Start Comparator Offset Bal (R145) 
©, Sot the front-panel controls as given following step 12. 
b. Tum off the Type 230 Power switch, remove the ex: 

tender card, and remove both Memory circuit cards. Note 
the positions of these cards, so that each may be re-installed 
ints original place, 

c. Extend the Start Comparator circuit card on the ex- 
tender card 

d. Connect the two-ended shorting strap across D1445 on 
the Start Comparator card (see Fig. 7-6A). 

fe. Connect the three-ended shorting strap to pins 8, H 
‘and J of the extender card (see Fig. 7-68) 

4. Turn on the Type 230 Power switch and allow about 1 
minute for warmup. 

9, Connect the test oscilloscope probe ground lead to pin 
1 of the extender card (reference ground) and connect the 
probe tip to either end of D1445 {see Fig. 7-64 

h. Set the test oscilloscope Input Coupling switch to DC. 

i, CHECK—Test oscilloscope trace position: Centered trace 
£1 major division (0 volts =0.5 volt). It may be necessary 

7-10 

766.043 = 
3° 

01445 

ww 3 

Stor! Comperotor clrult cord with (A) location of 01445 
cial shoring sleop connected. cond (8) 

to increase the Volis/Div setting to initially locate the trace 
position 

i. ADJUST—R1445 (orange), Off Bal adjustment (located 
on the Start Comparator circuit card, Fig. 7-5) for a centered 
trace on the test oscilloscope display.. Wait for | minute, then 
readjust if drift has occurred. 

k. Turn off the Type 230 Power switch, 
|. Remove the probe, ground lead, and the two-ended 

shorting strap from the Type 230. 
m. Turn on the Type 230 Power switch and allow about 1 

minute for warmup.
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14. Adjust Start Comparator Bal 1 (R1425) 

a. Connect the differential voltmeter between test points 
1450 (positive lead) and 1460 (negative lead) on the Start 
Comparator circuit card (see Fig. 7-5). 

b. CHECK—Meter reading: 0.000 volt +1 mV. 

c. ADJUST—R1425 {brown}, Bal 1 adjustment on the Start 

Comparator circuit card (Fig. 7-5) for a meter reading of 
0.000 volt. 

15. Pre-adjust Start Comparator Bal 2 (R1465) 

a. Move the positive lead of the differential voltmeter 
from test point 1450 to test point 1470 (see Fig. 7-5). 

b. CHECK—Meter reading: 0.000 volt 2 mV. 

c. ADJUST—R1465 (red), Bal 2 adjustment on the Start 

Comparator circuit card (Fig. 7-5) for a meter reading of 
0.000 volt. 

d. Leave the voltmeter leads connected for a later step 
in this procedure. 

16. Adjust Start Comparator Comp Bal (R1475) 

a. Connect the test probe ground lead to pin FF and the 
1X test probe tip to pin 7 of the extender card. 

b. Set the test oscilloscope Triggering Level control for a 
free-running display. 

c. Position the display so that it is centered on the center 
horizontal graticule line of the test oscilloscope CRT. 

d. Set the Type 568 Samping Sweep Time/Div control to 
10 ys. 

e. CHECK—Test oscilloscope display. Noise waveform 
similar to that shown in Fig. 7-7. 

f, ADJUST—R1475 (blue), Comp Bal adjustment on the 

Start Comparator circuit card (Fig. 7-5) so that the maximum 

intensity portion of the noise display is at the center of the 
display excursion. 

g. Remove the test probe from the extender card. 

17. Adjust Start Comparator 5 V Gain (R1455) 

a. Set the Run/Calibrate switch (see Fig. 7-5) to the Cali- 
brate position. 

b. Set the voltmeter to +5.000 volts. 

c. Set the Type 230 Time Measurement Start Point Level 
switch to mm Above 0% Zone. 

d. CHECK—Meter reading +5.000 volts +14.5 mV, with 
the voltmeter connected between test points 1470 and 1460 
on the Start Comparator circuit card. 

e. ADJUST—R1455 (yellow), 5 V gain adjustment (Fig. 7-5) 
for a meter reading of +5.000 volts. 

Calibration—Type 230 

| | 

: Signal 

Excursion 

Fig. 7-7. Typical test Oscilloscope display when adjusting Start 
Comparator Comp. Bal. 

18. Adjust Start Comparator Bal 2 (R1465) 

a. Set the voltmeter polarity to —. 

b. Set the Type 230 Time Measurement Start Point Level 
switch to mm Below 100% Zone. 

c. CHECK—Meter reading: —5.000 volts +2 mV. 

d. ADJUST—R1465 (red), Bal 2 adjustment (Fig. 7-5), for 

one-half the error from 5.000 volts if the voltage does not 
meet the --?2 mV tolerance. 

e. Repeat steps 17b through 18d until both voltages are 
within tolerance. 

f. Set the voltmeter polarity to +. 

g. Set the Type 230 Measurement Start Point Level switch 
to Horiz mm From Swp Start. 

h. CHECK—Meter reading: +5.000 volts +14.5 mV. 

i. Set the voltmeter to 0.000 volt. 

j. Set the Type 230 Time Measurement Start Point Level 
switch to mm Below 100% Zone. 

k. Set the Start Comparator Run/Calibrate switch to the 
Run position. 

|. CHECK—Meter reading: 0.000 volt 2 mV. 

m. Remove the voltmeter leads from the Start Comparator 
circuit card. 

n. Turn off the Type 230 Power switch. 

o. Remove the special shorting strap from pins B, H and J 
of the extender card and insert the two Memory circuit cards 
into the Type 230. Remove the extender card and insert the, 
Comparator card into the Type 230. 

p. Turn on the Type 230 Power switch and allow about 
1 minute for warmup. 
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Control Settings 

Type 230 

Triggered Measurement 

Display Time 

Measurement Mode 

CRT Intensification 

Time Measurement 

Ref Zones 

Measurement Averaging 

Ch A Reference Zones 

0% Position 

100% Position 

0% Level—Width 

100% Level-—-Width 

Ch B Reference Zones 

0% Position 

100% Position 

0% Level—Width 

100% Level—Width 

Time Measurement Start Point 

Channel 

Level 

Offset dials 

Slope 

Time Measurement Stop Point 

Channel 

Level 

Offset dials 

Slope 

Upper Limit 

Lower Limit 

Sampling 

Program Selector 

Time/Div 

Samples/Sweep 

Delay 

Triggering 

Sensitivity 

Recovery Time 

Horiz Pos 

On 

Fuily counterclockwise 

Time 

Off 

Both 

] 

Index dot straight up 

Index dot straight up 

Average .3CM 

Average .3CM 

Index dot straight up 

Index dot straight up 

Average .3CM 

Average .3 CM 

A 

% Between Zones 

0-0 

+, Ist 

A 

°% Between Zones 

0-0 

+, Ist 

+3999 

—3999 

Sweep 

Int 

T ps? 

1000 

0000 

+, Ext 

Clockwise 

Centered 

Trace start at graticule left 
edge 

‘On earlier models of the Type 568, set the Calibrator switch to 
20 kHz and the Time/Div switch to 5 “5S. 
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Type 568 

Inten Normal brightness 

Focus Adjusted for a well-tocused 
trace 

Scale II]um As desired 

Calibrator 100 kHz? 

CRT Cathode Selector Chopped blanking 

Sampling Unit 

Mode ChA 

Channel A 

Units/Div 100 

Variable Cal 

Invert Pushed in 

DC Offset dial 000 

Differential Voltmeter 

Polarity + 

19. Adjust Start Comparator Cal % (R1435) 

a. Set the front-panel controls as given following step 18. 

b. Connect the Type 568 Calibrator 5 V output via a 500 
BNC cable through a BNC to GR adapter to the sampling 
head input {Channel A). 

c. Connect the Type 568 + Pretrigger output via a 500 
BNC cable to the sampling sweep Ext trigger input. 

d. Trigger the display with the Type 568 sampling sweep 
Sensitivity control. Adjust the sampling sweep Recovery Time 
control for an optimum display. Vertically center the display. 

e. With the Type 230 Ch A Reference Zones Position con- 
trols, position the Channel A 0% zone just before the first 

positive-going segment of the square-wave signal, and the 
Ch A 100% zone just after the first positive-going segment 
of the display. 

f. Set the Start Comparator Run/Calibrate switch to Cali- 
brate. 

g. Connect the differential voltmeter between test points 
1430 and 1470 on the Start Comparator circuit card (see Fig. 
7-5). 

h. CHECK—Meter reading: 0.000 volt 14.5 mV. 

i. ADJUST—R1435 (green), Cal % adjustment {located on 
the Start Comparator circuit card, Fig. 7-5) for a meter read- 
ing of 0.000 volt. 

j. Disconnect the voltmeter leads. 

k. Remove the coaxial cables from the Type 568 Cali- 
brator outputs. 
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20. Check Start Comparator Offset Voltage Out 

a. Change the sampling sweep controls as follows: 

Trigger Sensitivity Fully counterclockwise 

Time/Div 100 ns 

b. Set the Start Comparator Run/Calibrate switch to Run 
(Fig. 7-5). 

c. Set the Type 230 Time Measurement Start Point Level 
switch to mm Above 0% Zone. 

d. Connect the differential voltmeter between test points 
1470 (positive lead) and 1460 {negative lead) on the Start 

Comparator circuit card. 

e. Set the Time Measurement Start Point Level Offset dials 

as given in Table 7-2. 

f. CHECK—Meter readings within the tolerance specified 
in the table. 

TABLE 7-2 

Comparator Offset Check 

Offset Diall Voltage Between Tolerance: 
Setting |TP1470 and TP1460) (0.25% +2 mV) 

0-0 0 mV 2.0 mV 

0-1 50 mV 2.1] mV 

0-2 100 mV +2.3 mV 

0-4 200 mV +2.5 mV 

0-8 400 mV +3.0 mV 

]-0 500 mV +3.3 mV 

2-0 ].0 volt +45 mV 

4-0 2.0 volts 7.0 mV 

8-0 4.0 volts 12.0 mV 

9-9 4,95 volts 14.4 mV 

g. Disconnect the voltmeter ledds. 

21. Adjust and Check Stop Comparator Circuit 

a. Repeat steps 13 through 20 of this procedure to cali- 
brate the Stop Comparator circuit card. The calibration pro- 
cedure is exactly the same as for the Start Comparator circuit 
card. The illustrations and control settings used in conjunction 
with steps 13 through 20 should be used with this procedure, 

except that “Time Measurement Start Point’ should be inter- 
preted as “Time Measurement Stop Point’ and ‘Start Com- 
parator circuit card” should be interpreted as “Stop Com- 
parator circuit card”. 

Control Settings 

Type 230 

Triggered Measurement Off 

Display Time Centered 

Measurement Mode 

CRT Intensification 

Time Measurement 

Ref Zones 
Measurement Averaging 

Ch A Reference Zones 

0% Position 

100% Position 

0% Level—Width 

100% Level—Width 

Ch B Reference Zones 

0% Position 

100% Position 

0% Level—Width 

100% Level—Width 

Time Measurement Start Point 

Channel 

Level 

Offset dials 

Slope 

Time Measurement Stop Point 

Channel 

Level 

Offset dials 

Slope 

Upper Limit 

Lower Limit 

Calibration—Type 230 

Time 

On 

Off 
1 

Index dot straight up 

index dot straight up 

Average .3CM 

Average .3CM 

Index dot straight up 

Index dot straight up 

Average .3CM 

Average .3CM 

A 

Horiz mm From Swp Start 

1-0 

+, Ist 

A 

Horiz mm From Swp Start 

9-0 

+, Ist 

+3999 

—3999 

Sampling Sweep 

Program Selector 

Time/Div 

Samples/Sweep 

Delay 

Triggering 

Sensitivity 

Recovery Time 

Horiz Pos 

Int 

1 pS 

1000 

0000 

+, Ext 

Free-running trace 

Centered 

Trace start at graticule left 
edge. 

Type 568 

Inten 

Focus 

Scale Illum 

Calibrator 

CRT Cathode Selector 

Normal Brightness 

Adjusted for a well-focused 
trace 

As desired 

Off 

Chopped Blanking 

7-13 
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Sampling Unit 
Input Signal None 
Mode Cha 
Channel A 

Units/Div 100 
Variable Cal 
Invert Pushed in 
DC Offset dial 000 

22. Adjust Buffer 5 V RAMP DC Level (R675) 
Model 4-up 

©, Set the 5 V-RUN-OY switch on the Buffer circuit card to 
the OV positon (Fig. 7-5). 

b. Connect the differential voltmeter between test points 
1410 and 1460 on the Start Comparator circuit card. 

c. CHECK—Meter reading: 0.000 volts =1-0.020 volt 
d. ADJUST—R675 (gray) 5V RAMP DC Level adjustment 

(on the Buffer circuit card) for a meter reading of 0.000 volts. 

23. Adjust Buffer 5 V RAMP Gain (R670) Model 
4-up 

«. Set the differential voltmeter to +5 volt 
b. Set the 5 V-RUN.0V switch to the 5 position 
¢. CHECK—Meter reading: 1/10 the 50V supply reading 

10.025 volt 
d. ADJUST—R670 violet), 5 V RAMP Gain adjustment on 

the Buffer card for @ meter reading of 1/10 the +50 V supply 
reading 

fe. If adjustment of R670 was required, recheck the 5V 
RAMP DC Level adjustment as described in step 22. 

f. Remove the meter leads from the test points. 
9 Set the 5V-RUN-OV switch to the RUN position. 
h, CHECK—Type 230 readout: +.08.00uS. Typically, the 

readout will not vary more than 5 counts 
i, Adjust the Type 568 Inten control so that only the inten- 

sified zone is displayed. 
i. CHECK—Type 568 display: Intensified zone length of 

8.0 major divisions ~+-Y/, minor division, 
k. Adjust the Sampling Sweep front-panel Horiz Gain 

adjustment, if necessary, to obtain an intensified zone length 
(9 8.0 maior divisions. 

24. Adjust Buffer Voltmeter Ramps (R645, 
R635, R660) 

1a. Change the following front panel controls: 

sws22 
Run/Cal 
‘Switch 

Fig. 7-8, Locotion of Run/ Calibrate switch on the Counter lruit cord 

Type 230 
Time Measurement Start Point 

Level mm Above 0% Zone 
Offset dials 00 

Time Measurement Stop Point 
Level mm Above 0% Zone 
Offset dials 80 

Measurement Averaging 8 
b. Set the Type 280 RUN/Calibrate switch to Calibrate 

(located on the counter circuit boards Fig. 7-8) 
. Set the Sampling Plug in Units/Div switch to 200. 
d. Position the Type 548 trace at the bottom horizontal 

graticule line 
fe. CHECK—Type 230 readout: 41.600 V 0.008 V. 

f. ADJUST—R660 (green) 2 adjustment on the Buffer 
circuit card, (see Fig. 78) for a Type 230 readout of 41.600 V. 

g. Set the Sampling Plug in Units/Div switch to 100. 
h. Position the Type 568 trace to the bottom horizontal 

graticule line, 
i. CHECK—Type 230 readout: +0800. MV -!:0004. MY. 
i. ADJUST—R645 (brown) + 1 adjustment on the Buffer 

circuit card, (Fig. 7-5) for a Type 230 readout of +0800, MV. 
k. Set the Sampling Plug in Units/Div switeh to 50. 
|. Position the Type 568 trace to the bottom horizontal 

graticule line. 
m, CHECK—Type 230 readout: +0400. MY 0002. MV.
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1. ADJUST—R635 (red), + 2 adjustment on the Buffer cir- 

cuit card (see Fig. 7-5) for a Type 230 readout of +0400 MV. 
©. Return the Sampling Plug in Units/Div switch to 100. 
. Return the Run/Calibrate switch (on the Counter board) 

to Run, 

25. Adjust Ch A Zone Generator 0% Position 
(R805) and 100% Position (R905) 

«a. Reset the following front-panel controls: 

Type 230 
CRT Intensification 

Ref Zones, 0% 
Time Measurement Off 
b. Position the Channel A trace slightly above the center 

horizontal graticule line, 
c. Check that the Type 568 sweep starts at the extreme 

left vertical graticue line, Adjust the Sampling Sweep Horiz 
Pos control if necessary. 

d. Turn the Ch A Reference Zones 0% Position control to 
set the index dot on the knob 2 positions clockwise from the 
straight-up position, 

¢. CHECK—Type 568 display: Channel A 0% intensified 
zone starts within ¥ minor division of the I-cm vertical grati 
cule line (1 em in from the extreme left vertical line) 

f. ADJUST—R8OS (black), the 0% Position adjustment on 
the Ch A Zone Generator circuit card (Fig. 7-9), so that the 
intensified zone starts at the I-cm vertical graticue line 

9. Set the CRT Intensification Ref Zones switch to 100%. 
h, Turn the Ch A Reference Zones 100% Position control 2 

positions clockwise from the straight-up position of the index 
dot 

i, CHECK—Type 568 display: Channel A 100% intensified 
zone starts within Y/p minor division of the 1-em vertical grati 
cule line, 

i. ADJUST—R905 (brown), the 100% Position adjustment 
on the Ch A Zone Generator circuit card (Fig. 7-9) so that the 
intensified zone starts at the 1-cm vertical graticule line. 

26. Adjust Ch B Zone Generator 0% Position 
(R805) and 100% Position (R905) 

‘0. Set the Sampling Unit Mede switch to Ch 8. 
b, Repeat step 25 for calibration of the Ch 8 Zone Gener- 

ator 0% Position and 100% Position adjustment. References 
to Channel A should be interpreted as Channel 8 
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GhB Zone OhA Zone 
Generator Generator 

ireuit card Circuit eard 

R805 (black) 0% 
POSITION adjustment 

879 (whi 
adjustment 

905 (brown) 100% 
POSITION adjustment 

979 (orange) 100% 
WIDTH adjustment 

27. Adjust Ch B Zone Generator 0% Zone 
Width (R879) and 100% Zone Width (R979) 

a. Position the 100% intensified zone on the Type 568 
trace to the center vertical graticule line (Index dot straight 
down) 

b. CHECK—Type 568 CRT display: 
of 0.3 em =0.1 em. 

¢. ADJUST—R979 orange}, Ch B Zone Generator 100% 
Zone Width adjustment (Fig. 7-9) for 0.3.em intensified zone 
width, 

Intensified zone width 

d. Position the 100% intensified zone on the Type 568 
trace to the extreme left vertical graticule line (Index dot 
straight up), 

fe. Set the Ch B 100% Level-Width switch to 2.CM. 
{. CHECK—Intensified zone width: 

division) 
g. Set the Ch B 100% Level-Width switch to 4 CM, 

2em -£2mm (1 minor 

h, CHECK—Intensified zone width: 4.em -+4 mm (2 minor 
divisions}, 

i, Set the Ch B 100% Level-Width switch to 10 CM. 
i, CHECK: 

sweep, 
Intensified zone width: Intensification of entire
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k. Set the CRT Intensification Ref Zone switch to 0%. 

|. Position the 0% intensified zone on the Type 568 dis- 
play to the center vertical graticule line (Index dot straight 
down). 

m. CHECK—Type 568 CRT display: 
0.3 em 0.1 cm. 

n. ADJUST—R879 (white}, Ch B Zone Generator 0% Zone 

Width adjustment (Fig. 7-9} for 0.3 cm intensified zone width. 

Intensified width of 

o. Position the intensified zone on the Type 568 trace to 
the extreme left vertical graticule line (Index dot straight up). 

p. Set the Ch B 0% Level-Width switch to 2 CM. 

q. CHECK—Intensified zone width: 2cm =:2mm (1 minor 
division). 

r. Set the Ch B 0% Level-Width switch to 4 CM. 

s. CHECK—Intensified zone width: 4m -4 mm (2 minor 
divisions). 

t. Set the Ch B 0% Level-Width switch to 10 CM. 

vu. CHECK—Intensified zone width: 

tire sweep. 

v. Set both Channel B Level-Width switches to Average 
3 CM, 

Intensification of en- 

28. Adjust Ch A Zone Generator 0% Zone 
Width (R879) and 100% Zone Width (R979) 

a. Set the Sampling Unit Mode switch to Ch A. 

b. Set the CRT Intensification Ref Zones switch to 100%. 

c. Repeat step 27. All references to Channel B should be 
interpreted as Channel A. 

29. Adjust Buffer 50 V RAMP Gain (R680) 

a. Set the Sampling Unit Mode switch to Dual-Trace. 

b. Position the Channel A trace slightly above the center 
horizontal graticule line and the Channel B trace slightly 
below the center horizontal graticule line. 

c. Turn the Ch A and Ch B Reference Zones 0% Position 
controls 2 positions counterclockwise from the straight-up 
position. 

d. CHECK—Type 568 display: Channel A and Channel B 
0% intensified zones start within /) minor division of the 9-cm 

vertical graticule line (1 cm to the left of the extreme right 
graticule line). 

e. ADJUST—-R680 (yellow), the 50V RAMP Gain adjust- 
ment on the Buffer circuit card (see Fig. 7-5), to position the 
start of the intensified zones at the 9-cm vertical graticule 
line. If adjustment of R680 is required, repeat steps 22, 23, 
25, 26, 27, 28 and 29. 

f. Set. the CRT Intens Ref zones switch to 100%. 

g. With the Ch A and Ch B Reference Zones 100% Posi- 
tion controls, position both intensified zones at the 9-cm 
vertical graticule line. 

h. CHECK—Type 568 display: Channel A and Channel B 
100% intensified zones start within / minor division of the 

9-cm vertical graticule line. If not correct, readjust R680 
(50 V RAMP Gain adjustment) for a compromise setting so 
that both the 0% and 100% intensified zone positions are 

within tolerance as described in parts d and h of this step. 

NOTES , 
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PROCEDURE CHANGES FOR TYPE 230 

EQUIPPED WITH BUFFER CIRCUIT CARD 

MODELS 1 THROUGH 3 
Do not follow steps 22, 23 and 29 in the main procedure. 

Instead, substitute the following steps in place of steps 22 
and 23: 

22. Adjust Buffer Sweep DC Level (R675) 
a. Set the controls as given following step 21 with the 

following exceptions: 

Type 568 
Power off 

Type 230 
Power Off 
Triggered Measurement On 

b, Remove the Sampling Sweep Unit from the Type 5é8. 
c. Set the Differential Voltmeter to 0 Volt. 
d. Extend the Buffer circuit card, 
e. Connect the two-ended shorting strap across pins P 

and FF of the extender card 
f. Turn on the Type 230 Power switch, 
9. Connect the positive meter lead to pin Land the nega 

tive lead to pin FF of the extender card, 
h, CHECK—Buffer Sweep DC Level: 0.000 volt -+0.020 

volt. 
i, ADJUST—R675 (gray), SWP DC LEVEL adjustment for a 

voltmeter reading of 0,000 volt (Fig. 7-10) 
j. Turn off the Type 230 Power switch and remove the 

meter leads, 

23. Adjust Buffer Sweep Gain (R670) 
‘2, Connect the two-ended shorting strap across pins P and 

V of the extender card 
b, Set the Differential Voltmeter to 4-50.00 volts 
cc. Turn on the Type 230 Power switch, 
d. Connect the positive meter lead to pin V (+50 volts) 

‘ond the negative lead to pin FF (ground) of the extender 
card. 

©, Record the meter reading; it should be +50 volts =+0.5 
volt 

f, Disconnect the positive lead from pin V and set the 
meter to +5.000 voll. 

g. Connect the positive meter lead to pin L of the extender 
card, 

Fig. 7-10. Location of Sweep Gain and Sweep DC Level adustments 
‘on the Bulfer circuit card, (Models 1-3) 

h, CHECK—Bulfer Sweep Gain: Meter reading of one 
tenth the voltage recorded in part ¢, -+0.025 volt 

i. ADJUST—R670 (violet), SWP GAIN adjustment for one 
tenth the voltage recorded in part e (Fig. 7-10). 

j. Turn off the Type 230 Power switch, 
k. Disconnect the meter leads and shorting strap from the 

extender cord 
|. Remove the Buffer circuit card and the extender card, 

then re-install the Buffer card in its jack (25), 
1m, Re-install the Sampling Sweep Unit into the Type 568. 
This completes the calibration procedure for the Type 230. 

Turn off and disconnect all test equipment. Replace the ex 
tender circuit cards into their holder and secure the front 
ponel.
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Type R230 

SECTION 8 

RACKMOUNTING 

Introduction 
The Tektronix Type R230 is designed to be mounted in 

@ standard 19-inch.wide rack with universal hole spacing! 
When mounted with the ruggedizing hardware as described 
below, and when properly calibrated, this instrument will 
‘meet all electrical and environmental specifications given in 
Section 1 

General Information 
The slide-out tracks provided with the Type R230 per: 

mit it to be extended out of the rack for troubleshooting or 
servicing (see Fig. 8-1). When not extended, the instrument 
is held into the rack with four securing screws. 

The chassis sections of the slide-out tracks are installed 
‘on the chassis at the factory, and the stationary sections are 
to be attached to the mounting rails of the racks. When 
installed, the intermediate sections slide freely between the 
chassis and stationary sections as the instrument is pulled 
‘out or pushed into the rack 

land tapped in the support rails 
Figs. 85 and 8.9 

the locations indicated in 

‘The mounting hardware provided with the Type R230 is 
intended to make the tracks adaptable to a variety of racks 
and installation methods. Not all of the hardware will be 
needed for any particular installation, so only the parts that 
are required for the specific mounting method should be 
sed, 

In order to operate the Type R230 in the extended posi: 
tion, the instrument must be mounted close enough to its 
companion instruments to permit the interconnecting 
‘cables to reach between instruments, and the input power 
connection must be located close enough for the power 
cord to reach, 

Mounting Considerations 
‘A wide variety of mounting methods are available for 

installing the slide-out tracks in the rack. The following 
factors should be taken into consideration when choosing 
the mounting method for a particular installation: 

1. Depth of the rack. 

2. Degree of mechanical stability required, 

Fr 
mounting 

Stationary 
on 

Intermediate 
Chassis 
section 

Fig. 81. The Type R230 extended on slide-out tracks. Shown with rack sides removed. 

©
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3. Mounting method used for other instruments in the 6. Relative thicknesses of the front panels of the various 

rack. instruments in the rack. 

4. Type of mounting holes in the supporting rails; that 

is, whether they are tapped, untapped, or countersunk. 7. Genera! appearance desired for the completed rack 

assembly. 

5. Whether or not the rear support rails are movable, 

whether they can be positioned at any location or moved 

only in discrete increments. 
8. Length of the stationary sections of the slide-out 

tracks. 

Serial Number Stationary/Intermediate Chassis Sections (Group) 

Range Sections 

Length Tek. Part No. Length Tek. Part No. 

B010100-B030209 22 in. 351-0086-00 113/4in. 351-0027-00 A 

B040210-B050322 20 in. 351-0085-00 113/4in. 351-0027-00 B 

B050323 and up 22 in. 351-0086-00 131/4in. 351-0082-00 Cc 

Automatic 

latch hole 

Front 

Stationary 

section 

Intermediate 
section 

Chassis 
section 

mounting flange 

Stop latch hole 

Stop latch 

Detent release 
knob (pull to 
release for 

tilting) 

Fig. 8-2. Slideout track assemblies. 



These factors will usually determine whether the front 
jing flanges of the stationary sections are to be 

mounted in front of the rails or behind them, whether or 
not the ruggedizing rear-support hardware is to be used, etc. 

Different lengths of slide-out tracks (Fig. 8-2) have been 
shipped with different Serial Numbers of Type 230's, These 
are as follows: 

NOTE 
These Serial Number ranges are provided as @ general 
guide, but do not apply to all instruments. The pri- 
‘mary criteria to be used for mounting purposes are 
the actual lengths of the slide-out track sections sup- 
plied with the instrument. Hereafter, these three com- 
binations will be referred to as “Group A”, “Group 
B” and “Group C”. 

Front-End Mounting with Tapped Front Rails. If the 
mounting holes in the front rails of the rack are tapped for 
10.32 screws, the easiest method of attaching the front 
ends of the stationary sections to the rack is to mount the 
front flanges in front of the front rails (see Fig. 8:6 and 
8). When mounted in this position, 10-32 pan-head screws 
‘may be used directly to attach the front flanges to the rails, 
or 10-32 flat-head screws may be used with countersunk 
shim material to clamp the front flanges to the rails. The 
uso of countersunk shim material provides better support 
for the front flanges and also permits depth adjustment of 
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the front panel. If the various instruments in the rack have 
different panel thicknesses, different thicknesses of shim 
‘material can be used to make the front surfaces of all panels 
flush with each other. The shim material should be approxi- 
mately 1/2-inch wide and have a minimum thickness of 
approximately 1/8 inch to accommodate the countersunk 
screw heads. Each strip should be at least as long (vertical 
dimension in the rack) as the width of the front flanges of 
the stationary sections (3 1/8 inches). Since the dimensions 
of the shim material are determined entirely by the dimen- 

jons of the rack installation, no shim material is provided 
with the mounting hardware, 

NOTE 
When the flanges are mounted in front of the front 
rails or when shim material exceeding 1/8-inch in 
thickness is used, special adjustment of the rugged: 
izing rear-mount hardware may be required (see 
Standard Rear-End Mounting below). 

Front-End Mounting with Untapped Front Rails. If the 
mounting holes in the front rails are not tapped, bar nuts 
(Fig, 8-3) must be used behind the rails to accommodate 
the mounting screws, All of the options previously de 
scribed for tapped front rails also apply to the untapped 
rails when used with bar nuts. In addition, the untapped 
front rails (with bar nuts) permit the front mounting 
flanges to be attached to the rear sides of the front rails (see 
Fig, 8-6C), When mounted in this position, the flanges are 
clamped between the bar nuts and the front rails, Either 
10-32 pan-head screws or 10:32 flathead screws with shim 

ification of mounting hardware provided with the Type R230. (Shim material described in the toxt is not provided.) 
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material may be used as described for tapped front rails, or 

10-32 flat-head mounting screws may be countersunk into 

the front rails. 

Standard Rear-End Mounting. To provide an adequate 

shock-mounted installation, the rear end of each stationary 

section must be mounted firmly to a rear-support rail using 

the ruggedizing hardware. If the rack does not have a strong 
supporting member located the correct distance from the 
front rails (Fig. 8-4), an additional support must be provi- 
ded. The instrument will not meet the environmental speci- 

fications unless firmly supported at this point. Use the 

10-32 round-head screws provided in the ruggedizing kit 

(see Fig. 8-7) to mount the rear bar supports to the rear 
rails, and use 10-32 pan-head screws to attach the station- 

ary sections of the tracks to the bar supports. If the mount- 

ing holes in the rear rails are not tapped, bar nuts must also 

be used for mounting the bar supports. For instruments 

equipped with 20-inch stationary sections (Group B), an 

additional rear mounting bracket (Fig. 8-3) is required be- 

tween each stationary section and the rear mount. 

NOTE 

If the front flanges of the stationary sections are 
mounted in front of the front rails, or if more than 

18-inch of shim thickness is used for mounting the 

front flanges, or if the support rails are located at 

fixed positions such that the distance from the front 
surface of the front rail to the rear surface of the rear 
rail is slightly greater than 21 inches, additional wash- 
ers and possibly longer support-pin and/or securing 

bushing screws (Fig. 8-7] may be needed to make the 

ruggedizing support fit securely. No more than about 

1/2 inch of washer thickness can be added to each 
rear-support mounting without deteriorating the rug- 

gedizing capability of the installation. 

Non-Ruggedizing Rear-End Mounting. If the rear sup- 

port rails cannot be positioned so that the distance from 

the front surface of the front rails to the rear surface of the 

rear rails is between 21 and 21 1/2 inches, the rear-mount 

ruggedizing hardware cannot be used. Also, if the particular 

installation does not require a high degree of physical rigid- 

ity, the use of ruggedizing hardware may be omitted. In 

either of these cases, an alternative method of supporting 

the rear ends of the stationary sections is required. Fig. 

8-11 illustrates two alternative mounting methods using the 

rear-mounting brackets and not the ruggedizing hardware. 

The depth between the front and rear rails of the rack will 

determine which of these configurations should be used. 

Front flange 
mounted in front 

of front rail 

18 1/4 inches 
. (+ 3/8, - 1/16 inch) 

Rail Opening between A ‘Ruggedizing 

support support screws hardware 

~-+ =<. 

S = vn 
Left La ~ reor 

rear 17 5/8 inches rail 

rail Minimum opening 
between rails 

i 

20 3/4 inches 20 13/16 inches 
(41/8 inch) (£1/8 inch) 

from front of — Slide—-out track from rear of 
front rail stationary front rail 
to reor of section to reor of 
rear rail rear rail 

NT 

Left iy Right 
front 17 5/8 inches front 
rail Minimum opening rail 

between rails 

t 
18 1/4 inches I 

(4 3/8, — 1/16 inch) - 

Opening between 
support screws 

Front flange 
mounted behind 

front rail 

Rack cobinet 

Fig. 8-4. Required spacing of support rails for mounting stationary sections of slide-out tracks. 
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CAUTION 
Although the alternative mounting methods shown in 
Fig. 8-11 provide adequate support under normal 
‘operating conditions, they do not provide the solid 
rear-mount support required to meet the environ- 
‘mental specifications of the instrument. If mounted 
without the ruggedizing hardware, the instrument 
‘may be damaged by severe vibration or shock. 

Rack Dimensions 
Fig. 84 shows the maximum and minimum dimensions 

required between support rails to provide adequate support 
for the Type R230 and proper operation of the slide-out 
tracks. Minimum overall depth of the rack from the front 
surface of the front rails must be at least 22 1/2 inches to 
accommodate the rear-mount ruggedizing hardware, power 
cord and interconnecting cables, and to provide enough 
space for air circulation. (If 20-inch stationary sections are 
used with rear mounting brackets, the overall rack depth 
‘must be at least 23 1/8 inches.) 

Mounting Procedure 

The following mounting and alignment procedures use 
the rear-support ruggedizing hardware for attaching the rear 
end of each stationary section to the rear support rail, If 
the ruggedizing hardware is not to be utilized, refor to the 
procedure exceptions given under Non-Ruggedized Mount: 
ing which follows the Alignment Procedure. 

Rackmounting—Type R230 

‘The stationary and intermediate sections of the slide-out 
tracks are shipped as matched pairs and should not be sepa- 
rated. To distinguish between the right and left stationary/ 
intermediate assemblies, note the position of the automatic 
latch (see Fig. 8-2) in each assembly, The automatic latch 
should be located near the bottom of the assembly when it 
is installed in the rack. 

Use the following procedure to install the stationary sec- 
tions of the slide-out tracks and the Type 230 in the rack: 

1, Referring to Fig. 8:5, select the proper front-rai 
mounting holes for the stationary sections, 

2a. If the front flanges of the stationary sections are to 
be mounted in front of the front rails, mount the front of 
each stationary section as shown in Fig. 8-6A or B. 

2b. If the front flanges are to be mounted behind the 
front rails, mount the front end of each stationary section 
as shown in Fig. 8-6C, 

3. With the front end of each stationary section at- 
tached to the front rail, hold the track in a level position in 
the rack and locate the proper re mounting holes for 
the ruggedizing hardware (see Fig. 8:9). 

) 

85. Vertical mounting position for front end of slide-out tracks. Left stationary section (only) is shown. 

85
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TAPPED FRONT RAILS: 
J 

(A) | | Stationary (B) 

section of 
slide-out 

track 

Left front 
support 

rail 

Left front 
support 

rail 

Shim 
material 

Front flange mounted 

in front of front rail 

screw (2ea) screw 
(2 ea) (2ea) 

UNTAPPED FRONT RAILS: 

| (c) 
Stationary Stationary 

sectian of section of 

slide-out slide-out 

track Left front track 

support 

rail 

Bar 

Shim Shim 
material material 

/ 

FHS screw (2 ea) 
screw (2 ea) 

(2 ea) (2 ea) 

Front flange mounted 
behind front rail 

Fig. 8-6. Methods for mounting front end of stationary sections as described in the text. Thickness of optional shim material is selected to com- 

pensate for differences in front-panel thickness of various instruments in rack. (Shim material is not provided with hardware.) 

4. Attach the bar supports (Fig. 8-7) to the rear support 

rails with the 10-32 round-head screws, using at least two 

mounting screws for each bar support. 

5. Mount the angle brackets and spacer blocks on the 

bar supports as shown in Fig. 8-7, but do not tighten the 

screws. 

6. Fasten the support pins and washers to the angle 

brackets in the order shown in Fig. 8-7, but do not tighten 

the screws. Be sure the spacers are properly centered. 

7a. If the instrument has 22-inch stationary sections 
(Group A or C), attach the rear end of each stationary 

section to the correspoinding bar support using at least two 

10-32 pan-head screws and a bar spacer. 

7b. If the instrument has 20-inch stationary sections 

(Group B), attach each rear mounting bracket to the bar 

support with two pan-head screws and fasten the mounting 

bracket to the stationary section as shown in Fig. 8-8. 

8. Remove the top dust cover from the Type R230 and 
mount the two securing bushings (Fig. 8-7) on the rear 

panel of the instrument with 1/4-20 hexagonal-head screws. 
Tighten the screws and replace the dust cover on the instru- 

ment. 

8-6 

9. Referring to Fig. 8-12, insert the instrument into the 

rack. Do not connect the power cord or interconnecting 

cables and do not install the securing screws. 

Alignment Procedure 

Use the following procedure to adjust the instrument 

alignment in the rack: 

1. Position the instrument approximately half-way out 

of the rack so that the point of rotation on each chassis 

section is adjacent to the front rail of the rack. 

2. Loosen the mounting screws holding the front 

mounting flanges to the front rails. 

3. Hold the instrument in the center of its mounting 

space and re-tighten the front mounting screws. 

4. Push the instrument all the way into the rack and 

check the vertical and horizontal alignment of the front 

panel of the instrument. If necessary, readjust the position- 

ing as described in steps 2 and 3. 

5. Push the instrument all the way into the rack again 
and install one securing screw on each side of the front 
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panel using a finishing washer and teflon washer with each 
securing screw as shown in Fig. 8-12. If the front rails are 
not tapped for the 10-32 securing screws, some other means 

of securing the instrument into the rack must be provided. 

7b. If the securing bushing and support pin do not fit 

tightly together, determine what adjustment is necessary; 

i.e., whether one or more additional washers are required 

for a tight fit, etc. Remove the securing screws, extend the 

instrument part way out of the rack and make the neces- 

NOTE sary changes in the ruggedizing hardware, then repeat steps 

5,6 and 7a. 

If the instrument does not slide all the way into the 

rack easily, check the fit of the rear-support rugged- 

izing hardware before installing the securing screws. If 8. Secure the front panel of the Type R230 to the front 

necessary, move the inside support-pin washer to the rails of the rack with the four securing screws (Fig. 8-12). 

outside of the angle bracket (Fig. 8-7). 

NOTE 

The securing screws are an important part of the 

shock-mounted installation. 

6. Press each securing bushing over the support pin and 

check alignment of the ruggedizing hardware. 

7a. If the securing bushings and support pins fit tightly, 

with the neoprene washers seated against the securing bush- 

ings, hold each angle bracket firmly in place and tighten the 
angle-bracket screws and the support-pin screw. Fig. 8-10 

shows the completed installation of the left rear support. 

9. After ali adjustments have been made and all hard- 

ware has been tightened securely, connect the power cord 

to a suitable power source and connect the program cables 

to the proper connectors on the rear panel of the instru- 

ment. 

Yq -20 
HHS Securing bushing Neoprene Bar support 

support washer 

Support 
pin Spacer 

block 

Angle 
bracket Typ 

Location 
of optional 
washers 

10-32 
HHS 
screw 

A L Np 
Yq4-20 
HHS 

screw 

(Support pin screw) 

Fig. 8-7. Rear-support ruggedizing hardware. Optional washers (Tektronix Part Number 210-0866-00) are for depth adjustment, if required, as 
described in the text. Optional washers are not provided with the mounting hardware. 
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Left 
support 

rail 
| 

Re 
"Srecket 

—_ 

Fig. 8-8, Method of mounting rear ond of 20-inch stationary section 
(Group B only), 

Non-Ruggedized Mounting 
If the ruggedizing hardware is not to be used, refer to 

Fig. 8-11 for mounting the rear end of each stationary sec 
tion and use the standard Mounting and Alignment pro: 
cedures as a guide, Omit the steps that apply only to the 
ruggedizing hardware and substitute the following steps for 
‘the corresponding steps given in the procedures: 

Mounting Procedure step 4. Attach the rear support 
brackets to the rear support rails as shown in Fig. 8-11 and 
tighten the screws securely. 

Adjustment Procedure 6. Loosen the screws that hold 
‘the rear support brackets to the support rails and allow the 
rear ends of the stationary sections to seek their normal 

88 

Fig. 8-9, Vertical mounting position for rear end of slide-out 
Loft stationary section (only) is shown. 

positions. Tighten the rear mounting bracket screws while 
holding up on the rear of the instrument so that the weight 
is removed from the brackets. 

Slide-Out Track Lubrication 
‘The special finish on the sliding surfaces of the slide-out 

tracks provides permanent lubrication. However, if the 
tracks do not slide smoothly even after being properly ad- 
justed, a thin coating of paraffin may be rubbed onto the 
sliding surfaces for additional lubrication. 

Removal and Re-insertion 
After the initial installation and adjustment of the slid 

out tracks, the Type 230 may be removed or re-inserted i 
the rack by following the instructions given in Fig. 8-12. 
Under normal circumstances, no further adjustments are 
required. 



Fig. 8-10, Completed inst 
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support. Mounting with 22-inch stationary seetion (Groups A and C) is shown, 

oy DEEP RACK CONFIGURATION: 

Lett wor 

rail 

1 aa ae 
i rocker | 

Wrecker 
| 10-32 

PHS 
(ee 

10-32 
PHS 

@ 

SHALLOW RACK CONFIGURATION 

tection of 
bea slide-out 

(optional) ack 
for untapped 

Fig. 8-11. Non-uggedized mounting: (A) For use with 20:inch stationary sections of racks deeper than 21 inches from the front of the front ito the rear of the rear rail; (B) For use with racks shallower than 21 inches. 
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TO INSERT THE TYPE R220 

track to Its fully extended 

2. Insert the chessis sections 
(6) into the intermediate se 
tions and push the instrume 
In until the atop latches hit 
the intermedior ne 
3, Prose both stop latches 
(€) ond push th 

I the stop. 
to the stop latch h 
4. (Instruments with 11% 
chossis sections, Group A 
only): Reach in just behind 
the instrument, press the auto 
Imotie latches (E) ond push the 
Instrument In about 2 or 3 in 

5. Press both stop late 
(©) ond push the instrument 
all the way into the rack, 

6. Insert the 4 securing screws 
(F), with finishing woshers and 
teflon washers, through the 
slots in the handle brocke 
‘ond serow them into t 
fella of the rock. 

ponel program connectors ond 
Connect the power cord to @ 
suitable power sour 

TO REMOVE THE TYPE R230, 
1. Disconnect the power cord 
nd temove the intercannecting 
ables from the reorspenel pros 

12. Remove the securing screws 
fond washers (F) 
4+. Pull the instrument outward 
until the stop latche: 

We stop latch hol 

4, Press both atop latches 
(0) ond pull the instroment 

‘out of the rack. 
‘5. Pross the automatic loteh 
in each intermediate section 
tnd push the track into the 
rock 
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PARTS LIST ABBREVIATIONS 

BHB binding head brass int internal 

BHS binding head steel Ig length or long 

cap. capacitor met. metal 

cer ceramic mtg hdw mounting hardware 

comp composition OD outside diameter 

conn connector OHB oval head brass 

CRT cathode-ray tube OHS oval head steel 

csk countersunk PHB pan head brass 

DE double end PHS pan head steel 

dia diameter plste plastic 

div division PMC paper, metal cased 

elect. electrolytic poly polystyrene 

EMC electrolytic, metal cased prec precision 

EMT electrolytic, metal tubular PT paper, tubular 

ext external PTM paper or plastic, tubular, molded 

F&I focus and intensity RHB round head brass 

FHB flat head brass RHS round head steel 

FHS flat head steel SE single end 

Fil HB fillister head brass SN or S/N serial number 

Fil HS fillister head steel SW switch 

h height or high TC temperature compensated 

hex, hexagonal THB truss head brass 

HHB hex head brass thk thick 

HHS hex head steel THS truss head steel 

HSB hex socket brass tub. tubular 

HSS hex socket steel var variable 

ID inside diameter Ww wide or width 

ined incandescent WW wire-wound 



PARTS ORDERING INFORMATION 

Replacement parts are available from or through your local Tektronix, Inc. Field 

Office or representative. 

Changes to Tektronix instruments are sometimes made to accommodate improved 
components as they become available, and to give you the benefit of the latest circuit 
improvements develop_d in our engineering department. It is therefore important, when 
ordering parts, to include the following information in your order: Part number, instrument 
type or number, serial or model number, and modification number if applicable. 

If a part you have ordered has been replaced with a new or improved part, your 
local Tektronix, Inc. Field Office or representative will contact you concerning any change 
in part number. 

000 

00x 

*000-0000-00 

Use 000-0000-00 

SPECIAL NOTES AND SYMBOLS 

Part first added at this serial number 

Part removed after this serial number 

Asterisk preceding Tektronix Part Number indicates manufactured by 

or for Tektronix, Inc., or reworked or checked components. 

Part number indicated is direct replacement. 

Screwdriver adjustment. 

a Control, adjustment or connector. 
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SECTION 9 

ELECTRICAL PARTS LIST 
Values are fixed unless marked Variable. 

CHASSIS AND COUNTER BOARD 

Tektronix Serial/Model No. 

Type 230 

Ckt. No. Part No. Eff Disc Description 

Bulbs 

B501 150-0043-00 Incandescent, Assembly 
B502 150-0043-00 Incandescent, Assembly 

B510 150-0066-00 Incandescent, Red Lens 

B511 150-0065-00 Incandescent, Green Lens 

B512 150-0064-00 Incandescent, Amber Lens 

B515 150-0050-00 Neon, NE-2H 
B516 150-0050-00 Neon, NE-2H 
B517 150-0050-00 Neon, NE-2H 
B518 150-0050-00 Neon, NE-2H 
B519 150-0050-00 Neon, NE-2H 
B2341 150-0021 -00 Neon, NE-76 

Capacitors 

Tolerance 20% unless otherwise indicated. 

C212A,B 290-0007-00 2x15 pF Elect. 450 V 
C222 290-0322-00 550 pF Elect. 100 V 
C249 290-0273-00 68 uF Elect. 60 V 
C253 290-0320-00 4500 pF Elect. 40V 
C279 290-0296-00 100 uF Elect. 20V 

C283 290-0321 -00 11000 pF Elect. 15V 
C284 290-0321-00 11000 pF Elect. 15V 
C309 290-0138-00 330 pF Elect. 6V 
C329 290-0138-00 330 pF Elect. 6V 
C349 290-0138-00 330 pF Elect. 6V 

C389 290-0273-00 68 pF Elect. 60V 
C452 290-0322-00 550 pF Elect. 100 V 
C2320 290-0263-00 2.7 pF Elect. 15V 
C2501 283-0065-00 0.001 pF Cer 100 V 
C2505 283-0010-00 BO10100 B179999 0.05 pF Cer 50 V 
C2505 283-0167-00 B180000 0.1 pF Cer 100 V 

C2541 290-0136-00 2.2 pF Elect. 20 V 
C2542 290-0136-00 2.2 uF Elect. 20 V 
C2543 290-0136-00 2.2 pF Elect. 20V 

+75%—10% 
10% 

+100%—10% 

+100%—-10% 
+100%—10% 

10% 
+75%—10% 

5% 

10% 
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CHASSIS AND COUNTER BOARD (cont) 

Diodes 

Tektronix Serial/Model No. 
Ckt. No Part No. Eff Disc Description 

D212 *152-0107-00 Silicon Replaceable by 1N647 
D222 152-0199-00 Rectifier Bridge MDA 962-3 (Motorola) 
D252 152-0198-00 Silicon MR1032A (Motorola) 

D253 152-0198-00 Silicon MR1032A (Motorola) 
D282 152-0198-00 Silicon MR1032A (Motorola) 

D283 152-0198-00 Silicon MR1032A (Motorola) 
D284 152-0198-00 Silicon MR1032A (Motorola) 
D285 152-0198-00 Silicon MR1032A (Motorola) 
D328 152-0066-00 Silicon 1N3194 
D452 152-0199-00 Rectifier Bridge MDA 962-3 (Motorola) 

D521 *152-0185-00 Silicon Replaceable by 1N4152 
D522 *152-0185-00 Silicon Replaceable by 1N4152 
D524 *152-0185-00 Silicon Replaceable by 1N4152 
D525 *152-0185-00 Silicon Replaceable by 1N4152 
D531 *152-0185-00 Silicon Replaceable by 1N4152 

D532 *152-0185-00 Silicon Replaceable by 1N4152 
D533 *152-0185-00 Silicon Replaceable by 1N4152 
D534 *152-0185-00 Silicon Replaceable by 1N4152 
D536 *152-0185-00 Silicon Replaceable by 1N4152 
D537 *1 52-0185-00 Silicon Replaceable by 1N4152 

D538 *152-0185-00 Silicon Replaceable by 1N4152 
D539 *152-0185-00 Silicon Replaceable by 1N4152 
D541 *152-0185-00 Silicon Replaceable by 1N4152 
D542 *152-0185-00 Silicon Replaceable by 1N4152 
D543 *152-0185-00 Silicon Replaceable by 1N4152 

D544 *152-0185-00 Silicon Replaceable by 1N4152 
D546 *152-0185-00 Silicon Replaceable by 1N4152 
D547 *152-0185-00 Silicon Replaceable by 1N4152 
D543 *152-0185-00 Silicon Replaceable by 1N4152 
D551 *152-0185-00 Silicon Replaceable by 1N4152 

D552 *152-0185-00 Silicon Replaceable by 1N4152 
D553 *152-0185-00 Silicon Replaceable by 1N4152 
D554 *152-0185-00 Silicon Replaceable by 1N4152 
D556 *1 52-0185-00 Silicon Replaceable by 1N4152 
D557 *1 52-0185-00 Silicon Replaceable by 1N4152 
D558 *]52-0185-00 Silicon Replaceable by 1N4152 

D559 *152-0185-00 Silicon Replaceable by 1N4152 
D561 *1 52-0185-00 Silicon Replaceable by 1N4152 
D562 *152-0185-00 Silicon Replaceable by 1N4152 
D563 *152-0185-00 Silicon Replaceable by 1N4152 
D564 *152-0185-00 Silicon Replaceable by 1N4152 
D566 *152-0185-00 Silicon Replaceable by 1N4152 

D567 *152-0185-00 Silicon Replaceable by 1N4152 
D568 *152-0185-00 Silicon Replaceable by 1N4152 
D2312 *] 52-0185-00 Silicon Replaceable by 1N4152 
D2316 *152-0185-00 BO010100 B169999 Silicon Replaceable by 1N4152 
D2316 *152-0322-00 B170000 Silicon Tek Spec 
D2342 *152-0107-00 Silicon Replaceable by 1N647 

9-2 



Electrical Parts 

CHASSIS AND COUNTER BOARD (cont) 

Diodes (cont) 

Tektronix Serial/Model No. 

List—Type 230 

Ckt. No. Part No. Eff Disc Description 

D2432 *152-0107-00 Silicon Replaceable by 1N647 
D2434 *152-0107-00 Silicon Replaceable by 1N647 
D2435 *]52-0107-00 Silicon Replaceable by 1N647 
D2436 *152-0107-00 Silicon Replaceable by 1N647 
D2437 *152-0107-00 Silicon Replaceable by 1N647 

D2438 *152-0107-00 Silicon Replaceable by 1N647 
D244] *]52-0185-00 Silicon Replaceable by 1N4152 
D2442 *]52-0185-00 Silicon Replaceable by 1N4152 
D2444 *152-0185-00 Silicon Replaceable by 1N4152 
D2447 *152-0185-00 Silicon Replaceable by 1N4152 

D2455 *152-0107-00 Silicon Replaceable by 1N647 
D2456 *152-0107-00 Silicon Replaceable by 1N647 
D2457 *152-0107-00 Silicon Replaceable by 1N647 
D2458 *152-0107-00 Silicon Replaceable by 1N647 
D2459 *152-0185-00 Silicon Replaceable by 1N4152 

D2464 *152-0185-00 Silicon Replaceable by 1N4152 
D2480 *152-0185-00 Silicon Replaceable by 1N4152 
D2482 *152-0107-00 Silicon Replaceable by 1N647 
D2484 *152-0107-00 Silicon Replaceable by 1N647 
D2486 *152-0107-00 Silicon Replaceable by 1N647 
D2488 *152-0107-00 Silicon Replaceable by 1N647 

Fuses 

F201 159-0034-00 1.6 A 3AG Slo-Blo 
F202 159-0018-00 0.8 A 3AG Slo-Blo 

Connectors 

ma 131-0292-01 56 pin contact 
J2 131-0292-01 56 pin contact 
3B 131-0292-01 56 pin contact 
J4 131-0292-01 56 pin contact 
J5 131-0292-01 56 pin contact 

46 131-0292-01 56 pin contact 
J7 131-0292-01 56 pin contact 
J8 131-0292-01 56 pin contact 
I9 131-0292-01 56 pin contact 
J10 131-0292-01 56 pin contact 
Ju 131-0292-01 56 pin contact 

J101 131-0294-00 BO10100 B129999 36 pin contact 
J101 131-0294-01 B130000 36 pin contact 
J201 131-0294-00 BO10100 B129999 36 pin contact 
J201 131-0294-06 B130000 36 pin contact 
J202 131-0294-00 BO10100 B129999 36 pin contact 
J202 131-0294-06 B130000 36 pin contact 

J203 131-0294-00 B010100 B129999 36 pin contact 
J203 131-0294-06 B130000 36 pin contact 
J204 131-0294-00 BO10100 B129999 36 pin contact 
5204 131-0294-05 B130000 36 pin contact 
4301 131-0294-00 BO10100 B129999 36 pin contact 
J301 131-0294-06 B130000 36 pin contact 



Electrical Parts List-—-Type 230 

Ckt. No. 

Tektronix 

Part No. 

Serial/Model No. 

CHASSIS AND COUNTER BOARD (cont) 

Integrated Circuits 

Description 

M2310 
M2320 

M2322 

M2324 

M2326 

M2328 

M2330 
M2332 
M2334 
M2336 
M2338 

M2348 
M2350 
M2352 
M2354 
M2356 

M2358 

M2370 
M2372 
M2374 

M2376 
M2378 
M2380 

M2384 

156-0010-00 
156-0002-00 

156-0002-00 

156-0002-00 

156-0002-00 

156-0010-00 

156-0012-00 
156-0012-00 
156-0012-00 
156-001 2-00 
156-0001 -00 

156-0010-00 
156-001 2-00 
156-0012-00 
156-0012-00 
156-0012-00 

156-001 1-00 

156-001 2-00 
156-0012-00 
156-0012-00 

156-001 2-00 
156-0001 -00 
156-0012-00 
156-0012-00 
156-0012-00 

156-0012-00 
156-001 1-00 

156-001 2-00 
156-001 2-00 
156-001 2-00 

156-0012-00 
156-0001 -00 
156-001 2-00 
156-0010-00 
156-0012-00 
156-001 2-00 

156-001 2-00 
156-0012-00 
156-0012-00 
156-0012-00 
156-0012-00 
156-0012-00 

Buffer-Inverter 
J-K Flipflop 

J-K Flipflop 

J-K Flipflop 

J-K Flipflop 

Buffer-Inverter 

Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 

Replaceable by 
Replaceable by 
MC358AG 

Replaceable by 
MC358AG 

Replaceable by 
MC358AG 

Replaceable by 
MC358AG 

Replaceable by 

Replaceable by 
Replaceable by 
Replaceable by 
Replaceable by 

Decimal Decoder-Driver Replaceable by 

Buffer-Inverter 
Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 

Dual 2-Input NAND/ 
NOR Gate 

Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 

Clocked J-K Flipflop 

Replaceable by 
Replaceable. by 
Replaceable by 
Replaceable by 
Replaceable by 

Replaceable by 

Replaceable by 
Replaceable by 
Replaceable by 

Replaceable by 
Decimal Decoder-Driver Replaceable by 
Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 

Clocked J-K Flipflop 
Dual 2-Input NAND/ 
NOR Gate 

Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 

Clocked J-K Flipflop 

Replaceable by 
Replaceable by 
Replaceable by 

Replaceable by 
Replaceable by 

Replaceable by 
Replaceable by 
Replaceable by 

Replaceable by 
Decimal Decoder-Driver Replaceable by 
Clocked J-K Flipflop 
Buffer-Inverter 
Clocked J-K Flipflop 
Clocked J-K Flipflop 

Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 
Clocked J-K Flipflop 

Replaceable by 
Replaceable by 
Replaceable by 
Replaceable by 

Replaceable by 
Replaceable by 
Replaceable by 
Replaceable by 
Replaceable by 
Replaceable by 

Fairchild L900 
Motorola 

Motorola 

Motorola 

Motorola 

Fairchild «L900 

Fairchild L923 
Fairchild L923 
Fairchild L923 
Fairchild pL923 
Fairchild CyL960 

Fairchild »L900 
Fairchild pL923 
Fairchild »L923 
Fairchild L923 
Fairchild »L923 

Fairchild pL914 

Fairchild L923 
Fairchild pL923 
Fairchild L923 

Fairchild L923 
Fairchild Cul960 
Fairchild L923 
Fairchild L923 
Fairchild L923 

Fairchild L923 
Fairchild L914 

Fairchild L923 
Fairchild L923 
Fairchild L923 

Fairchild pL923 
Fairchild CulL960 
Fairchild L923 
Fairchild »L900 
Fairchild pL923 
Fairchild L923 

Fairchild »L923 
Fairchild pL923 
Fairchild L923 
Fairchild L923 
Fairchild L923 
Fairchild L923 
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CHASSIS AND COUNTER BOARD (cont) 

integrated Circuits (cont) 

Electrical Parts List—-Type 230 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

M2450 156-0001 -00 Decimal Decoder-Driver Replaceable by Fairchild Cul960 
M2460 156-001 2-00 Clocked J-K Flipflop Replaceable by Fairchild L923 
M2464 156-001 2-00 Clocked J-K Flipflop Replaceable by Fairchild L923 
M2468 156-001 2-00 Clocked J-K Flipflop Replaceable by Fairchild »L923 
M2470 156-001 2-00 Clocked J-K Flipflop Replaceable by Fairchild »L923 

M2474 156-0012-00 Clocked J-K Flipflop Replaceable by Fairchild pL923 
M2502 156-0011 -00 Dual 2-Input NAND/ Replaceable by Fairchild »L914 

NOR Gate 
M2512 156-0012-00 Clocked J-K Flipflop Replaceable by Fairchild »1923 
M2522 156-0012-00 Clocked J-K Flipflop Replaceable by Fairchild pL923 
M2532 156-001 1-00 Dual 2-Input NAND/ Replaceable by Fairchild 1914 

NOR Gate 

Transistors 

Q247 *151-0140-00 Silicon Selected from 2N3055 
Q277 *15]-0140-00 Silicon Selected from 2N3055 
Q307 *151-0140-00 Silicon Selected from 2N3055 
Q327 *151-0140-00 Silicon Selected from 2N3055 
Q347 *151-0140-00 Silicon Selected from 2N3055 

Q487 *151-0140-00 Silicon Selected from 2N3055 
Q2315 151-0190-00 B010100 B119999 Silicon 2N3904 
Q2315 *151-0190-01 B120000 Silicon Tek Spec 
Q2331 151-0190-00 B010100 B119999 Silicon 2N3904 
Q2331 *7151-0190-01 B120000 Silicon Tek Spec 

Q2333 151-0190-00 BO10100 B119999 Silicon 2N3904 
Q2333 *751-0190-01 B120000 Silicon Tek Spec 
Q2335 151-0190-00 BO10100 B119999 Silicon 2N3904 
Q2335 *1 51-0190-01 B120000 Silicon Tek Spec 
Q2337 151-0190-00 BO10100 B119999 Silicon 2N3904 

Q2337 *151-0190-01 B120000 Silicon Tek Spec 
Q2343 151-0150-00 Silicon 2N3440 
Q2371 151-0790-00 BO10100 B119999 Silicon 2N3904 
Q2371 *7151-0190-01 B120000 Silicon Tek Spec 
Q2373 151-0190-00 B010100 B119999 Silicon 2N3904 

Q2373 *7151-0190-01 B120000 Silicon Tek Spec 
Q2375 151-0190-00 BO10100 B119999 Silicon 2N3904 
Q2375 *151-0190-01 B120000 Silicon Tek Spec 
Q2377 151-0190-00 BO10100 B119999 Silicon 2N3904 
Q2377 *151-0190-01 B120000 Silicon Tek Spec 
Q2391 151-0190-00 B010100 B119999 Silicon 2N3904 

Q2391 *151-0190-01 B120000 Silicon Tek Spec 
Q2393 151-0190-00 BO10100 B119999 Silicon 2N3904 
Q2393 *151-0190-01 Bi 20000 Silicon Tek Spec 
Q2395 151-0190-00 B010100 B119999 Silicon 2N3904 
Q2395 *151-0190-01 B120000 Silicon Tek Spec 
Q2397 151-0190-00 BO10100 B119999 Silicon 2N3904 
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Electrical Ports List—Type 230 

CHASSIS AND COUNTER BOARD (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

Q2397 *151-0190-01 B120000 Silicon Tek Spec 
Q2407 151-0190-00 B010100 B119999 Silicon 2N3904 
Q2407 *151-0190-01 B120000 Silicon Tek Spec 
Q2409 151-0190-00 B010100 B119999 Silicon 2N3904 
Q2409 *151-0190-01 B120000 Silicon Tek Spec 

Q242] 151-0179-00 BO10100 B189999 Silicon 2N3877A 
Q242] 151-0272-00 B190000 Silicon Dual 
Q2423 151-0179-00 B010100 B189999 Silicon 2N3877A 
Q2423 151-0272-00 B190000 Silicon Dual 
Q2425 151-0179-00 BO10100 B189999 Silicon 2N3877A 

Q2425 151-0272-00 B190000 Silicon Dual 
Q2427 151-0179-00 BO10100 B189999 Silicon 2N3877A 
Q2427 151-0272-00 B190000 Silicon Dual 
Q2431 151-0179-00 BO10100 B189999 Silicon 2N3877A 
Q2431 151-0272-00 B190000 Silicon Dual 

Q2433 151-0179-00 BO10100 B189999 Silicon 2N3877A 
Q2433 151-0272-00 B190000 Silicon Dual 
Q2481 151-0179-00 B010100 B189999 Silicon 2N3877A 
Q248] 151-0272-00 B190000 Silicon Dual 
Q2483 151-0179-00 BO10100 B189999 Silicon 2N3877A 
Q2483 151-0272-00 B190000 Silicon Dual 

Q2485 151-0179-00 BO10100 B189999 Silicon 2N3877A 
Q2485 151-0272-00 B190000 Silicon Dual 
Q2487 151-0179-00 BO10100 B189999 Silicon 2N3877A 
Q2487 151-0272-00 B190000 Silicon Dual 
Q2489 151-0179-00 BO10100 B189999 Silicon 2N3877A 
Q2489 151-0272-00 B190000 Silicon Dual 

Q2513 151-0190-00 BO10100 B119999 Silicon 2N3904 
Q2513 151-0207-00 B120000 Silicon 2N3415 
Q2523 151-0190-00 BO10100 B119999 Silicon 2N3904 
Q2523 151-0207-00 B120000 Silicon 2N3415 
Q2533 151-0190-00 BO10100 B119999 Silicon 2N3904 
Q2533 151-0207-00 B120000 Silicon 2N3415 

Resistors 

Resistors are fixed, composition, --10% unless otherwise indicated. 

R211 316-0100-00 102 uv, W 
R212 315-0271-00 2702 ww 5% 
R213 317-0201-00 BO10100 B149999X 2002 vy, W 5% 
R215 302-0184-00 180 ka Vo W 
R22] 307-0093-00 1.29 Vy W 5% 

R222 301-0273-00 27 kQ Vy W 5% 
R246 302-0181-00 1809 YW 
R247 *308-0141-00 102 YW WW 5% 
R251 *308-0090-00 ; 0.250 1W WW 
R252 *308-0090-00 0.250 1W WW 
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Electrical Parts List—Type 230 

CHASSIS AND COUNTER BOARD (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

R253 302-0562-00 5.6 kQ VY. W 
R274 302-0181-00 180 © VY, W 
R276 308-0245-00 0.6.9 2W Www 5% 
R277 308-0244-00 0.30 0.2 W Www 
R281 *308-0090-00 0.2502 1W WW 

R282 *308-0090-00 0.25.2 1W Www 
R283 301-0202-00 2kQ VY, W 5% 
R284 301 -0202-00 2kaQ Vy, W 5% 
R304 302-0181-00 180 Q vy, W 
R307 *308-0090-00 BO10100 B189999 0.25 0 1W WW 

R307 308-0590-00 B190000 0.25 0 3W WW 5% 
R326 308-0441-00 32 3W Ww 5% 
R327 308-0245-00 0.60 2W Ww 5% 
R346 302-0181-00 180 0 y, W 
R347 *308-0087-00 0.52 1W WW 1% 

R451 307-0093-00 1.29 Vv, W 5% 
R452 301 -0273-00 27 kQ Y, W 5% 
R486 302-0181-00 180 2 Y, W 
R487 *308-0141-00 19 VY, W ww 2% 
R505 311-0673-00 5 MQ, Var 

R510 301 -0390-00 39.0 VY. W 5% 
R512 301-0390-00 39:0 VY, W 5% 
R515 315-0471 -00 4702 YW 5% 
R516 315-0471 -00 4702 yw 5% 
R518 315-0471-00 4702 YW 5% 

R519 315-0471-00 4702 Vy, W 5% 
R2312 315-0333-00 33 ka YW 5% 
R2313 315-0243-00 24 ka Vy, W 5% 
R2314 315-0473-00 47 kQ YW 5% 
R2316 315-0472-00 47 kQ YW 5% 
R2318 315-0472-00 47 ka YW 5% 

R2326 315-0332-00 BO10100 B059999 3.3 kQ YW 5% 
R2326 315-0102-00 B060000 1kQ Vy, W 5% 
R2328 315-0202-00 B010100 B059999 2koQ uy, WwW 5% 
R2328 315-0332-00 B060000 3.3 kQ VW 5% 
R2331 315-0272-00 2.7 kQ YW 5% 
R2333 315-0272-00 2.7 ka YW 5% 

R2335 315-0272-00 2.7 kQ YW 5% 
R2337 315-0272-00 2.7 ka YW 5% 
R2339 301-0363-00 36 ka VY, W 5% 
R2341 315-0104-00 BO10100 B149999 100 ka YW 5% 
R234] 315-0393-00 B150000 39 kQ Vv, W 5% 
R2342 315-0106-00 10 MQ YW 5% 

R2343 305-0242-00 B010100 B149999 2.4 ka 2W 5% 
R2343 301-0101-00 B150000 100 0 Vy, W 5% 
R2371 315-0272-00 2.7 kQ YW 5% 
R2373 315-0272-00 2.7 ka YW 5% 
R2375 315-0272-00 2.7 kQ Vy, W 5% 
R2377 315-0272-00 2.7 kQ YW 5% 
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Electrical Parts List-Type 230 

CHASSIS AND COUNTER BOARD (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

R2379 301-0303-00 30 ka Y, W 5% 
R2391 315-0272-00 2.7 ka yw 5% 
R2393 315-0272-00 2.7 ka YW 5%, 
R2395 315-0272-00 2.7 ko VY, W 5% 
R2397 315-0272-00 2.7 kQ vu, W 5% 

R2399 301-0303-00 30 ka Va W 5% 
R2407 315-0272-00 2.7 kQ Vy, W 5% 
R2409 315-0272-00 2.7 kQ Y, W 5% 
R242] 315-0272-00 2.7 ka Wy, W 5%, 
R2423 315-0272-00 2.7 ka YW 5% 

R2429 301-0303-00 30 ka VY, W 5% 
R2431 315-0272-00 2.7 ka Vy, W 5% 
R2433 315-0272-00 2.7 ka Vy, W 5% 
R2434 315-0242-00 2.4kO yy, W 5%, 
R2435 315-0154-00 BO10100 B149999 150 ka yy, W 5% 

R2435 315-0753-00 B150000 75k YW 5% 
R2436 315-0154-00 BO10100 B149999 150 ka Vv, W 5% 
R2436 315-0753-00 B150000 75 ka Vi, W 5% 
R2437 315-0513-00 BO10100 B149999 51 ka yw 5% 
R2437 315-0273-00 B150000 27 kQ, Vy, W 5% 

R2438 315-0623-00 BO10100 B149999 62 ka VY, W 5% 
R2438 315-0393-00 B150000 39 ka VY, W 5% 
R244] 315-0113-00 11 ka YW 5% 
R2442 315-0912-00 9.1 kO Vv, W 5% 
R2443 315-0133-00 13 ka Vv, W 5% 

R2444 315-0113-00 11 ka YW 5% 
R2445 315-0912-00 9.1 kO Y, W 5% 
R2446 315-0133-00 13 ka yy, W 5% 
R2447 315-0113-00 11 ka yy, W 5% 
R2448 315-0912-00 9.1ko YW 5% 

R2449 315-0133-00 13 ka Vy, W 5% 
R2450 315-0753-00 75kaQ YW 5% 
R2451 315-0622-00 6.2 ka uw 5% 
R2452 315-0472-00 4.7 ka ww 5% 
R2456 315-01 24-00 120 ka Y, W 5% 
R2457 315-0124-00 120 ka Vv, W 5% 

R2459 315-0124-00 120 ka yy, W 5% 
R2461 315-0113-00 11 kQ Y, W 5% 
R2462 315-0912-00 9.1kaQ YW 5% 
R2463 315-0133-00 13 ka y, W 5% 
R2464 315-0113-00 11 ka YW 5% 
R2465 315-0912-00 9.1k2 yw 5% 

R2466 315-0133-00 13 ka Vy, W 5% 
R2467 315-0113-00 11 ka Vy, W 5% 
R2468 315-0912-00 9.1 ka Y, W 5% 
R2469 315-0133-00 13 ka yw 5% 
R247] 315-0113-00 11 ka YW 5% 
R2472 315-0912-00 9.1 ka uw 5% 
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CHASSIS AND COUNTER BOARD (cont) 

Capacitors (cont) 

Electrical Parts List—Type 230 

Tektronix Serial/Model No. _ Description 
Ckt. No. Part No. Eff Disc 

R2473 315-0133-00 13 ka WwW 5% 
R2474 315-0113-00 11 ka yw 5% 
R2475 315-0912-00 9.1kO VY, W 5% 
R2476 315-0133-00 13 kQ uy WwW 5% 
R2480 315-0242-00 2.4k2 Vy, W 5% 

R2481 315-0272-00 2.7 kQ WwW 5% 
R2482 315-0242-00 2.4kQ Vy, W 5% 
R2483 315-0272-00 2.7 kQ uw 5% 
R2484 315-0242-00 2.4kQ vw 5% 
R2485 315-0272-00 2.7 ka Vy, W 5% 

R2486 315-0242-00 2.4kQ WwW 5% 
R2487 315-0272-00 2.7 kQ YW 5% 
R2488 315-0242-00 2.4 ko VY, W 5% 
R2489 315-0272-00 2.7 kQ yw 5% 
R249] 315-0623-00 BO10100 B149999 62 ka VY, W 5% 

R2491 315-0393-00 B150000 39 kQ WwW 5% 
R2493 315-0623-00 B010100 B149999 62 kO yw 5% 
R2493 315-0393-00 B150000 39 kQ Vy, W 5% 
R2495 315-0623-00 B010100 B149999 62 kQ Vv, W 5% 
R2495 315-0393-00 B150000 39 kQ Vy, W 5% 

R2497 315-0623-00 BO10100 B149999 62 kQ WwW 5% 
R2497 315-0393-00 B150000 39 kO VY, W 5% 
R2499 315-0623-00 BO10100 B149999 62 kQ yw 5% 
R2499 315-0393-00 B150000 39 kQ 1, W 5% 
R2501 315-0222-00 2.2 kQ Vv, W 5% 

R2505 315-0103-00 10kQ WwW 5% 
R2511 315-0102-00 1kaQ VY, W 5% 
R2513 315-0471-00 BO10100 B119999 4709 Vy, W 5% 
R2513 315-0151-00 B120000 150 0 Vy, W 5% 
R2515 315-0911-00 9100 Vy, W 5% 

R2521 315-0102-00 1kQ WwW 5% 
R2523 315-0471-00 BO10100 B119999 4702 YW 5% 
R2523 315-0151-00 B120000 150.9 uw 5% 
R2527 315-0911-00 9100 Vy, W 5% 
R2533 315-0471 -00 4709 Vv, W 5% 
R2537 315-0911-00 9100 VU, W 5% 

Switches 

Unwired or Wired 

SW201 260-0834-00 BO10100 B139999 Toggle POWER 
sW201 260-0276-00 B140000 Toggle POWER 
SWw500 260-0473-00 Lever MEASUREMENT AVERAGING 
SW502 260-0473-00 Lever TRIGGER. MEASUREMENT 
SW506 260-0849-00 Lever REF ZONES 
SW509 260-0473-00 Lever TIME MEASUREMENT 

SW520 260-0847-00 Lever MEASUREMENT MODE 
SW522 260-0723-00 Slide CAL RUN 
SW530A wired *262-0807-00 Rota LOWER LIMIT (TENS} 
SW530B 260-0844-00 Y LOWER LIMIT (UNITS} 
SW540A wired *262-0808-00 Rota LOWER LIMIT (HUNDREDS) 
SW504B 260-0845-00 Y LOWER LIMIT (THOUSANDS} 
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Electrical Parts List—Type 230 

Switches (cont} 

CHASSIS AND COUNTER BOARD (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Disc Description 

SWS550A ) wired *262-0807-00 Rotor UPPER LIMIT (TENS) 
SW550B 260-0844-00 y UPPER LIMIT (UNITS) 
SW560A ) wired *262-0808-00 Rotar UPPER LIMIT (HUNDREDS) 
$W560B 260-0845-00 y UPPER LIMIT (THOUSANDS) 
SW570A CH A 0% POSITION 
SW570B 260-0846-00 Rotary CH A 100% POSITION 

SW571 260-0849-00 Lever CH A 0% LEVEL 
SW572 260-0849-00 Lever CH A 100% LEVEL 
SW575 260-0848-00 Lever LEVEL START 
SW576 260-0473-00 Lever SLOPE START 
SW577 260-0473-00 Lever SLOPE START 

SW579A 4 START LEVEL (UNITS) 
SW579B 260-0844-00 Rotary START LEVEL (TENS) 
SW580A CH B 0% POSITION 
SW580B 260-0846-00 Rotary CH B 100% POSITION 
SW581 260-0849-00 Lever CH B 0% LEVEL 
SW582 260-0849-00 Lever CH B 100% LEVEL 

SW585 260-0848-00 Lever LEVEL STOP 
SW586 260-0473-00 Lever SLOPE STOP 
SW587 260-0473-00 Lever SLOPE STOP 
SW589A STOP LEVEL (UNITS! 
5W589B 260-0844-00 Rotary STOP LEVEL (TENS) 
SW590 260-0473-00 Lever CHANNEL START 
SW591 260-0473-00 Lever CHANNEL STOP 

Thermal Cutout 

TK201 260-0413-00 175°F -5°F 

Test Point 

TP2502 #21 4.0579-00 Pin, Test Point 

Transformer 

7201 *120-0480-00 Power 

Electron Tubes 

V2339 154-0327-00 B5092 (Numbers) 
2379 154-0327-00 B5092 (Numbers) 
2399 154-0327-00 B5092 (Numbers) 
v2429 154-0327-00 B5092 (Numbers) 
2439 154-0509-00 B5971 (Alpha Numeric} 
2499 154-0326-00 B5094 (Units) 

ZONE GENERATOR CARDS (2) Series A 

*670-0231-00 Complete Card 

Tolerance +20% unless otherwise indicated. 

C807 
C809 
C819 
C823 

an 
Gan 

9-10 

281-0651 -00 
281-0509-00 
290-0136-00 
281-0651 -00 
281 -0523-00 

Capacitors 

47 pF Cer 
15 pF Cer 500 V 
2.2 pF Elect. 20V 
47 pF Cer 
100 pF Cer 350 V 

5% 
10% 

5% 
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Electrical Parts List—Type 230 

ZONE GENERATOR CARDS (2) Series A (coni) 

Capacitors (Cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

C907 281 -0651-00 47 pF Cer 5% 
C909 281-0509-00 15 pF Cer 500 V 10% 
C919 290-0136-00 2.2 pF Elect. 20V 
C923 281-0651 -00 47 pF Cer : 5% 
C925 281-0523-00 100 pF Cer 350 V 

Diodes 

D811 *1 52-01 85-00 Silicon Replaceable by 1N4152 
D817 *152-0185-00 Silicon Replaceable by 1N4152 
D831 *152-0185-00 Silicon Replaceable by 1N4152 
D832 *152-0185-00 Silicon Replaceable by 1N4152 
D841 *152-0185-00 Silicon Replaceable by 1N4152 

D851 *152-0185-00 Silicon Replaceable by 1N4152 
D855 *152-0185-00 Silicon Replaceable by 1N4152 
D861 *152-0185-00 Silicon Replaceable by 1N4152 
D871 *152-0185-00 Silicon Replaceable by 1N4152 
D875 *]52-0185-00 Silicon Replaceable by 1N4152 

D881 *152-0185-00 Silicon Replaceable by 1N4152 
D884 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D891 *152-0185-00 Silicon Replaceable by 1N4152 
R894 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D911 *]152-0185-00 Silicon Replaceable by 1N4152 
D917 *152-0185-00 Silicon Replaceable by 1N4152 

D931 *]52-0185-00 Silicon Replaceable by 1N4152 
D932 *152-0185-00 Silicon Replaceable by 1N4152 
D941 *152-0185-00 Silicon Replaceable by 1N4152 
D951 *152-0185-00 Silicon Replaceable by 1N4152 
D955 *152-0185-00 Silicon Replaceable by 1N4152 
D961 *152-0185-00 Silicon Replaceable by 1N4152 

D971 *152-0185-00 Silicon Replaceable by 1N4152 
D975 *152-0185-00 Silicon Replaceable by 1N4152 
D981 *152-0185-00 Silicon Replaceable by 1N4152 
D984 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D991 *152-0185-00 Silicon Replaceable by 1N4152 
D994 *152-0185-00 X3 Silicon Replaceable by 1N4152 

Integrated Circuits 

M838 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

M938 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

Transistors 

Q807 151-07°0-00 1 Silicon 2N3904 
Q807 *151-0190-01 2 Silicon Tek Spec 
Q814 151-0188-00 1 Silicon 2N3906 
Q814 151-0220-00 2 Silicon 2N4122 
Q817 151-0190-00 1 Silicon 2N3904 
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Electrical Parts List——-Type 230 

ZONE GENERATOR CARDS (2) Series A (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

Q817 *151-0190-01 2 Silicon Tek Spec 
Q819 151-0190-00 1 Silicon 2N3904 
Q819 *151-0190-01 2 Silicon Tek Spec 
Q823 151-0190-00 1 Silicon 2N3904 
Q823 *151-0190-01 2 Silicon Tek Spec 

Q827 151-0190-00 1 Silicon 2N3904 
Q827 *151-0190-01 2 Silicon Tek Spec 
Q829 151-0190-00 1 Silicon 2N3904 
Q829 *151-0190-01 2 Silicon Tek Spec 
Q833 * 151-0190-00 1 Silicon 2N3904 

Q833 *151-0190-01 2 Silicon Tek Spec 
Q844 151-0188-00 1 Silicon 2N3906 
Q844 151-0220-00 2 Silicon 2N4122 
Q854 151-0188-00 1 Silicon 2N3906 
Q854 151-0220-00 2 Silicon 2N4122 

Q856 151-0188-00 1 Silicon 2N3906 
Q856 151-0220-00 2 Silicon 2N4122 
Q864 151-0188-00 1 Silicon 2N3906 
Q864 151-0220-00 2 Silicon 2N4122 
Q874 151-0188-00 1 Silicon 2N3906 

Q874 151-0220-00 2 Silicon 2N4122 
Q876 151-0188-00 1 Silicon 2N3906 
Q876 151-0220-00 2 Silicon 2N4122 
@884 151-0788-00 1 Silicon 2N3906 
Q884 151-0220-00 2 Silicon 2N4122 

Q894 151-0188-00 1 Silicon 2N3906 
Q894 151-0220-00 2 Silicon 2N4122 
Q899 151-0190-00 1 Silicon 2N3904 
Q899 *151-0190-01 2 Silicon Tek Spec 
Q907 151-0190-00 1 Silicon 2N3904 
Q907 *151-0190-01 2 Silicon Tek Spec 

Q914 151-0188-00 1 Silicon 2N3906 
Q914 151-0220-00 2 Silicon 2N4122 
Q917 151-0190-00 1 Silicon 2N3904 
Q917 *151-0190-01 2 Silicon Tek Spec 
Q919 151-0190-00 1 Silicon 2N3904 
Q919 *151-0190-01 2 Silicon Tek Spec 

Q923 151-0190-00 1 Silicon 2N3904 
Q923 *151-0190-01 2 Silicon Tek Spec 
Q927 151-0190-00 1 Silicon 2N3904 
Q927 *151-0190-01 2 Silicon Tek Spec 
Q929 151-0190-00 1 Silicon 2N3904 
Q929 *151-0190-01 2 Silicon Tek Spec 

Q933 151-0190-00 1 Silicon 2N3904 
Q933 *151-0190-01 2 Silicon Tek Spec 
Q944 151-0188-00 1 Silicon 2N3906 
Q944 151-0220-00 2 Silicon 2N4122 
Q954 151-0188-00 1 Silicon 2N3906 
Q954 151-0220-00 2 Silicon 2N4122 
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Electrical Parts List—Type 230 

ZONE GENERATOR CARDS (2) Series A (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

Q956 151-0188-00 1 Silicon 2N3906 
Q956 151-0220-00 2 Silicon 2N4122 
Q964 151-0188-00 1 Silicon 2N3906 
Q964 151-0220-00 2 Silicon 2N4122 
Q974 151-0188-00 1 Silicon 2N3906 
Q974 151-0220-00 2 Silicon 2N4122 

Q976 151-0188-00 1 Silicon 2N3906 
Q976 151-0220-00 2 Silicon 2N4122 
Q984 151-0188-00 1 Silicon 2N3906 
Q984 151-0220-00 2 Silicon 2N4122 
G994 151-0188-00 1 Silicon 2N3906 

Q994 151-0220-00 2 Silicon 2N4122 
Q999 151-0190-00 1 Silicon 2N3904 
Q999 *151-0190-01 2 Silicon Tek Spec 

Resistors 

Resistors are fixed, composition, 10% unless otherwise indicated. 

R803 321-0287-00 9.53 kO vy, W Prec 1% 
R805 311-0510-00 10 kQ, Var 
R806 321-0320-00 21 ka Ve W Prec 1% 
R807 315-0473-00 47 ko Vy, W 5% 
R809 321-0259-00 4.87 ka VY, W Prec 1% 

R811 315-0472-00 1 2 47kQ uw 5% 
R811 315-01 53-00 3 15 ka uw 5% 
R812 315-0682-00 1 2 6.8 ka VY, W 5% 
R812 315-0273-00 3 27 kQ VW 5% 
R813 315-9363-00 1 2 36 ko Vv, W 5%, 

R813 315-0154-00 3 150 ka Vv, W 5% 
R815 321-0385-00 100 ka Ya W Prec 1% 
R817 321-0376-00 80.6 ka yuw Prec 1% 
R819 315-0153-00 15ka Vy, W ; 5% 
R821 321-0260-00 4.99 kO Ye W Prec 1% 
R823 315-0473-00 47 ka Vv, W 5% 

R825 321-0260-00 4.99 kO Ve W Prec 1% 
R827 315-0153-00 15 ka uw 5% 
R831 315-0433-00 43 ka VW 5% 
R832 315-0202-00 2kQ VW 5% 
R833 315-0433-00 43 ka VW 5% 
R835 315-0202-00 2ka uy, WwW 5% 

R836 315-0163-00 16 ka VW 5% 
R838 315-0122-00 1.2ka uw 5% 
R839 315-0472-00 47 ka yw 5% 
R841 315-0472-00 1 2 47kQ Vv, W 5% 
R841 315-0752-00 3 75kQ Vy, W 5% 
R842 315-0682-00 1 2 6.8 ka Vy, W 5% 

R842 315-0133-00 3 13 ka uw 5% 
R843 315-0363-00 1 2 36 ka yew 5% 
R843 315-0753-00 3 75 kQ yw 5% 
R845 321-0356-00 49.9 kQ Va W Prec 1% 
R847 321-0347-00 40.2 ka V, W Prec 1% 
R351 315-0133-00 13 ka Vy, W 5% 
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Electrical Parts List—Type 230 

ZONE GENERATOR CARDS (2) Series A (cont) 

Resistors (con?) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

R852 315-0752-00 7.5kQ Vv, W 5% 
R853 315-0153-00 15 ka Vy W 5% 
R855 315-0104-00 100 ka YW 5% 
R856 321-0341-00 34.8 kQ Ye W Prec 1% 
R857 321-0318-00 20 ka Ve W Prec 1% 

R859 315-0433-00 43 ka Vv, W 5% 
R861 315-0472-00 1 2 4.7 kQ Vy, W 5% 
R861 315-0752-00 3 75kQ v4 W 5% 
R862 315-0682-00 7 2 6.8 kO Vv, W 5% 
R862 315-0133-00 3 13 kQ 4, W 5% 

R863 315-0363-00 7 2 36 kO Vv, W 5% 
R863 315-0753-00 3 75kaQ VY, W 5% 
R865 321-0327-00 24.9 kQ VY, W Prec 1% 
R867 321-0318-00 20 ka Ve W Prec 1% 
R871 315-0133-00 13 kQ Vy, W 5% 

R872 315-0752-00 7.5kQ vy W 5% 
R873 315-0153-00 15 ka Vv, W 5% 
R875 315-0104-00 100 ka VW 5% 
R876 321-0306-00 15 ka Ve W Prec 1% 
R877 321 -0289-00 10 ka yew Prec 1% 

R878 321 -0338-00 32.4kO Va W Prec 1% 
R879 311-0541-00 20 kQ, Var 
R881 315-0472-00 7 2 4.7 ka Vi, W 5% 
R881 315-0362-00 3 3.6 kQ Vy, W 5% 
R882 315-0682-00 6.8 ka VW 5% 

R883 315-0363-00 36 kO yw 5% 
R884 315-0243-00 1 2 24 kQ Vv, W 5% 
R884 315-0303-00 3 30 kQ Uw 5% 
R885 323-0298-00 12.4 ka Vy, W Prec 1% 
R887 ~  321-0289-00 10 ka yew Prec 1% 

R891 315-0472-00 7 2 4.7 ka VW 5% 
R891 315-0362-00 3 3.6 kQ Vv, W 5% 
R892 315-0682-00 6.8 kQ Vv, W 5% 
R893 315-0363-00 36 kO VW 5% 
R894 315-0243-00 7 2X 24 ka Vi, W 5% 
R895 323-0269-00 6.19 ka Vy. W Prec 1% 

R897 321-0260-00 4,99 ka Ve W Prec 1% 
R898 315-0393-00 39 ka Vy, W 5% 
R899 315-0152-00 1.5 ka VW 5% 
R908 321-0287-00 9.53 ka Ve, W Prec 1% 
R905 311-0510-00 10 kQ, Var 
R906 321-0320-00 21 ka Vv, W Prec 1% 

R907 315-0473-00 47 ka VY, W 5% 
R909 321-0259-00 4.87 ka ya W Prec 1% 
R911 315-0472-00 1 2 47koQ VW 5% 
R911 315-0153-00 3 15 ka Vv, W 5% 
R912 315-0682-00 7 2 6.8 ko yw 5% 
R912 315-0273-00 3 27 ka uv, W 5% 
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Electrical Parts List—Type 230 

ZONE GENERATOR CARDS (2) Series A (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

R913 315-0363-00 1 2 36 ka Vv, W 5% 
R913 315-0154-00 3 150 ka vw 5% 
R915 321-0385-00 100 ka Ve W Prec 1% 
9917 321 -0376-00 80.6 ka Ve W Prec 1% 
R919 315-0153-00 15 ka VW 5% 

R921 321-0260-00 4,99 kOQ Ve W Prec 1% 
R923 315-0473-00 47 kQ Vv, W 5% 
R925 321-0260-00 4.99 ka Ve W Prec 1% 
R927 315-0153-00 15 ka vw 5% 
R931 315-0433-00 43 ka vw 5% 

R932 315-0202-00 2kQ Vv, W 5% 
R933 315-0433-00 43 kO Vv, W 5% 
R935 315-0202-00 2kO Vv, W 5% 
R936 315-0163-00 16 kQ Wy, W 5% 
R938 315-0122-00 1.2 ka VY, W 5% 

R939 315-0472-00 47 ka WV, W 5% 
R941 315-0472-00 1 2 4.7 kQ VW 5% 
R941 315-0752-00 3 7.5 kO Vy, W 5% 
R942 315-0682-00 1 2 6.8 kD ww 5% 
R942 315-0133-00 3 13 kQ WV, W E% 

R943 315-0363-00 1 2 36 ko uw 5% 
R943 315-0753-00 3 75 kQ VW 5% 
R945 321-0356-00 49.9 kQ Ve W Prec 1% 
R947 321-0347-00 40.2 ka Va W Prec 1% 
R951 315-0133-00 13 kQ WV, W 5% 

R952 315-0752-00 75kO Vy, W 5% 
R953 315-0153-00 15 ka Uw 5% 
R955 315-0104-00 | 100 kQ WV, W 5% 
R956 321-0341 -00 34.8 kO Va W Prec 1% 
R957 321-0318-00 20 ka Va W Prec 1% 
R959 315-0433-00 43 ka VY, W 5% 

R961 315-0472-00 1 2 4.7 kQ YW 5% 
R961 315-0752-00 3 75kQ VY, W 5% 
R962 315-0682-00 1 2 6.8 kD Vy, W 5% 
R962 315-0133-00 3 13 kQ WV, W 5% 
R963 315-0363-00 1 2 36 ka Vi, W 5% 
R963 315-0753-00 3 75 kQ Vv, W 5% 

R965 321-0327-00 24.9 kQ Va W Prec 1% 
R967 321-0318-00 20k Ve W Prec 1% 
R971 315-0133-00 13 ka WV, W 5% 
R972 315-0752-00 75kO Vv, W 5% 
R973 315-01 53-00 15 ka Vv, W 5% 
R975 315-0104-00 100 ka uw 5% 

R976 321-0306-00 15kQ Vg W Prec 1% 
R977 321-0289-00 10 ka Va W Prec 1% 
R978 321-0338-00 32.4kO Va W Prec 1% 
R979 31.1-0541-00 20 ko, Var 
R98] 315-0472-00 1 2 4.7 kQ Vy WwW 5% 
R981 315-0362-00 3 3.6 kQ Vv, W 5% 
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Electrical Parts List—Type 230 

ZONE GENERATOR CARDS (2) Series A (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Dise Description 

R982 315-0682-00 6.8 kQ Vy, W 5% 
R983 315-0363-00 36 kO Vy, W 5% 
R984 315-0243-00 7 2 24 kD YW 5% 
R984 315-0303-00 3 30 kN YU, W 5%, 
R985 323-0298-00 12.4 kQ Yy, W Prec 1% 

R987 321-0289-00 10 kQ VY, W Prec 1% 
R991 315-0472-00 7 2 47 ko Vy, W 5%, 
R991 315-0362-00 3 3.6 kQ uy, W 5%, 
R992 315-0682-00 6.8 kQ Vy, W 5% 
R993 315-0363-00 36 kO Vy, W 5% 

R994 315-0243-00 7 2X 24 kQ Vy, W 5% 
R995 323-0269-00 6.19 k2 y, W Prec 1% 
R997 321-0260-00 4.99 kO Va W Prec 1% 
R998 315-0393-00 39 kQ uy, W 5% 
R999 315-0152-00 1.5kQ VY, W 5% 

MEMORY CARDS (2) Series B 

*670-0232-00 Complete Card 

Capacitors 

Tolerance 20% unless otherwise indicated. 

C1011 283-0001 -00 0.005 pF Cer 500 V 
C1018 281-0549-00 1 5X 68 pF Cer 500 V 10% 
C1026 283-0001 -00 0.005 pF Cer 500 V 
C1037 290-0136-00 2.2 pF Elect. 20V 
C1041 283-0001 -00 0.005 pF Cer 500 V 

C1043 283-0002-00 0.01 uF Cer 500 V 
C1057 290-0136-00 2.2 pF Elect. 20V 
C1063 285-0595-00 0.1 uF PTM 100 V 1% 
C1065 283-0060-00 1 100 pF Cer 200 V 5% 
C1065 283-0599-00 2 98 pF Mica 500 V 5% 
C1112 283-0001 -00 0.005 pF Cer 500 V 

C119 283-0001 -00 0.005 pF Cer 500 V 
C1121 283-0010-00 0.05 pF Cer 50V 
C1153 285-0595-00 0.1 uF PTM 100 V 1% 
C1155 283-0060-00 1 100 pF Cer 200 V 5% 
C1155 283-0599-00 2 98 pF Mica 500 V 5% 

C1171 283-0001 -00 0.005 pF Cer 500 V 
C1179 281 -0633-00 J 5X 910 pF Cer 500 V % 
C1191 290-0167-00 10 pF Elect. 15V 
C1193 290-0183-00 1 pF Elect. 35V 10% 
C1195 290-0183-00 1 pF Elect. 35V 10% 

Diodes 

D1017 *152-0185-00 Silicon Replaceable by 1N4152 
D1018 *152-0185-00 Silicon Replaceable by 1N4152 
D1037 *152-0185-00 Silicon Replaceable by 1N4152 
D1046 *152-0185-00 Silicon Replaceable by 1N4152 
D1047 *152-0185-00 Silicon Replaceable by 1N4152 
D1051 *152-0185-00 Silicon Replaceable by 1N4152 
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Electrical Parts List—Type 230 

MEMORY CARDS (2) Series B (cont) 

Diodes {cont} 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

D1057 *152-0185-00 Silicon Replaceable by 1N4152 
D1061 *152-0185-00 Silicon Replaceable by 1N4152 
D1062 *152-0185-00 Silicon Replaceable by 1N4152 
D1063 *]52-0323-00 1 Silicon Tek Spec 
D1063 *152-0165-00 2 Silicon Selected from 1N3579 
D1063+ *152-0321-00 3 Silicon Dual, Tek Spec 

D1065 *]52-0323-00 1 Silicon Tek Spec 
D1065 *152-0165-00 2 Silicon Selected from 1N3579 
D1065* *152-0321-00 3 Silicon Dual, Tek Spec 
D1066 *152-0185-00 Silicon Replaceable by 1N4152 
D1068 152-0168-00 Zener IN963A 400 mW, 12V, 20% 
D1123 *152-0185-00 Silicon Replaceable by 1N4152 

D1125 *152-0185-00 Silicon Replaceable by 1N4152 
D1126 *152-0185-00 Silicon Replaceable by 1N4152 
D1132 *152-0185-00 Silicon Replaceable by 1N4152 
D1142 *152-0185-00 Silicon Replaceable by 1N4152 
D1151 *152-0185-00 Silicon Replaceable by 1N4152 
D1152 *152-0185-00 Silicon Replaceable by 1N4152 

D1153 *152-0323-00 ] Silicon Tek Spec 
D1153 *152-0165-00 2 Silicon Selected from 1N3579 
D1153? *152-0321-00 3 Silicon Dual, Tek Spec 
D1155 *152-0323-00 1 Silicon Tek Spec 
D1155 *]52-0165-00 2 Silicon Selected from 1N3579 
D1155? 152-0321-00 3 Silicon Dual, Tek Spec 

D1156 *152-0185-00 Silicon Replaceable by 1N4152 
D1165 152-0168-00 Zener IN963A 400 mW, 12V, 20% 
D1176 *152-0185-00 Silicon Replaceable by 1N4152 
D1177 *152-0185-00 Silicon Replaceable by 1N4152 
D1178 *152-0185-00 Silicon Replaceable by 1N4152 
D1179 *]52-0185-00 Silicon Replaceable by 1N4152 

Integrated Circuits 

M1012 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

M1020 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G 

M1022 156-0007-00 R-S Flipflop Replaceable by Motorola 
MC352G 

M1026 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

M1040 156-0006-00 Dua! 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G 

M1042 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G 

M1048 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G 

M1074 156-0013-00 Differential Comparator Replaceable by Fairchild 2A710C 
M1112 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 

NOR Gate MC360G 
M1120 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 

OR/NOR Gate MC357G 

1D1063 and D1065 model 3-up furnished as a pair. 

2D1153 and D1155 model 3-up furnished as a pair. 
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Electrical Parts List—-Type 230 

MEMORY CARDS (2) Series B (cont) 

Integrated Circuit (Cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

M1144 156-0007-00 R-S Flipflop Replaceable by Motorola 
MC352G 

M1150 156-0013-00 Differential Comparator Replaceable by Fairchild »A710C 
M1170 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 

OR/NOR Gate MC357G 
M1190 156-0004-00 Bias Driver Replaceable by Motorola 

MC354G 

Transistors 

Q1015 151-0190-00 1 4 Silicon 2N3904 
Q1015 *151-0190-01 5 Silicon Tek Spec 
Q1018 151-0188-00 1 4 Silicon 2N3906 
Q1018 151-0220-00 5 Silicon 2N4122 
Q1031 151-0190-00 1 4 Silicon 2N3904 

Q1031 *151-0190-01 5 Silicon Tek Spec 
Q1036 151-0188-00 1 4 Silicon 2N3906 
Q1036 151-0220-00 5 Silicon 2N4122 
Q1048 151-0190-00 1 4 Silicon 2N3904 
Q1043 *151-0190-01 5 Silicon Tek Spec 

Q1046 151-0188-00 1 4 Silicon 2N3906 
Q1046 151-0220-00 5 Silicon 2N4122 
Q1051 151-0190-00 1 4 Silicon 2N3904 
Q1051 *151-0190-01 5 Silicon Tek Spec 
Q1053 151-0190-00 7 4 Siticon 2N3904 

Q1053 *151-0190-01 5 Silicon Tek Spec 
Q1057 151-0190-00 1 4 Silicon 2N3904 
Q1057 *151-0190-01 5 Silicon Tek Spec 
Q1065 151-1002-00 Silicon FET 
Q1067 151-0190-00 1 4 Silicon 2N3904 

Q1067 *151-0190-01 5 Silicon Tek Spec 
Q1068 151-0188-00 1 4 Silicon 2N3906 
Q1068 151-0220-00 5 Silicon 2N4122 
Q1071 151-0190-00 7 4 Silicon 2N3904 
Q1071 *151-0190-01 5 Silicon Tek Spec 

Q1i21 151-0190-00 1 4 Silicon 2N3904 
Q1121 *151-0190-01 § Silicon Tek Spec 
Q1125 151-0190-00 1 4 Silicon 2N3904 
Q1125 *151-0190-01 5 Silicon Tek Spec 
Q1128 151-0188-00 7 4 Silicen 2N3906 

Q1128 151-0220-00 5 Silicon 2N4122 
Q1130 151-0188-00 1 4 Silicon 2N3906 
Q1130 151-0220-00 5 Silicon 2N4122 
Q1134 151-0188-00 1 4 Silicon 2N3906 
Q1134 151-0220-00 5 Silicon 2N4122 

Q1142 151-0188-00 1 4 Silicon 2N3906 
Q1142 151-0220-00 5 Silicon 2N4122 
Q1155 151-1002-00 Silicon FET 
Q1157 151-0190-00 1 4 Silicon 2N3904 
Q1157 *151-0190-01 § Silicon Tek Spec 
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MEMORY CARDS (2) Series B (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 

Electrical Parts List—Type 230 

Ckt. No. Part No. Eff Disc Description 

Q1159 151-0190-00 1 4 Silicon 2N3904 
Q1159 *151-0190-01 5 Silicon Tek Spec 
Q1162 151-0188-00 1 4 Silicon 2N3906 
Q1162 151-0220-00 5 Silicon 2N4122 
Q1176 151-0188-00 7 4 Silicon 2N3906 
Q1176 151-0220-00 5 Silicon 2N4122 

Q1179 151-0190-00 7 4 Silicon 2N3904 
Q1179 *151-0190-01 5 Silicon Tek Spec 
Q1182 151-0188-00 7 4 Silicon - 2N3906 
Q1182 151-0220-00 5 Silicon 2N4122 

Q1185 151-0190-00 1 4 Silicon 2N3904 
Q1185 *151-0190-01 5 Silicon Tek Spec 

Resistors 

Resistors are fixed, composition, ++10% unless otherwise indicated. 

R1011 315-0102-00 1ka Y, W 5%, 
R1013 375-0242-00 24ko yw 5% 
R1014 315-0391-00 3902 uw 5% 
R1015 315-0622-00 6.2 ka uw 5% 
R1016 315-0433-00 43 ka yw 5% 

R1018 315-0134-00 130 ka uw 5% 
R1025 315-0102-00 1ka uw 5% 
R1026 315-0433-00 43 kQ Vv, W 5% 
R1028 315-0242-00 24ko2 yw 5% 
R1029 315-0242-00 2.4k0 uw 5% 

R103] 315-0391-00 390 2 uy, W 5% 
R1033 315-0392-00 3.9 ko ye W 5% 
R1034 315-0302-00 3ka uw 5% 
R1036 315-0202-00 2kQ VU, W 5% 
R1037 315-0392-00 3.9 ka UW 5% 

R1038 315-0474-00 470 ka UW 5% 
R1041 315-0102-00 1koQ uw 5% 
R1042 315-0391 -00 390 2 uw 5% 
R1044 315-0272-00 2.7 ka UW 5% 
R1045 315-0391 -00 3902 uw 5% 

R1046 315-0102-00 1ka uw 5% 
R1047 315-0392-00 3.9 ka uw 5% 
R1048 315-0472-00 47 ka yw 5% 
R1049 315-0203-00 20 kQ UW 5% 
R1051 315-0104-00 100 ko UW 5% 

R1053 315-0474-00 470 kQ Uw 5% 
R1055 315-0752-00 7.5ko2 yw 5% 
R1056 315-0104-00 100 ka UW 5% 
R1058 315-0132-00 1.3 ka yw 5% 
R1059 315-0913-00 91 ka uw 5% 
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Electrical Parts List—Type 230 

MEMORY CARDS (2) Series B (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

R1063 315-0100-00 109 Vy, W 5% 
R1064 311-0633-00 5ka, Var 
R1066 301-0473-00 47 kQ Vo W 5% 
R1068 301-0752-00 7.5kQ Vo W 5% 
R1069 315-0473-00 47k Y, W 5% 

R1071 315-0101-00 100 2 Uw 5%, 
R1073 315-0102-00 1kaQ YU, W 5%, 
R1075 315-0102-00 1kaQ Vv, W 5% 
R1077 311-0465-00 100 ko, Var 
R1078 315-0302-00 X6 3 ka uw 5% 

R1079 315-0105-00 1 5 1MaQ Vv, W 5% 
R1079 315-0205-00 6 2MQ yw . 5% 
R1112 315-0102-00 1ka YW 5% 
R1113 315-0272-00 J 3X 2.7 ka Vy, W 5% 
R1I116 315-0391-00 390 0 YW 5%, 

R1118 315-0102-00 1ka Vy, W 5% 
R1119 315-0433-00 43 ka YW 5% 
R1121 315-0391 -00 390 0 Vy W 5% 
R1123 315-0272-00 2.7 ka VU, W 5% 
R1124 315-0433-00 43 kO YW 5% 

R1125 315-0473-00 47 kX Vv, W 5% 
R1126 315-0182-00 1.8 ka Vv, W 5% 
R1128 315-0753-00 75 ka Vv, W 5% 
R1129 315-0102-00 1ka YW 5% 
R1134 315-0474-00 470 ka UW 5% 
R114] 315-0391 -00 3900 yw 5% 

R1142 315-0132-00 1.3 ka v,W 5% 
R1143 315-0242-00 24ko VY, W 5% 
R1145 315-0102-00 1ka Vi, W 5% 
R1147 311-0465-00 100 ko, Var 
R1149 315-0205-00 1 2 MOQ YW 5%, 
R1149 315-0105-00 2 ) 1MQ Vy, wW 5% 

R1149 315-0205-00 6 2MQ UW 5% 
R1150 315-0302-00 X6 3 ka UW 5% 
R1153 315-0100-00 109 Vv, W 5% 
R1154 311-0633-00 5kaQ, Var 
R1156 301 -0473-00 47 kQ Vy W 5%, 
R1159 315-0393-00 39 ka UW 5% 

R116] 315-0101-00 1002 Yu W 5% 
R1162 303-091 2-00 1 5 9.1kO 1W 5% 
R1162 303-0752-00 6 7.5kQ TW. 5% 
R1163 315-0102-00 1ka UW 5% 
R1165 301-0123-00 12 ka Vo W 5% 
R117] 315-0102-00 1ka yw 5% 

R1172 315-0242-00 2.4kO YW 5% 
R1174 315-0242-00 2.4kQ VW 5% 
R1175 315-0391 -00 390 2 UW 5% 
R1177 315-0224-00 220 ka UW 5% 
R1178 315-0474-00 470 kQ VU, W 5% 
R1179 315-0154-00 150 ka UW 5% 
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MEMORY CARDS (2) Series B (cont) 

Resistors (conf) 

Electrical Parts List—Type 230 

Tektronix Serial/Model No. 
Ckt. No. Part No. Disc Description 

R118] 315-0391-00 390 2 Y, W 5% 
R1183 315-0622-00 6.2 ko Y¥, W 5% 
R1184 315-0204-00 200 ka VY, W 5% 
R1185 315-0101-00 100 Q YW 5% 
R1191 307-0110-00 30 WY, W 5% 

R1193 307-0110-00 30 UW, W 5% 
R1194 307-0110-00 30 YU, W 5% 
R1195 307-0110-00 30 VY, W 5% 
R1196 307-0110-00 30 YU, W 5% 

BUFFER CARD Series C 

*670-0233-00 Complete Card 

Capacitors 

Tolerance +20% unless otherwise indicated. 

C621 283-0060-00 100 pF Cer 200 V 5% 
C624 283-0000-00 0.001 uF Cer 500 V 
C665 285-0595-00 0.1 uF PTM 100 V 1% 
C681 281-0540-00 3 51 pF Cer 5% 
C681 281-0509-00 15 pF Cer 500 V 

C686 283-0000-00 0.001 »F Cer 500 V 
C686 283-0065-00 0.001 uF Cer 100 V 5% 
C689 290-0136-00 2.2 uF Elect. 20V 
C705 283-0111-00 0.1 uF Cer 50V 
C715 283-0003-00 0.01 uF Cer 150 V 

C725 283-0111-00 0.1 uF Cer 50V 
C735 283-0003-00 0.01 uF Cer 150 V 

Diodes 

D631 *752-0185-00 3X Silicon Replaceable by 1N4152 
D633 *152-0185-00 Silicon Replaceable by 1N4152 
D635 152-0246-00 Silicon Low leakage 0.25W, 40V 
D641 *152-0185-00 3X Silicon Replaceable by 1N4152 
Dé43 *152-0185-00 Silicon Replaceable by 1N4152 

D645 152-0246-00 Silicon Low leakage 0.25 W, 40 V 
D652 *152-0185-00 Silicon Replaceable by 1N4152 
D653 152-0246-00 Silicon Low leakage 0.25 W, 40 V 
D671 *7152-0185-00 6 Silicon Replaceable by 1N4152 
Dé71 *152-0242-00 Silicon Selected from 1N486A 
D701 *]52-0185-00 Silicon Replaceable by 1N4152 

D706 *152-0185-00 Silicon Replaceable by 1N4152 
D707 *152-0185-00 Silicon Replaceable by 1N4152 
D721 *152-0185-00 Silicon Replaceable by 1N4152 
D726 *152-0185-00 Silicon Replaceable by 1N4152 
D727 *152-0185-00 Silicon Replaceable by 1N4152 
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Electrical Parts List—Type 230 

BUFFER CARD Series C (cont) 

Integrated Circuits 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

Mé14 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

M618 156-0012-00 Clocked J-K Flipflop Replaceable by Fairchild pL923 
M620 156-0007-00 R-S Flipflop Replaceable by Motorola 

MC352G 
M740 156-0004-00 Bias Driver Replaceable by Motorola 

MC354G 

Transistors 

Q611 151-0190-00 1 4 Silicon 2N3904 
Qél *151-0190-01 5 Silicon Tek Spec 
Q613 151-0190-00 1 4 Silicon 2N3904 
Q613 *151-0190-01 5 Silicon Tek Spec 
Q617 151-0190-00 1 4 Silicon 2N3904 

Q617 *151-0190-01 5 Silicon Tek Spec 
Q632 151-0188-00 1 4 Silicon 2N3906 
Q632 151-0220-00 5 Silicon 2N4122 
Q642 151-0188-00 1 4 Silicon 2N3906 
Q642 151-0220-00 5 Silicon 2N4122 

Q652 151-0188-00 1 4 Silicon 2N3906 
Q652 151-0220-00 5 Silicon 2N4122 
Q663 151-0190-00 1 4 Silicon 2N3904 
Q663 *151-0190-01 5 Silicon Tek Spec 
Q666 151-0188-00 1 4 Silicon 2N3906 

Q666 151-0220-00 5 Silicon 2N4122 
Q671 *151-0136-00 1 3 Silicon Replaceable by 2N3053 
Qé71 151-0190-00 4 Silicon 2N3904 
Qé671 *151-0190-01 ss) Silicon Tek Spec 
Q676 151-0188-00 xX Silicon 2N3906 

Q676 151-0220-00 5 Silicon 2N4122 
Q677 151-0190-00 1 4 Silicon 2N3904 
Q677 *151-0190-01 5 Silicon Tek Spec 
Q685 *151-0136-00 1 3 Silicon Replaceable by 2N3053 
Q685 151-0190-00 4 Silicon 2N3904 

Q685 *151-0190-01 5 Silicon Tek Spec 
Q687 151-0179-C0 Silicon 2N3877A 
Q689 151-0179-00 Silicon 2N3877A 
Q71l 151-0190-00 1 4 Silicon 2N3904 
Q7il *151-0190-01 5 Silicon Tek Spec 

Q714 151-0188-00 1 4 Silicon 2N3906 
Q714 151-0220-00 5 Silicon 2N4122 
Q731 151-0190-00 1 4 Silicon 2N3904 
Q731 *151-0190-01 ss) Silicon Tek Spec 
Q734 151-0188-00 1 4 Silicon 2N3906 
Q734 151-0220-00 5 Silicon 2N4122 
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BUFFER CARD Series C (cont) 

Electrical Parts List—Type 230 

Resistors 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

Resistors are fixed, composition, --10% unless otherwise indicated. 

R611 315-0102-00 1ka WV, W 5% 
R612 315-0821 -00 820 2 YW 5% 
R613 315-0621 -00 6200 VW 5% 
R614 315-0202-00 2 ka yw 5% 
R617 315-0103-00 10 ka YW 5% 

R618 315-0103-00 10 ka vu, W 5% 
R619 315-0472-00 47 ka uy WwW 5% 
R621 315-0153-00 15kQ uw 5% 
R622 315-0393-00 39 ka Vv, W 5% 
R624 315-0363-00 36 ka uw 5% 

R625 315-0433-00 43 ka YW 5% 
R630 315-0122-00 X4 1.2ka Vy, W 5% 
R631 315-0562-00 5.6 ka YW 5% 
R633 315-0823-00 82 kQ UW 5% 
R634 321-0363-00 59 ka VY, W Prec 1% 

R635 311-0463-00 5 ko, Var 
R640 315-0202-00 X4 2kaQ vu, W 5% 
R641 315-0103-00 10 ko Vu, W 5% 
R643 315-0823-00 82 ka uw 5% 
R644 321-0408-00 174 ko Ya W Prec 1% 

R645 311-0541-00 20 kQ, Var 
R651 315-0221-00 220 2 Y, W 5% 
R653 315-0202-00 2ka Vy, W 5% 
R654 315-0821-00 8200 Vy, W 5% 
R655 315-0182-00 1.8 ka Vy, W 5% 

R656 315-0223-00 22 ka uv, W 5% 
R660 311-0541-00 20 kQ, Var 
R661 321-0409-00 178 ka Va W Prec 1% 
R662 315-0244-00 240 ka Vv, W 5% 
R665 315-0243-00 24 ka uy, W 5% 

R667 303-0563-00 x4 56 kO 1W 5% 
R668 315-0102-00 x4 1ka Vy W 5% 
R669 315-0624-00 X3 620 ka VW 5% 
R670 311-0510-00 10 kQ, Var 
R671 316-0275-00 2.7 MO. yw 

R672 321-0338-00 1 3 32.4 kO YW Prec 1% 
R672 321-0347-00 4 40.2 ka VY, W Prec 1% 
R673 321-0261-00 5.11 ka vy, W Prec 1% 
R675 311-0465-00 100 kQ, Var 
R676 315-0274-00 1 3 270 ko UW 5% 

R676 322-0481-00 4 ; 1MQ Vy W Prec 1% 
R677 315-0474-00 x4 470 ka. Vy, W 5% 
R678 315-0332-00 1 3 3.3 kO uw 5% 
R678 315-0273-00 4 . 77 ka Vy, W 5% 
R680 311-0510-00 x4 10 ka 
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Electrical Parts List—Type 230 

BUFFER CARD Series C (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

R681 321-0346-00 1 3 39.2 kQ Va W Prec 1% 
R681 321-0353-00 4 46.4 kQ Va W Prec 1% 

R682 321-0349-00 ] 5 42.2 kQ Va W Prec 1% 
R682 321-0350-00 6 43.2 ka Va W Prec 1% 
R683 321-0357-00 51.1 ka Vy W Prec 1% 

R685 315-0184-00 180 ko y, W 5%, 
R686 315-0511-00 5100 UW 5% 

R687 315-0113-00 11ka VW 5% 
R689 315-0101-00 100Q Vy, W 5% 
R701 315-0363-00 ] 6 36 kl UW 5% 

R701 315-0513-00 7 51 kQ VW 5% 

R702 321-0289-03 10 ka Vg W Prec 0.25% 
R704 321-0389-00 110ka Va W Prec 1% 

R705 315-0102-00 1ka UW 5% 

R709 321-0293-03 11 ka YW Prec 0.25% 

R711 315-0244-00 240 kQ WwW 5% 

R714 315-0471-00 470Q VU, W 5% 
R716 301-0103-00 10kaQ Vy W 5% 

R721 315-0363-00 ] 6 36 ka UW 5% 
R721 315-0513-00 7 51 kQ VU, W 5% 

R722 321-0289-00 10kaQ Vg W Prec 0.25% 

R724 321-0389-00 110ka Ve W Prec 1% 
R725 315-0102-00 1kaQ VU, W 5% 

R727 315-0821-00 8200 Vy, W 5% 

R728 315-0621-00 1 620 2 UW 5% 

R728 315-0821-00 2 8200 VU, W 5% 

R729 321-0293-03 11 ka Vy W Prec 0.25% 

R731 315-0244-00 240 ka YW 5% 

R734 315-0471-00 4702 VU, W 5% 

R736 301-0103-00 10kaQ Vy W 5% 

Switch 
Unwired or Wired 

SW671 260-0984-00 X4 Slide CAL RUN 

COMPARATOR CARDS (2) Series D 

*670-0234-00 Complete Card 

Capacitors 

Tolerance +-20% unless otherwise indicated. 

C1422 283-0054-00 150 pF Cer 200 V 5% 

C1425 283-0065-00 X5 0.001 uF Cer 100 V 5% 
C1462 283-0000-00 0.001 pF Cer 500 V 

C1477 281-0525-00 470 pF Cer 500 V 

C1478 290-0136-00 2.2 pF Elect. 20 V 
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Electrical Parts List—Type 230 

COMPARATOR CARDS (2) Series D (cont) 

Capacitors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

C1592 290-0327-00 0.56 pF Elect. 100 V 
C1594 290-0183-00 1 pF Elect. 35V 10% 
C1596 290-0183-00 1 pF Elect. 35V 10% 
C1598 290-0327-00 0.56 uF Elect. 100 V 

Diodes 

D1311 *152-0185-00 Silicon Replaceable by 1N4152 
D1316 *152-0185-00 Silicon Replaceable by 1N4152 
D1317 *152-0185-00 Silicon Replaceable by 1N4152 
D1336 *152-0185-00 Silicon Replaceable by 1N4152 
D1361 *152-0185-00 Silicon Replaceable by 1N4152 

D1362 *152-0185-00 Silicon Replaceable by 1N4152 
D1364 *152-0185-00 Silicon Replaceable by 1N4152 
D1366 *152-0185-00 Silicon Replaceable by 1N4152 
D1374 *152-0185-00 Silicon Replaceable by 1N4152 
D1376 *152-0185-00 Silicon Replaceable by 1N4152 

D1379 *152-0185-00 Silicon Replaceable by 1N4152 
D1382 *152-0185-00 Silicon Replaceable by 1N4152 
D1445% *153-0033-00 1 5 Matched Resistors and Diode assembly 
D1445* *153-0033-01 6 Matched Resistors and Diode assembly 
D1511 *152-0185-00 Silicon Replaceable by 1N4152 
D152) *152-0185-00 Silicon Replaceable by 1N4152 

D1530 *152-0185-00 Silicon Replaceable by 1N4152 
D1531 *152-0185-00 Silicon Replaceable by 1N4152 
D1540 *152-0185-00 Silicon Replaceable by 1N4152 
D1541 *152-0185-00 Silicon Replaceable by 1N4152 
D1551 *152-0185-00 Silicon Replaceable by 1N4152 

D1561 *152-0185-00 Silicon Replaceable by 1N4152 
D1571 *152-0185-00 Silicon Replaceable by 1N4152 
D1581 *152-0185-00 , Silicon Replaceable by 1N4152 

Relays 

K1314 *108-0340-00 1 3 Coil, Reed (double) 
K1314A 260.0877-00 1 Reed 
K1314A 260-0877-01 2 3 Reed 
K1314B 260-0877-00 1 Reed 
K1314B 260-0877-01 2 3 Reed 

K1314 
K1314A 148-0041-00 4 Reed (double) 
K1314B 
K1318 *108-0340-00 1 3 Coil, Reed (double) 
K1318A 260-0877-00 1 Reed 

K1318A 260-0877-01 2 3 Reed 
K1318B 260-0877-00 1 Reed 
K1318B 260-0877-01 2 3 Reed 
K1318 
K1318A 148-0041-00 4 Reed (double) 
K1318B 

8Furnished as a unit with R1434 and R1456. 

“Furnished as a unit with R1433, R1434, R1456 and R1457 modl bup. 
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Electrical Parts List—Type 230 

COMPARATOR CARDS (2) Series D (cont) 

Relays (conf) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

K1324 *108-0355-00 1 3 Coil, Reed 

K1324A 260-0877-00 1 Reed 

K1324A 260-0877-01 2 3 Reed 
K1324 . Rada 148-0039-00 4 Reed (single) 

K1336 *108-0340-00 1 3 Coil, Reed (double} 
K1336A 260-0877-00 1 Reed 
K1336A 260-0877-01 2 3 Reed 

K1336B 260-0877-00 1 Reed 
K1336B 260-0877-01 2 3 Reed 

K1336 

K1336A 148-0041-00 4 Reed (double) 
K1336B 
K1342 *108-0355-00 1 3 Coil, Reed 

K1342A 260-0877-00 ] Reed 

K1342A 260-0877-01 2 3 Reed 
K1342 : 
K1342A 148-0039-00 4 Reed {single} 

K1356 *108-0355-00 ] 3 Coil, Reed 

K1356A 260-0877-00 1 Reed 

K1356A 260-0877-01 2 3 Reed 
K1356 . 
K1356A 148-0039-00 4 Reed (single) 

K1364 *108-0340-00 1 3 Coil, Reed (double) 
K1364A 260-0877-00 1 Reed 

K1364A 260-0877-01 2 3 Reed 

K1364B 260-0877-00 1 Reed 
K1364B 260-0877-01 2 3 Reed 
K1364 

K1364A 148-0041-00 4 Reed (double) 
K1364B 

K1368 *108-0340-00 1 3 Coil, Reed (double) 
K1368A 260-0877-00 1. Reed 

K1368A 260-0877-01 2 3 Reed 
K1368B 260-0877-00 1 Reed 
K1368B 260-0877-01 2 3 Reed 

K1368 

K1368A 148-0041-00 4 Reed (double) 
K1368B 
K1374 *108-0340-00 1 3 Coil, Reed (double) 
K1374A 260-0877-00 ] Reed 
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Electrical Parts List—Type 230 

COMPARATOR CARDS (2) Series D (cont) 

Relays (cont) 

Tektronix Serial/Mode! No. 

Ckt. No. Part No. Eff Disc Description 

K1374A 260-0877-01 2 3 Reed 
K1374B 260-0877-00 1 Reed 
K1374B 260-0877-01 2 3 Reed 
K1374 
K1374A 148.0041-00 4 Reed (double) 
K1374B 

K1382 *108-0355-00 1 3 Coil, Reed 
K1382A 260-0877-00 1 Reed 
K1382A 260-0877-01 2 3 Reed 
K , Klope A 148-0039-00 4 Reed {single} 

K1392 *108-0355.00 1 3 Coil, Reed 
K1392A 260-0877-00 1 Reed 
K1392A 260-087-012 3 Reed 
K1392 , 
K1372 148.0039-00 4 Reed (single) 

K1513 *108-0355.00 1 3 Coil, Reed 
K1513A 260-0877-00 1 Reed 
K1513A 260-0877-01 2 3 Reed 
K1513 , EN 148.0039-00 4 Reed (single) 

K1523 *108-0355-00 1 3 Coil, Reed 
K1523A 260-087-001 Reed 
K1523A 260-0877-01 2 3 Reed 
K1523 , RT eeaA 148-0039-00 4 Reed (single) 

K1533 *108-0355-00 1 3 Coil, Reed 
K1533A 260-087-001 Reed 
K1533A 260-087-012 3 Reed 
K1533 , ReagA 148-0039-00 4 Reed (single) 

K1543 *108-0355-00 1 3 Coil, Reed 
K1543A 260-0877-00 1 Reed 
K1543A 260-087-012 3 Reed 
K1543 , RA 148.0039-00 4 Reed (single) 

K1553 *108-0355-00 1 3 Coil, Reed 
K1553A 260-087-001 Reed 
K1553A 260-0877-01 2 3 Reed 
K1553 , KIeeSA 148.0039-00 4 Reed (single) 
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Electrical Parts List—Type 230 

COMPARATOR CARDS (2) Series D (cont) 

Relays (conf) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

K1563 *108-0355-00 1 3 Coil, Reed 
K1563A 260-0877-00 1 Reed 
K1563A 260-0877-01 2 3 Reed 

Kea 148-0039-00 4 Reed (single) 

K1573 *108-0355-00 1 3 Coil, Reed 
K1573A 260-0877-00 1 Reed 
K1573A 260-0877-01 2 3 Reed 

REA 148-0039-00 4 Reed (single) 

K1583 *108-0355-00 1 3 Coil, Reed 
K1583A 260-0877-00 1 Reed 
K1583A 260-0877-01 2 3 Reed 
K . RIeBSA 148-0039-00 4 Reed [single] 

Integrated Circuit 

M1472 156-0013-00 Differential Comparator Replaceable by Fairchild ~A710C 

Transistors 

Q1314 151-0188-00 1 2 Silicon 2N3906 
Q1314 151-0220-00 3 Silicon 2N4122 

Q1318 151-0188-00 1 2 Silicon 2N3906 
Q1318 151-0220-00 3 Silicon 2N4122 

Q1324 151-0188-00 1 2 Silicon 2N3906 

Q1324 151-0220-00 3 Silicon 2N4122 
Q1336 151-0188-00 1 2 Silicon 2N3906 
Q1336 151-0220-00 3 Silicon 2N4122 
Q1342 151-0188-00 1 2 Silicon 2N3906 
Q1342 151-0220-00 3 Silicon 2N4122 

Q1356 151-0188-00 1 2 Silicon 2N3906 
Q1356 151-0220-00 3 Silicon 2N4122 
Q1364 151-0188-00 1 2 Silicon 2N3906 

Q1364 151-0220-00 3 Silicon 2N4122 
Q1368 151-0188-00 1 2 Silicon 2N3906 

Q1368 151-0220-00 3 Silicon 2N4122 
Q1374 151-0188-00 1 2 Silicon 2N3906 
Q1374 151-0220-00 3 Silicon 2N4122 
Q1378 151-0188-00 1 2 Silicon 2N3906 

Q1378 151-0220-00 3 3X Silicon 2N4122 

Q1382 151-0188-00 1 2 Silicon 2N3906 
Q1382 151-0220-00 3 Silicon 2N4122 
Q1392 151-0188-00 1 2 Silicon 2N3906 
Q1392 151-0220-00 3 Silicon 2N4122 
Q1421 *151-0104-00 Silicon Replaceable by 2N2913 
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Electrical Parts List—Type 230 

COMPARATOR CARDS (2) Series D (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

Q1422 151-0188-00 1 2 Silicon 2N3906 
Q1422 151-0220-00 3 Silicon 2N4122 

Q1423 151-0190-00 1 2 Silicon 2N3904 
Q1423 *151-0190-01 3 Silicon Tek Spec 

Q1424 151-0188-00 1 2 Silicon 2N3906 

Q1424 151-0220-00 3 Silicon 2N4122 

Q1428 *151-0133-00 Silicon Selected from 2N3251 

Q1442 *151-0134-00 Silicon Replaceable by 2N2905 

Q1449 *151-0103-00 Silicon Replaceable by 2N2219 
Q1461 *151-0104-00 Silicon Replaceable by 2N2913 

Q1462 151-0188-00 1 2 Silicon 2N3906 

Q1462 151-0220-00 3 Silicon 2N4122 

Q1463 151-0190-00 1 2 Silicon 2N3904 
Q1463 *151-0190-01 3 Silicon Tek Spec 

Q1464 151-0188-00 1 2 Silicon 2N3906 

Q1464 151-0220-00 3 Silicon 2N4122 

Q1472 *151-0133-00 Silicon Selected from 2N325]1 

Q1513 151-0190-00 1 2 Silicon 2N3904 

Q1513 *151-0190-01 3 Silicon Tek Spec 

Q1523 151-0190-00 1 2 Silicon 2N3904 

Q1523 *151-0190-01 3 Silicon Tek Spec 

Q1533 151-0190-00 1 2 Silicon 2N3904 

Q1533 *151-0190-01 3 Silicon Tek Spec 

Q1543 151-0190-00 1 2 Silicon 2N3904 

Q1543 *151-0190-01 3 Silicon Tek Spec 

Q1553 151-0190-00 1 2 Silicon 2N3904 

Q1553 *151-0190-01 3 Silicon Tek Spec 

Q1563 151-0190-00 1 2 Silicon 2N3904 

Q1563 *151-0190-01 3 Silicon Tek Spec 

Q1573 151-0190-00 1 2 Silicon 2N3904 

Q1573 *151-0190-01 3 Silicon Tek Spec 

Q1583 151-0190-00 ] 2 Silicon 2N3904 

Q1583 *151-0190-01 3 Silicon Tek Spec 

Resistors 

Resistors are fixed, composition, =:10% unless otherwise indicated. 

R131] 315-0202-00 2kQ VY, W 5% 

R1312 315-0241-00 2402 VY, W 5% 

R1314 315-0182-00 1.8ka2 VY, W 5% 
R1316 315-0332-00 3.3 kQ YW 5% 

R1317 315-01 13-00 11 kQ YW 5% 

R1318 315-0223-00 ] 3 22 kQ Y, W 5% 

R1318 315-0203-00 4 20 kQ VY, W 5% 
R1321 315-0202-00 2kQ VY, W 5% 
R1322 315-0241 -00 2402 VV, W 5% 
R1323 315-0562-00 5.6 kQ YW 5% 
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Electrical Parts List—Type 230 

Resistors (coni} 

COMPARATOR CARDS (2) Series D (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

R1324 315-0241-00 1 3 240 2 Vy, W 5%, 
R1324 315-0181-00 4 1809 yy, W 5% 
R1326 315-0332-00 3.3 ka Vy, WwW 5% 
R1327 315-0473-00 47 ka yw 5%, 
R1329 315-0682-00 6.8 ka yw 5% 

R1331 315-0912-00 9.1kO yy, W 5% 
R1232 315-0912-00 9.1 ka Vv, W 5% 
R1333 315-0752-00 75k yw 5% 
R1334 315-0222-00 2.2 ka yy, W 5% 
R1336 315-0912-00 9.1ka UW 5% 

R1338 315-0163-00 16ka uy wW 5%, 
R1342 315-0241-00 1 3 240 2 yw 5% 
R1342 315-0181-00 4 1809 YW 5% 
R1343 315-0272-00 2.7 ka YW 5% 
R1345 315-0123-00 12ka uw 5% 

R1346 315-0682-00 6.8 ka yw 5%, 
R135] 315-0912-00 9.1ka uw 5% 
R1352 315-0912-00 9.1ko uw 5% 
R1354 315-0912-00 9.1ko Uw 5% 
R1355 315-0163-00 16 ka uw 5% 

R1356 315-0241 -00 1 3 2402 Vy, W 5% 
R1356 315-0181-00 4 1809 yy, W 5% 
R1357 315-0272-00 2.7 ka Vv, W 5% 
R1358 315-0123-00 12 ka YW 5% 
R1359 315-0682-00 6.8 ka Va 5% 

R136] 315-0302-00 3ka Vy, W 5% 
R1362 315-0103-00 10kaQ yy, W 5% 
R1363 315-0622-00 6.2 ka Vy, W 5% 
R1364 315-0473-00 47 ka Vy, W 5% 
R1366 315-0202-00 2ka Vw 5% 

R1367 315-0241 -00 2402 Vy, W 5% 
R1368 315-0303-00 30 ka UW 5% 
R137] 315-0512-00 5.1ka yw 5% 
R1372 315-0183-00 1 5 18 ko UW 5% 
R1372 315-0163-00 6 16 ka Vy, W 5% 
R1373 315-0512-00 5.1ka uw 5% 

R1376 315-0512-00 5.1 ka Vy wW 5% 
R1377 315-0183-00 18 ka Vy WwW 5% 
R1378 315-0822-00 8.2 ka Vv, W 5% 
R1382 315-0241-00 1 3 240 0 Y, W 5% 
R1382 315-0181-00 4 180 9 yy, W 5% 

R1383 315-0272-00 2.7 ka Vy, W 5% 
R1385 315-0822-00 8.2ka yw 5% 
R1386 315-0822-00 8.2ka Uv, W 5% 
R1389 315-0273-00 1 5 27 ka Uw 5% 
R1389 315-0223-00 6 22 ka Vi, W 5% 
R1392 315-0241-00 1 3 240 2 Vy wW 5% 
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Electrical Parts List—Type 230 

COMPARATOR CARDS (2) Series D (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Dise Description 

R1392 315-0181-00 4 180 2 Vy, W 5% 
R1393 315-0182-00 | 3 1.8kQ Y, W 5% 
R1393 315-0272-00 4 2.7 kQ Y, W 5% 
R1410 315-0103-00 10 ka Vy, W 5% 
R1421 321-0235-00 2.74 ka VY, W Prec 1% 
R1422 323-0491 -00 1.27 MQ Vo W Prec 1% 

R1423 321-0441-00 383 kO VY, W Prec 1% 
R1424 315-0114-00 110 ka Y¥, W 5% 
R1425 311-0464-00 25 kQ, Var 
R1426 323-0462-00 634 ka VY. W Prec 1% 
R1428 315-0153-00 15 ka Vy, W 5% 
R1430 315-0103-00 10 ka Y¥, W 5% 

R143] 308-0438-00 | 6 5ka 3W Www 0.5% 
R1431 308-0586-00 7 5kQ 3W ww 0.25% 
R1433 308-0439-00 1 5 5.83 ka 3W ww 0.5% 
R1433° *153-0033-01 6 Matched Resistors and Diode assembly 
R14348 *153-0033-00 1 5 Matched Resistors and Diode assembly 
R1434° *]53-0033-01 6 Matched Resistors and Diode assembly 

R1435 311-0433-00 100.0, Var 
R1438 321-0235-00 2.74 kO. Ve W Prec 1% 
R1439 315-0470-00 479, Vy, W 5% 
R1442 323-0260-00 4.99 kO. VY, W Prec 1% 
R1443 323-0310-00 1 5 16.5kQ Y. W Prec 1% 
R1443 323-031 8-00 6 20 ka Y, W Prec 1% 

R1444 321-0269-00 6.19 ka VY, W Prec 1% 
R1445 311-0462-00 1kQ, Var 
R1446 321-0269-00 6.19 kO VY, W Prec 1% 
R1447 323-0310-00 1 5 16.5 ka VY W Prec 1% 
R1447 323-0318-00 6 20 ka Y, W Prec 1% 
R1449 323-0260-0U 4.99 ka Y. W Prec 1% 

R1450 315-0103-00 10 ka Y, W 5% 
R1455 311-0433-00 100 0, Var 
R14567 *153-0033-00 1 5 Matched Resistors and Diode assembly 
R14565 *153-0033-01 6 Matched Resistors and Diode assembly 
R1457 308-0439-00 1 5 5.83 ka 3W Www 0.5% 
R14575 *153-0033-01 6 Matched Resistors and Diode assembly 

R1459 315-0152-00 1.5 ko Vy, W 5% 
R1460 315-0103-00 10 ka Y, W 5% 
R146] 321-0239-00 3.01 ka VY, W Prec 1% 
R1462 323-0491 -00 1.27 MO VY. W Prec 1% 
R1463 321-0441-00 383 ka VY, W Prec 1% 
R1464 315-0114-00 110 ka VY, W 5% 

R1465 311-0464-00 25 kQ, Var 
R1466 323-0462-00 634 ko y, W Prec 1% 
R1468 315-0102-00 1ka yy, W 5% 
R1469 315-0133-00 13 ka Y, W 5% 
R1470 315-0103-00 10 ka Vv, W 5%. 

5R1433, R1434, R1456, R1457 and D1455 model 6-up furnished as a unit. 

®Furnished as a unit with D1445 and R1456. 

7Furnished as a unit with D1445 and R1434. 
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Electrical Parts List-—Type 230 

Resistors (cont) 

COMPARATOR CARDS (2) Series D (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

R147] 315-0471-00 4709 Vy, W 5% 

R1472 315-0153-00 15kQ yw 5% 

R1473 315-0471 -00 4702 VW 5%, 

R1474 316-0225-00 2.2 MO y, W 

R1475 311-0465-00 100 kQ, Var 

R1477 315-0471 -00 4700 VW 5% 

R1478 315-0101-00 100.2 UW 5%, 

R1479 315-0471 -00 4702 Vy, W 5% 

R1481 321-0068-00 49.90 Vv, W Prec 1% 

R1482 321-0636-00 100 2 VY, W Prec 0.5% 

R1483 321-0636-00 100.2 VY, W Prec 0.5% 

R1484 321-0636-00 100 2 VY, W Prec 0.5% 

R1485 321-0636-00 100 2 V_e W Prec 0.5% 

R1486 308-0434-00 500 0 3W WW 0.25% 

R1487 308-0435-00 1ka 3W WW 0.25% 

R1488 308-0436-00 2ka 3W WW 0.1% 

R1489 308-0437-00 4ka 3W Www 0.1% 

R1511 315-0103-00 10 ka VW 5% 

R1512 315-0562-00 5.6 ka VY, W 5% 

R1513 315-0182-00 1.8 ka VW 5% 

R1514 315-0161-00 1600 WwW 5% 

R1521 315-0103-00 10 ka Uv, W 5% 

R1522 315-0562-00 5.6ka Vy, W 5% 

R1523 315-0182-00 1.8 ka Vy, W 5% 

R1524 315-0161-00 1600 Vi, W 5%, 

R1531 315-0103-00 10 ka VW 5% 

R1532 315-0562-00 5.6 ka VY, W 5% 

R1533 315-0182-00 1.8kQ Vy, W 5% 

R1534 315-0161-00 1600 Vy, W 5% 

R154] 315-0103-00 10 ka VW 5% 

R1542 315-0562-00 5.6 kO Vy, W 5% 

R1543 315-0182-00 1.8koQ Vy, W 5% 

R1544 315-0161 -00 16002 VW 5% 

R155] 315-0103-00 10 ka UW 5% 

R1552 315-0562-00 5.6ko Vv, W 5% 

R1553 315-0182-00 1.8ko UW 5% 

R1554 315-0161-00 1600 Vy, W 5% 

R156) 315-0103-00 10 ka yw 5% 

R1562 315-0562-00 5.6ka Vi, W 5% 

R1563 315-0182-00 1.8 ka UW 5% 

R1564 315-0161-00 1609 Vv, W 5% 

R1571 315-0103-00 10ka yw 5% 

R1572 315-0562-00 5.6ko uw 5% 

R1573 315-0182-00 1.8 ko Vy, W 5% 

R1574 315-0161-00 16092 VW 5% 
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Resistors (cont) 

Electrical Parts List—Type 230 

COMPARATOR CARDS (2) Series D (conf) 

Tektronix Serial/Model No. 
Ckt. No. Purt No. Eff Disc Description 

R1581 315-0103-00 10 ka Vy, W 5% 
R1582 315-0562-00 5.6 ka ww 5% 
R1583 315-0182-00 1.8 ka Vy, W 5% 
R1584 315-0161-00 160 0 VW 5% 
R1592 315-0470-00 479 uw 5% 

R1594 315-0101-00 100.9 yw 5% 
R1596 315-0101-00 100.9 Vy, W 5% 
R1598 315-0470-00 479 Vy, WwW 5% 

Switch 
Unwired or Wired 

SW1585 260-0723-00 Slide CALIBRATE RUN 

Test Points 

TP1410 *214-0579-00 Pin, Test Point 
TP1430 *214-0579-00 Pin, Test Point 

TP1450 *214-0579-00 Pin, Test Point 
TP1460 *214-0579-00 Pin, Test Point 
TP1470 *214-0579-00 Pin, Test Point 

CLOCK CARD Series E 

*670-0235-00 1 2 Complete Card 
*670-0235-02 3 Complete Card 

Capacitors 

Tolerance +20% unless otherwise indicated. 

C2015 283-0110-00 0.005 pF Cer 150 V 
C2022 281-0543-00 1 2 270 pF Cer 500 V 10% 
C2022 281-0536-00 3 1000 pF Cer 500 V 10% 
C2023 283-0605-00 X3 678 pF Mica 300 V 1% 
C2024 281-0524-00 1 2X 150 pF Cer 500 V 

C2026 283-0640-00 X3 160 pF Mica 100 V 1% 
C2027 281 -0536-00 1 2X 1000 pF Cer 500 V 10% 
C2045 281-0605-00 X3 200 pF Cer 500 V 
C2064 281-0525-00 470 pF Cer 500 V 
C2072 281 -0525-00 470 pF Cer 500 V 

C2073 281 -0536-00 1000 pF Cer 500 V 10% 
C2081 281 -0536-00 1000 pF Cer 500 V 10% 
C2083 281 -0536-00 1000 pF Cer 500 V 10% 
C2093 283-0110-00 0.005 pF Cer 150 V 
C2113 283-01 10-00 0.005 uF Cer 150 V 
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Electrical Parts List—Type 230 

CLOCK CARD Series E (cont) 

Capacitors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

C2121 290-0267-00 X3 1 pF Elect. 35V 
C2122 290-0267-00 X3 1 pF Elect. 35V 
C2124 290-0267-00 X2 1 pf Elect. 35 V 
C2126 281 -0536-00 1 2 1000 pF Cer 500 V 10% 
C2126 281-0523-00 3 100 pF Cer 350 V 

C2128 281 -0536-00 1 2 1000 pF Cer 500 V 10% 
C2128 281 -0523-00 3 100 pF Cer 350 V 
C2131 281-05; 8-00 47 pF Cer 500 V 
C2144 283-0110-00 x3 0.005 uF Cer 150 V 
C2163 283-0110-00 0.005 uF Cer 150 V 

Diodes 

D2011 *152-0185-00 Silicon Replaceable by 1N4152 
D2016 *152-0185-00 Silicon Replaceable by 1N4152 
D2021 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D2022 *152-0185-00 Silicon Replaceable by 1N4152 
D2023 *152-0185-00 Silicon Replaceable by 71N4152 

D2024 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D2025 *152-0185-00 x3 Silicon Replaceable by 1N4152 
D2035 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D2051 *152-0185-00 Silicon Replaceable by 1N4152 
D2054 *752-0185-00 Silicon Replaceable by 1N4152 

D2056 *152-0185-00 Silicon Replaceable by 1N4152 
D20<0 *152-0185-00 X3 Silicon Replaceable by 71N4152 
D2062 *152-0185-00 Silicon Replaceable by 1N4152 
D2063 *]52-0185-00 Silicon Replaceable by 1N4152 
D2091 *152-0185-00 Silicon Replaceable by 1N4152 

D2111 *]52-0185-00 Silicon Replaceable by 1N4152 
D214] *152-0185-00 Silicon Replaceable by 1N4152 
D216] *152-0185-00 Silicon Replaceable by 1N4152 

Integrated Circuits 

M2018 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2045 156-0003-00 x3 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

M2074 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

M2076 156-0007-00 R-S Flipflop Replaceable by Motorola 
MC352G 

M2078 156-0003-00 3-Input AND /NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 
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CLOCK CARD Series E (cont) 

Integrated Circuits (cont) 

Electrical Parts List—Type 230 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

M2080 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2082 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 

NOR Gate MC360G 
M2084 156-0002-00 J-K Flipflop Replaceable by Motorola 

MC358AG 
M2086 156-0002-00 J-K Flipflop Replaceable by Motorola 

MC358AG 
M2090 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 

NOR Gate MC360G 

M2094 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G 

M2098 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
? NOR Gate MC360G 

M2100 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2102 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2104 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

M2106 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

M2108 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2110 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2120 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2124 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G 

M2126 156-0011 -00 Dual 2-Input NAND/ = Replaceable by Fairchild L914 
NOR Gate 

M2128 156-0011-00 Dual 2-Input NAND/ Replaceable by Fairchild L914 
NOR Gate 

M2140 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G- 

M2144 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G — 

M2148 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G 

M2150 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2152 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2154 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate MC357G 

M2156 156-0003-00 3-Input AND/NAND- Replaceable by Motorola 
OR/NOR Gate ‘ .MC357G 

M2158 156-0002-00 J-K Flipflop Replaceable by Motorola 

Oi 

MC358AG 
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Electrical Parts List—Type 230 

CLOCK CARD Series E (cont) 

Integrated Circuits (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

M2160 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2170 156-0002-00 J-K Flipflop Replaceable by Motorola 
MC358AG 

M2172 156-0006-00 Dual 2-Input NAND/ Replaceable by Motorola 
NOR Gate MC360G 

M2178 156-0004-00 Bias Driver Replaceable by Motorola 
MC354G 

Transistors 

Q72021 151-0190-00 1 se) Silicon 2N3904 
Q2021 *151-0190-01 6 Silicon Tek Spec 

Q2025 151-0190-00 1 5 Silicon 2N3904 
Q2025 *151-0190-01 6 Silicon Tek Spec 
Q2029 151-0190-00 X3 i) Silicon 2N3904 

Q2029 *151-0190-01 6 Silicon Tek Spec 

Q2031 151-0190-00 1 se) Silicon 2N3904 

Q2031 *151-0190-01 6 Silicon Tek Spec 
Q2035 151-0190-00 x3 5 Silicon 2N3904 
Q2035 *151-0190-01 6 Silicon Tek Spec 

Q2045 151-0190-00 1 2x Silicon 2N3904 
Q2054 151-0188-00 1 5 Silicon 2N3906 

Q2054 151-0220-00 6 Silicon 2N4122 

Q2066 151-0188-00 1 5 Silicon 2N3906 
Q2066 151-0220-00 6 Silicon 2N4122 

Q2072 151-01 88-00 1 se) Silicon 2N3906 
Q2072 151-0220-00 6 Silicon 2N4122 

Q2079 151-0190-00 1 5 Silicon 2N3904 
Q2079 *151-0190-01 6 Silicon Tek Spec 
Q2095 151-0190-00 ] § Silicon 2N3904 

Q2095 *151-0190-01 6 Silicon Tek Spec 
Q2117 151-0190-00 1 se) Silicon 2N3904 
Q2117 *151-0190-01 6 Silicon Tek Spec 
Q2145 151-0190-00 1 5 Silicon 2N3904 
Q2145 *151-0190-01 6 Silicon Tek Spec 

Q2167 151-0190-00 1 se) Silicon 2N3904 
Q2167 *151-0190-01 6 Silicon Tek Spec 

Resistors 

Resistors are fixed, composition, --10% unless otherwise indicated. 

R2013 315-0432-00 4.3 ka YW 5% 
R2014 315-0362-00 3.6 ka yw 5% 
R2015 315-0302-00 3 ko YW 5% 
R2018 315-0472-00 4.7 ka YW 5% 
R2020 315-0471-00 x3 4702 YW 5% 
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CLOCK CARD Series E (cont) 

Resistors (coni} 

Electrical Parts List—Type 230 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

R2021 315-0242-00 2.4kO Vy, W 5% 
R2022 315-0102-00 X3 1kQ VW 5% 
R2023 315-0823-00 1 2 82 kQ VW, W 5% 
R2023 321-0334-00 3 29.4 kO Vg W Prec 1% 
R2024 315-0563-00 1 2 56k2 Vy, W 5% 

R2024 315-0203-00 3 20 ko Vy, W 5% 
R2025 315-0361 -00 1 2 360 2 VW 5% 
R2025 315-0182-00 3 1.8 ka VW 5% 
R2026 321-0335-00 X3 30.1 ka Va W Prec 1% 
R2027 315-0391 -00 1 2X 390 2 VY, W 5% 

R2028 315-0103-00 1 2x 10k Y, W 5% 
R2029 315-0621-00 1 2X 6209 Y, W 5% 
R2030 315-0182-00 x3 1.8 ko Vi, W 5% 
R2031 315-0431 -00 7 2 430 2 Vy, W 5% 
R2031 315-0122-00 3 1.2 kQ Vy, W 5% 

R2035 315-0103-00 X3 10 kQ VW 5% 
R2041 315-0623-00 62 ko Uw 5% 
R2042 315-0183-00 18 ka Vy, W 5% 
R2043 315-0154-00 1 6 150 ka VW 5% 
R2043 321-0414-00 7 200 ko Va W Prec 1% 
R2045 315-0103-00 1 2X 10k Vy, W 5% 

R2046 315-0203-00 1 2 20 ko Wy, W 5% 
R2046 315-0122-00 3 1.2ko VW 5% 
R2048 315-0102-00 X3 1ka VW 5% 
R2049 315-0472-00 X3 4,7 ko VY, W 5% 
R2051 315-0512-00 5.1 ko Vy, W 5%, 

R2052 315-0302-00 3 ko VY, W 5% 
R2053 315-0432-00 4.3 ko VY, W 5% 
R2054 315-0563-00 56 ko VY, W 5% 
R2060 315-0203-00 X3 20 kO VY, W 5% 
R206? 315-0563-00 1 2 56 ko VY, W 5% 

R206] 315-0363-00 3 36 kQ VY, W 5% 
R2062 315-0363-00 36 ko, uw 5% 
R2063 315-0203-00 20 ko VY, W 5% 
R2064 315-0242-00 2.4kO uv, W 5% 
R2065 315-0242-00 2.4kO VY, W 5% 

R2067 315-0563-00 1 3 56 ko uv W 5% 
R2067 315-0303-00 4 30 ko VY, W 5% 
R2068 315-0203-00 7 3 20 ko Vy, W 5% 
R2068 315-0123-00 4 12ka VW 5% 
R2069 315-0102-00 1kQ Vy, W 5% 

R2071 315-0202-00 1 2X 2 ka VW 5% 
R2072 315-0393-00 39 ko Vy, W 5% 
R2073 315-0272-00 2.7 ka VW 5% 
R2074 315-0362-00 3.6 ka Vy, W 5% 
R2076 315-0392-00 3.9 kO Vy W 5% 
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Electrical Parts List—Type 230 

CLOCK CARD Series E (cont) 

Resistors (conf) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

R2077 315-0242-00 2.4 ko VY, W 5% 

R2079 . 315-0272-00 2.7 ka yw 5% 

R2091 315-0682-00 6.8 ka VY, W 5% 

R2092 315-0303-00 30 kO VY, W 5% 

R2093 315-0393-00 39 ka yy, W 5% 

R2094 315-0392-00 3.9 ka Y, W 5% 

R2096 315-0562-00 5.6 ka VW, W 5% 

R2104 315-0272-00 2.7 ka Vy, W 5% 

R2106 315-0272-00 2.7 ka Vy, W 5% 

R2111 315-0512-00 5.1 ka Vy, W 5% 

R2112 315-0302-00 3 ka VW 5% 

R2113 315-0432-00 4.3kO yw 5% 

R2116 315-0392-00 3.9 ka Vy, W 5% 

R2117 315-0562-00 §.6kO Vy, W 5% 

R212] 315-0102-00 1ka Y, W 5% 

R2122 315-0102-00 1ka Y, W 5% 
R2124 315-0272-00 1 2.7 ka Y, W 5% 
R2124 315-0222-00 2 2.2 kQ UW 5% 
R2126 315-0201-00 x3 200 2 VY, W 5% 
R2128 315-0201-00 X3 200 2 YW, W 5% 

R213] 315-0393-00 39 kn uw 5% 
R2132 315-0393-00 39 ka Vy, W 5% 
R214] 315-0682-00 6.8 kQ Vv, W 5% 
R2142 315-0303-00 30 ka Vy, W 5% 
R2143 315-0393-00 39 kO VY, W 5% 

R2144 315-0392-00 3.9 ka yy, W 5% 
R2146 315-0562-00 5.6 ka uw 5% 
R2154 315-0272-00 2.7 ka VY, W 5% 
R2156 315-0272-00 27 ka yy, W 5% 
R2161 315-0512-00 5.1 ka uw 5% 

R2162 315-0302-00 3 ka Vy, W 5% 
R2163 315-0432-00 4.3 ko Vy, W 5% 
R2166 315-0392-00 3.9 ka WwW 5% 
R2167 315-0562-00 5.6 ko WY, W 5% 

Crystals 

Y2071 158-0031-00 1 4 10 MHz 
Y2071 158-0031-01 5 10 MHz 
¥2072 158-0025-00 1 2 1 MHz 
2072 158-001 4-00 3 10 kHz 
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Electrical Parts List—Type 230 

SYNCHRONIZER CARD Series F 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

*670-0236-00 Complete Card 

Capacitors 

Tolerance -+20% unless otherwise indicated. 

C1701 290-0284-00 X3 5 47 pF Elect. 35V 10% 
C1701 290-0395-00 6 47 uF Elect. 50V 
C1710 283-0079-00 X3 0.01 pF Cer 250 V 
C1714 283-0110-00 0.005 pF Cer 150 V 
C1718 283-0110-00 0.005 pF Cer 150 V 
C1719 281 -0523-00 1 2 100 pF Cer 350 V 

C1719 283-0060-00 3 100 pF Cer 200 V 5% 
C1723 283-0110-00 0.005 pF Cer 150 V 
C1726 281 -0536-00 1 2 1000 pF Cer 500 V 10% 
C1726 283-0001-00 3 0.005 uF Cer 500 V 
C1727 283-0111-00 1 2 0.1 pF Cer 50V 

C1727 283-0081 -00 3 0.1 pF Cer 25V +80%--20% 
C173] 283-0110-00 0.005 pF Cer 150 V 
C1757 283-0003-00 1 2 0.01 »F Cer 150 V 
C1757 283-0079-00 3 0.01 F Cer 250 V 
C1758 281-0523-00 1 100 pF Cer 350 V 

C1758 281 -0525-00 2 470 pF Cer 500 V 
C1758 283-0032-00 3 470 pF Cer 500 V 5% 
C1761 283-0059-00 X3 1 pF Cer 25V 
C1771 283-0079-00 X3 0.1 uF Cer 250 V 
C1784 281-0536-00 1 2 1000 pF Cer 500 V 10% 

C1784 283-0067-00 3 0.001 yF Cer 200 V 10% 
C1787 285-0576-00 1 pF PTM 100 V 10% 
C1790 283-0059-00 X3 1 pF Cer 25V 
C1801 283-01 10-00 0.005 uF Cer 150 V 
C1811 281-0536-00 1 2 1000 pF Cer 500 V 10% 

C1811 283-0067-00 3 0.001 uF Cer 200 V 10% 
C1815 283-0067-00 X3 0.001 uF Cer 200 V 10% 
C1825 283-0067-00 X3 0.001 uF Cer 200 V 10% 
C1833 283-0110-00 1 2x 0.005 uF Cer 150 V 
C1835 283-0003-00 1 2x 0.01 F Cer 150 V 
C1843 283-0110-00 X3 0.005 uF Cer 150 V 

Diodes 

D1702 *152-0322-00 X3 Silicon Tek Spec 
D1703 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D1713 *152-0185-00 Silicon Replaceable by 1N4152 
D1718 *152-0185-00 1 2 Silicon Replaceable by 1N4152 
D1718 *152-0322-00 3 Silicon Tek Spec 

D173! *152-0185-00 Silicon Replaceable by 1N4152 
D1732 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D1734 *152-0185-00 Silicon Replaceable by 1N4152 
D1737 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D1738 *152-0185-00 x3 Silicon Replaceable by 1N4152 
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Electrical Parts List—Type 230 

SYNCHRONIZER CARD Series F (cont) 

Diodes (cont) 

Tektronix Seria!/Model No. 
Ckt. No. Part No. Eff Disc Description _ 

D1739 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D1770 *]152-0322-00 X3 Silicon Tek Spec 
D1774 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D1777 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D1778 *152-0185-00 X3 Silicon Replaceable by 1N4152 

D1779 *152-0185-00 X3 Silicon Replaceable by 1N4152 
D178] *152-0185-00 Silicon Replaceable by 1N4152 
D1784 *152-0185-00 Silicon Replaceable by 1N4152 
D1785 *152-0185-00 Silicon Replaceable by 1N4152 
D1788 *] 52-0185-00 Silicon Replaceable by 1N4152 
D1794 *152-0185-00 X3 Silicon Replaceable by 1N4152 

Integrated Circuits 

M1714 156-001 1-00 X3 Dual 2-Input NAND/ Replaceable by Fairchild L914 
NOR Gate 

M1716 156-0011-00 X3 Dua! 2-Input NAND/ Replaceable by Fairchild 1914 
NOR Gate 

M1718 156-001 1-00 Dual 2-Input NAND/ Replaceable by Fairchild »L914 
NOR Gate 

M1720 156-001 2-00 Clocked J-K Flipflop Replaceable by Fairchild pL923 
M1722 156-0011-00 Dual 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 
M1724 156-001 1-00 Dua! 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 
M1728 156-001 1-00 Dual 2-Input NAND/ Replaceable by Fairchild u1914 

NOR Gate 
M1736 156-001 1-00 X3 Dual 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 
M1740 156-001 2-00 Clocked J-K Flipflop Replaceable by Fairchild »L923 
M1742 156-001 2-00 Clocked J-K Flipflop Replaceable by Fairchild »L923 

M1744 156-001 2-00 Clocked J-K Flipflop Replaceable by Fairchild pL923 
M1746 156-001 1-00 Dual 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 
M1748 156-0011-00 Dual 2-Input NAND/ Replaceable by Fairchild »1914 

NOR Gate 
M1756 156-0011-00 Dual 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 
M1758 156-0011-00 Dual 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 

M1760 156-001 1-00 Dual 2-Input NAND/ Replaceable by Fairchild L914 
NOR Gate 

M1762 156-001 1-00 Dua! 2-Input NAND/ Replaceable by Fairchild 1914 
NOR Gate 

M1764 156-001 2-00 X3 Clocked J-K Flipflop Replaceable by Fairchild L923 
M1768 156-0010-00 Buffer-Inverter Replaceable by Fairchild L900 
M1770 156-001 1-00 Dual 2-Input NAND/ Replaceable by Fairchild »L914 

NOR Gate 
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SYNCHRONIZER CARD Series F (cont) 

integrated Circuits (cont) 

Electrical Parts List——Type 230 

@2 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

M1790 156-0012-00 x3 Clocked J-K Flipflop Replaceable by Fairchild L923 
M1794 156-0011-00 x3 Dual 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 
M1804 156-001 1-00 Dual 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 
M1810 156-001 1-00 Dual 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 
M1812 156-001 1-00 Dual 2-Input NAND/ Replaceable by Fairchild L914 

NOR Gate 

M1832 156-(01 1-00 1 2X Dual 2-Input NAND/ Replaceable by Fairchild »L914 
NOR Gate 

M1836 156-001 1-00 T 2X Dual 2-Input NAND/ Replaceable by Fairchild L914 
NOR Gate 

Transistors 

QI718 151-0188-00 X3 4 Silicon 2N3906 
QI718 151-0220-00 5 Silicon 2N4122 
Q1I729 151-0190-00 1 4 Silicon 2N3904 
Q1729 *151-0190-01 5 Silicon Tek Spec 
Q1732 151-0188-00 X3 4 Silicon 2N3906 

Q1732 151-0220-00 5 Silicon 2N4122 
Q1737 151-0190-00 1 4 Silicon 2N3904 
Q1737 *151-0190-01 5 Silicon Tek Spec 
QI738 151-0188-00 X3 4 Silicon 2N3906 
QI738 151-0220-00 5 Silicon 2N4122 

QI739 151-0190-00  X3 4 Silicon 2N3904 
Q1739 *751-0190-01 5 Silicon Tek Spec 
QI74l1 151-0190-00 1 4 Silicon 2N3904 
QI741 *151-0190-01 5 Silicon Tek Spec 
QI752 151-0188-00 1 4 Silicon 2N3906 

QI752 151-0220-00 5 Silicon 2N4122 
Q1766 151-0188-00 T 4 Silicon 2N3906 
QI1766 151-0220-00 5 Silicon 2N4122 
QI771 151-0190-00 1 4 Silicon 2N3904 
Q1771 *151-0190-01 5 Silicon Tek Spec 

Q1774 151-0188-00 1 4 Silicon 2N3906 
QI774 151-0220-00 5 Silicon 2N4122 
QI777 151-0190-00 1 4 Silicon 2N3904 
QI777 *151-0190-01 5 Silicon Tek Spec 
Q1778 151-0188-U0 X3 4 Silicon 2N3906 

Q1778 151-0220-00 5 Silicon 2N4122 
Q1779 151-0190-00 x3 4 Silicon 2N3904 
QI779 *151-0190-01 5 Silicon Tek Spec 
Q1785 151-0190-00 1 4 Silicon 2N3904 
QI1785 *151-0190-01 5 Silicon Tek Spec 
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Electrical Parts List—Type 230 

SYNCHRONIZER CARD Series F (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

Q1787 151-1005-00 1 6 Silicon FET 
Q1787 151-1004-00 7 Silicon FET 

Q1794 151-0188-00 1 4 Silicon 2N3906 
Q1794 151-0220-00 5 Silicon 2N4122 

QI795 151-0190-00 1 4 Silicon 2N3904 

Q1795 *151-0190-01 5 Silicon Tek Spec 
Q1806 151-0188-00 1 4 Silicon 2N3906 
Q1806 151-0220-00 5 Silicon 2N4122 

Q1815 151-0190-00 1 4 Silicon 2N3904 

Q1815 *151-0190-01 5 Silicon Tek Spec 

Q1817 151-0190-00 1 4 Silicon 2N3904 

Q1817 *151-0190-01 5 Silicon Tek Spec 
Q1825 151-0190-00 ] 4 Silicon 2N3904 

Q1825 *151-0190-01 5 Silicon Tek Spec 
Q1827 151-0190-00 1 4 Silicon 2N3904 

Q1827 *151-0190-01 5 Silicon Tek Spec 
Q1836 151-0188-00 1 2x Silicon 2N3906 
Q1844 151-0188-00 1 2X Silicon 2N3906 

Resistors 

Resistors are fixed, composition, =:10% unless otherwise indicated. 

R1701 315-0123-00 X3 12 ka VW 
R1702 315-0472-00 X3 47 kQ VY, W 
R1710 315-0562-00 X3 5.6 kQ YW 
R1711 315-0202-00 X3 2kQ VY, W 
R1712 315-0751-00 X3 7502 VY, W 

R1713 315-0123-00 12 ko YW 
R1714 315-0104-00 1 2 100 ka YW 
R1714 315-0243-00 3 24 kQ VW 
R1715 315-0272-00 1 2 2.7 kQ Vi, W 
R1715 315-0392-00 3 3.9 kQ YW 

R1718 315-0103-00 10 ka Vy, W 
RI719 315-0102-00 1kQ Vy, W 
R1720 315-0622-00 ] 7 6.2kQ Vy, W 
R1720 315-0472-00 8 47 kQ VW 
R1722 315-0102-00 X8 1 ka VY, W 

R1723 315-0392-00 3.9 kQ YW 
R1724 315-0562-00 1 2X 5.6 kQ VW 
R1726 315-0102-00 1 2 1kQ YW 
R1726 315-0562-00 3 5.6 kQ YW 
R1727 315-0332-00 3.3 kN VY, W 
R1728 315-0102-00 1kQ VY, W 

R1729 315-0302-00 , 3koQ VY, W 
R173] 315-0104-00 1 2 100 ka YW 
R1731 315-0123-00 3 12 ka VW 
R1732 315-0392-00 1 2 3.9 kd VW 
R1732 315-0201 -00 3 200 2 VW 
R1733 315-0243-00 X3 24 ko Vy, W 
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SYNCHRONIZER CARD Series F (cont) 

Resistors (cont) 

Electrical Parts List—Type 230 

Tektronix Serial/Model No. 

Ckt. No Part No. Eff Disc Description 

R1734 315-0302-00 3 ka YW 5% 
R1735 315-0222-00 2.2 ka yy, W 5% 
R1736 315-0392-00 3.9 ko yy, W 5% 
R1737 315-0751-00 7500 UV, W 5% 
R1738 315-0361-00 360 0 YW 5% 

R1739 315-0102-00 i ka Uw 5% 
R1741 315-0391-00 390 2 UW 5% 
R1742 315-0102-00 1kaQ yw 5% 
R1749 315-0102-00 1kaQ UW 5% 
R175] 315-0392-00 3.9 ka UV, W 5%, 

R1752 315-0102-00 1kQ YW 5% 
R1754 315-0101-00 100 2 uw 5% 
R1755 315-0622-00 6.2 kQ WwW 5% 
R1757 315-0102-00 1kaQ VU, W 5% 
R1758 315-0102-00 1ka VY, W 5% 

R1761 315-0102-00 X3 1kaQ UW 5% 
R1762 315-0471 -00 X3 4709 VU, W 5% 
R1763 315-0202-00 X3 2kaQ UW 5% 
R1764 315-0222-00 2.2 ka UW 5% 
R1765 315-0202-00 X3 2 kQ UV, W 5% 

R1766 315-0392-00 3.9 kO VU, W 5% 
R1767 315-0102-00 1kaQ UW 5% 
R1768 315-0272-00 2.7 ko Uw 5% 
R1769 315-0272-00 2.7 kO Uw 5% 
R177] 315-0471 -00 1 2 4709 uw 5% 

R1771 315-0272-00 3 2.7 ka VW 5% 
R1772 315-0101-00 100.2 yw 5% 
R1773 315-0821 -00 8200 Uw 5% 
R1774 315-0272-00 1 2 2.7 ka VY, W 5% 
R1774 315-0471-00 3 4709 Vi, W 5% 

R1775 315-0123-00 12kaQ yw 5% 
R1776 315-0222-00 2.2 ko Uw 5% 
R1778 315-0513-00 51 ka uy, W 5% 
R1779 315-0244-00 240 ka uw 5% 
R1780 311-0496-00 2.5kQ, Var 

R178] 315-0101 -00 1002 YW 5% 
R1783 315-0303-00 30 kQ VU, W 5% 
R1784 315-0303-00 30 kO WwW 5% 
R1787 315-0303-00 30 kQ UW 5% 
R1788 315-0222-00 2.2 kO UW 5% 

R1789 315-0683-00 68 kQ yw 5% 
R1790 315-0222-00 X3 2.2 kQ yy, W 5% 
R179] 315-0622-00 6.2 ka VW 5% 
R1792 315-0272-00 2.7 ka YW 5% 
R1793 315-0472-00 4,7 ko VW 5% 
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Electrical Parts List—Type 230 

SYNCHRONIZER CARD Series F (cont) 

Resistors (conf) 

Tektronix Serial/Model No. Description 
Ckt. No. Part No. Eff Disc 

R1794 315-0471-00 4700 YW 5% 
R1795 315-0272-00 2.7 kQ Y, W 5% 
R1796 315-0102-00 1 ka VY, W 5% 
R1802 315-0102-00 1kQ YW 5% 
R1805 315-0102-00 1kQ yw 5% 

R1806 315-0102-00 1 ka VU, W 5% 
Ri 808 315-0222-00 2.2 kQ VW 5% 
R1810 315-0392-00 3.9 ka YW 5% 
R1811 315-0102-00 1koa Y, W 5% 
R1813 315-0681-00 680 0 YW 5% 

R1814 315-0471-00 4700 VW 5% 
R1815 315-0123-00 12 ka Vv, W 5% 
R1817 315-0473-00 47 kQ yy, W 5% 
R1818 315-0243-00 24 kO Y, W 5% 
R1819 315-0333-00 33 kQ YW 5% 

R1824 315-0471 -00 4700 Vv, W 5% 
R1825 315-0123-00 12kaQ yy, W 5% 
R1827 315-0473-00 47 ka YW 5% 
R1828 315-0243-00 24 kQ Yu, W 5% 
R1829 315-0333-00 33 ka VU, W 5% 

R1831 315-0272-00 1 2X 2.7 kQ YW 5% 
R1832 315-0682-00 7 2x 6.8 ka Y, W 5% 
R1833 315-0102-00 7 2x 1koa Vv, W 5% 
R1835 315-01 23-00 7 2X 12 ka VY, W 5% 
R1836 315-0472-00 1 2X 4.7 ka uv, W 5% 

R1837 315-0394-00 1 2x 390 ka VY, W 5% 
R1839 315-0823-00 1 2x 82 ko yy, W 5% 
R1841 315-0272-00 7 2 2.7 ka Vy, W 5% 
R184] 315-0202-00 3 2kQ VU, W 5% 
R1842 315-0751-00 1 2 750 0 Vv, W 5% 

R1842 315-0122-00 3 1.2 ko UV, W 5% 
R1843 315-0392-00 7 2 3.9 ka Vv, W 5% 
R1843 315-0242-00 3 2.4kQ VY, W 5% 
R1845 315-0394-00 1 2x 390 ka YW 5% 
R1846 315-0823-00 7 2x 82 ka Vy, W 5% 

CRT INTENS/REGULATOR CARD Series G 

*670-0237-00 Complete Card 

Capacitors 

Tolerance =+:20% unless otherwise indicated. 

C224 290-0245-00 1.5 pF Elect. 10V 10% 
C229 290-0177-00 1 pF Elect. 50V 
C244 283-0003-00 0.01 pF Cer 150 V 
C256 283-0003-00 0.01 pF Cer 150 V 
C287 283-0003-00 0.01 pF Cer 150 V 
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Electrical Parts List—Type 230 

CRT INTENS/REGULATOR CARD Series G (cont) 

Capacitors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

C322 283-0111-00 0.1 pF Cer 50V 
C323 283-0111-00 0.1 pF Cer 50V 
C344 283-0003-00 0.01 pF Cer 150 V 
C373 283-0003-00 0.01 pF Cer 150 V 

Diodes 

D23 *152-0185-00 Silicon Replaceable by 1N4152 
D25 *152-0185-00 Silicon Replaceable by 1N4152 
D33 *]52-0185-00 Silicon Replaceable by 1N4152 
D35 *152-0185-00 Silicon Replaceable by 1N4152 
D43 *152-0185-00 Silicon Replaceable by 1N4152 

D45 *152-0185-00 Silicon Replaceable by 1N4152 
D53 *152-0185-00 Silicon Replaceable by 1N4152 
D55 *152-0185-00 Silicon Replaceable by 1N4152 
Dé1 *152-0185-00 Silicon Replaceable by 1N4152 
D62 *152-0185-00 Silicon Replaceable by 1N4152 

Dé65 *152-0185-00 Silicon Replaceable by 1N4152 
Déé6 *152-0185-00 Silicon Replaceable by 1N4152 
Dé67 *152-0185-00 Silicon Replaceable by 1N4152 
D71 *152-0185-00 Silicon Replaceable by 1N4152 
D72 *152-0185-00 Silicon Replaceable by 1N4152 

D75 *152-0185-00 Silicon Replaceable by 1N4152 
D76 *152-0185-00 Silicon Replaceable by 1N4152 
D77 *152-0185-00 Silicon Replaceable by 1N4152 
D107 *152-0185-00 X2 Silicon Replaceable by 1N4152 
D111 *152-0185-00 Silicon Replaceable by 1N4152 

D113 *152-0185-00 X2 Silicon Replaceable by 1N4152 
D116 *152-0185-00 Silicon Replaceable by 1N4152 
D124 *152-0185-00 Silicon Replaceable by 1N4152 
D224 *152-0185-00 Silicon Replaceable by 1N4152 
D225 152-0212-00 Zener 1N936 9V, 5%, TC 

D235 *152-0061 -00 Silicon Tek Spec 
D310 *]52-0185-00 Silicon Replaceable by 1N4152 
D311 *152-0185-00 Silicon Replaceable by 1N4152 
D333 *152-0185-00 Silicon Replaceable by 1N4152 
D338 *]52-0185-00 Silicon Replaceable by 1N4152 

D342 152-0066-00 Silicon 1N3194 
D366 *]52-0185-00 Silicon Replaceable by 1N4152 

Transistors 

Qll 151-0190-00 X2 Silicon 2N3904 
Qll *151-0190-01 3 Silicon Tek Spec 
Ql12 151-0188-00 1X Silicon 2N3906 
Q13 151-0190-00 1 2 Silicon 2N3904 
Q13 *151-0190-01 3 Silicon’ Tek Spec 
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Electrical Parts List—Type 230 

CRT INTENS/REGULATOR CARD Series G (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

Q2)1 151-0190-00 1 2 Silicon 2N3904 
Q21 *751-0190-01 3 Silicon Tek Spec 
Q26 151-0188-00 1 2 Silicon 2N3906 
Q26 151-0220-00 3 Silicon 2N4122 
Q3] 151-0190-00 1 2 Silicon 2N3904 

Q3] *151-0190-01 3 Silicon Tek Spec 
Q36 151-0188-00 1 2 Silicon 2N3906 
Q36 151-0220-00 3 Silicon 2N4122 
Q41 151-0190-00 1 2 Silicon 2N3904 
Q4l *151-0190-01 3 Silicon Tek Spec 

Q46 151-0188-00 1 2 Silicon 2N3906 
Q46 151-0220-00 3 Silicon 2N4122 
Q51 151-0190-00 1 2 Silicon 2N3904 
Q5] *151-0190-01 3 Silicon Tek Spec 
Q56 151-0188-00 1 2 Silicon 2N3906 

Q56 151-0220-00 3 Silicon 2N4122 
Qél 151-0190-00 1 2 Silicon 2N3904 
Qél *151-0190-01 3 Silicon Tek Spec 
Q8 151-0190-00 1 2 Silicon 2N3904 
Q63 *151-0190-01 3 Silicon Tek Spec 

Q66 151-0188-00 1 2 Silicon 2N3906 
Q66 151-0220-00 3 Silicon 2N4122 
Q7| 151-0190-00 1 2 Silicon 2N3904 
Q71 *151-0190-01 3 Silicon Tek Spec 
Q73 151-0190-00 1 2 Silicon 2N3904 

Q73 *151-0190-01 3 Silicon Tek Spec 
Q76 151-0188-00 T 2 Silicon 2N3906 
Q76 151-0220-00 3 Silicon 2N4122 
Q103 151-0190-00 1 2 Silicon 2N3904 
Q103 *151-0190-01 3 Silicon Tek Spec 

Q107 151-0190-00 1 2 Silicon 2N3904 
Q107 *151-0190-01 3 Silicon Tek Spec 
Ql 151-0188-00 X2 Silicon 2N3906 
Qlll 151-0220-00 3 Silicon 2N4122 
Q113 151-0190-00 1 2 Silicon 2N3904 

Q113 *151-0190-01 3 Silicon Tek Spec 
QI23 151-0190-00 1 2 Silicon 2N3904 
Q123 *751-0190-01 3 Silicon Tek Spec 
Q133 151-0190-00 1 2 Silicon 2N3904 
Q133 *151-0190-01 3 Silicon Tek Spec 

Q143 151-0190-00 1 2 Silicon 2N3904 
Q143 *]151-0190-01 3 Silicon Tek Spec 
Q147 151-0190-00 T 2 Silicon 2N3904 
Q147 *15]-0190-01 3 Silicon Tek Spec 
Q222 151-0188-00 T 2 Silicon 2N3906 
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Electrical Parts List—Type 230 

CRT INTENS/REGULATOR CARD Seires G (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

Q222 151-0220-00 3 Silicon 2N4122 
Q224 151-0188-00 1 2 Silicon 2N3906 
Q224 151-0220-00 3 Silicon 2N4122 
Q234 151-0188-00 1 2 Silicon 2N3906 
Q234 151-0220-00 3 Silicon 2N4122 

Q244 151-0208-00 Silicon 2N4035 
Q253 *151-0136-00 Silicon Replaceable by 2N3053 
Q261 151-0190-00 1 2 Silicon 2N3904 
Q261 *151-0190-01 3 Silicon Tek Spec 
Q263 151-0190-00 1 2 Silicon 2N3904 

Q263 *151-0190-01 3 Silicon Tek Spec 
Q273 151-0190-00 1 2 Silicon 2N3904 
Q273 *151-0190-01 3 Silicon Tek Spec 
Q283 *151-0136-00 Silicon Replaceable by 2N3053 
Q291 151-0190-00 1 2 Silicon 2N3904 

Q29] *151-0190-01 3 Silicon Tek Spec 
Q293 151-0190-00 1 2 Silicon 2N3904 
Q293 *151-0190-01 3 Silicon Tek Spec 
Q303 151-0190-00 1 2 Silicon 2N3904 
Q303 *151-0190-01 3 Silicon Tek Spec 

Q311 151-0190-00 1 2 Silicon 2N3904 
Q31] *151-0190-01 3 Silicon Tek Spec 
Q313 151-0190-00 1 2 Silicon 2N3904 
Q313 *151-0190-01 3 Silicon Tek Spec 
Q323 151-0190-00 1 2 Silicon 2N3904 

Q323 *151-0190-01 3 Silicon Tek Spec 
Q332 151-0188-00 1 2 Silicon 2N3906 
Q332 15] -0220-00 3 Silicon 2N4122 
Q334 151-0188-00 1 2 Sif'con 2N3906 
Q334 151-0220-00 3 Silicon 2N4122 

Q342 151-0188-00 1 2 Silicon 2N3906 
Q342 151-0220-00 3 Silicon 2N4122 
Q344 151-0208-00 Silicon 2N4036 
Q361 151-0190-00 1 2 Silicon 2N3904 
Q361 *151-0190-01 3 Silicon Tek Spec 

Q363 151-0190-00 1 2 Silicon 2N3904 
Q363 *151-0190-01 3 Silicon Tek Spec 
Q374 151-0188-00 1 2 Silicon 2N3906 
Q374 151-0220-00 3 Silicon 2N4122 
Q383 151-0190-00 1 2 Silicon 2N3904 
Q383 *151-0190-01 3 Silicon Tek Spec 
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Electrical Parts Lisi—Type 230 

CRT INTENS/REGULATOR CARD Series G (cont) 

Resistors 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

Resistors are fixed, composition, 10% unless otherwise indicated. 

R11 315-0272-00 2.7 ko YW 5%, 
R12 315-0202-00 1 2ko YW 5%, 
R12 315-0102-00 2 1 ko YW 5%, 
R13 315-0272-00 2.7 ko YW 5%, 
R14 315-0103-00  X2 10 ko YW 5%, 

R15 315-0243-00 24k YW - 5%, 
R16 315-0472-00 47 kQ YW 5%, 
R18 315-0243-00 24 kQ YW 5%, 
R19 315-0472-00 A7 kQ y,W 5% 
R21 315-0104-00 100 ka YW 5%, 

R22 315-0472-00 A7 kQ YW 5%, 
R29 315-0243-00 24 ko YW 5%, 
R31 315-0104-00 100 ka YW 5%, 
R32 315-0472-00 A7kQ y,W 5%, 
R41 315-0104-00 100 ka YW 5%, 

R42 315-0472-00 47 kQ YW 5% 
R51 315-0104-00 100 ka YW 5%, 
R52 315-0472-00 47 ko YW 52, 
R58 315-0243-00 24 kQ YW 5%, 
R59 315-0472-00 A7 kQ y, W 5% 

R61 315-0183-00 18 ko Y, W 5%, 
R63 315-0104-00 100 ka YW 5%, 
R64 315-0472-00 47 kQ YW 5%, 
R71 315-0183-00 18 ka Y, W 5%, 
R74 315-0472-00 47 kO y,W 5%, 

R79 315-0271-00 2709 y, W 5%, 
R101 315-0682-00 6.8 kQ YW 5%, 
R102 315-0103-00 10 ka YW 5%, 
R103 315-0823-00 82 ka YW 5%, 
R105 315-0392-00 3.9 kQ YW 5%, 

R106 315-0512-00  X2 5.1 kQ Y, W 5% 
R107 315-0103-00 10 ka Y, W 5% 
R108 315-0474-00 470 kQ YW 5%, 
R109 315-0474-00 470 ka YW 5%, 
R111 315-0682-00 1 6.8 kO y, W 5% 

R11 315-0303-00 2 30 ka YW 5%, 
R112 315-0113-00 1 11 ko YW 5%, 
R112 315-0470-00 2 470 YW 5%, 
R113 315-0513-00 1 51 ko Y, W 5%, 
R113 315-0124-00 2 3 120 ka Vy, W 5%, 
R113 315-0114.00 4 110 ka Y, W 5%, 

R114 315-0333-00 33 ko YW 5%, 
R115 315-0392-00 3.9 kQ Y, W 5%, 
R116 315-0243-00 24 kQ YW 5%, 
R118 315-0833-00 33 ka %,W 5%, 
R119 315-0333-00 33 ka YW 5%, 
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CRT INTENS/REGULATOR CARD Series G (conf) 

Resistors (con?) 

Electrical Parts List—Type 230 

Tektronix Serial/Model No. 
Ckt. No, Part No. Eff Disc Description 

R121 315-0124-00 1 3 120 ka Y, W 5% 
R12] 315-0114-00 4 110 ka YU, W 5% 
R123 315-0392-00 3.9 ka Y, W 5% 
R124 315-0243-00 24 kQ Y, W 5%, 
R131 315-0333-00 33 ka Yy, W 5% 
R132 315-0124-00 1 3 120 ka YW 5% 

R132 315-0114-00 4 110 ka VY, W 5% 
R133 315-0333-00 33 kO YW 5% 
R135 315-0243-00 24 kQ yy, W 5% 
R141 315-0682-00 6.8 kO uy, W 5% 
R142 315-0103-00 10 kQ YW 5% 
R143 315-0823-00 o2 kQ Y, W 5% 

R146 315-0333-00 33 kQ YW 5% 
R147 315-0124-00 1 3 120 ka y, W 5% 
R147 315-0114-00 4 110 ka Vy, W 5% 
R148 315-0333-00 33 kQ Vy, W 5% 
R149 315-0243-00 24 kQ Y, W 5% 
R224 301-0512-00 5.1 kQ y, W 5% 

R225 301 -0275-00 2.7 MO y, W 5% 
R226 315-0470-00 479 YW 5% 
R227 315-0222-00 2.2 ka Y, W 5% 
R228 323-031 5-00 18.7 kQ Y, W Prec 1% 
R229 315-0470-00 479 UW 5% 

R230 311-0462-00 1kQ, Var 
R231 323-0330-00 26.7 ka Yo W Prec 1% 
R232 321-0264-00 5.49 kO VY, W Prec 1% 
R233 315-0273-00 27 kQ Y, W 5% 
R234 315-0273-00 27 ka YW 5% 

R235 323-0339-00 33.2 kQ y, W Prec 1% 
R236 315-0101-00 100 0 Y, W 5% 
R237 315-0301 -00 300 0 Y, W 5% 
R238 315-0513-00 51 kQ YW 5% 
R244 315-0511-00 5109 YW 5% 

R255 315-0101-00 100 9 Yy, W 5% 
R256 315-0101-00 100 0 YW 5% 
R257 315-0103-00 10 kQ Y, W 5% 
R260 311-0480-00 500 0, Var 
R261 323-0315-00 18.7 kQ VY, W Prec 1% 

R262 321-0266-00 576kO Ye W Prec 1% 
R263 315-0470-00 470 Y, W 5% 
R265 322-0222-00 2kQ Y, W Prec 1% 
R267 301-091 2-00 9.1 kQ Y, W 5% 
R268 315-0470-00 479 Yy, W 5% 

R273 315-0151-00 150 0 Y, W 5% 
R286 315-0101-00 100 0 Vy, W 5% 
R287 315-0511-00 5109 Y, W 5% 
R290 311-0480-00 500 2, Var 
R291 323-0323-00 22.6 kQ Y, W Prec 1% 
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Electrical Parts List—Type 230 

CRT INTENS/REGULATOR CARD Series G (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

R292 321-0215-00 1.69 kQ Y, W Prec 1% 
R293 315-0470-00 479 Vy, W 5% 
R296 315-0821 -00 820 2 VY, W 5% 
R297 315-0222-00 2.2 ka YW 5% 
R298 315-0470-00 470 Y, W 5% 

R310 311-0480-00 500 0, Var 

R312 323-0327-00 24.9 kO VY. W Prec 1% 
R313 315-0470-00 479 VW 5% 
R315 315-0470-00 479, Vy, W 5% 
R316 301-0751 -00 750 O Y, W 5%, 

R317 315-0132-00 1.3 kQ Vy, W 5% 
R318 315-01 22-00 1.2 ka VY, W 5% 
R322 315-0101-00 100 0 Yy, W 5% 
R330 311-0462-00 1 kQ, Var 
R331 323-0356-00 49.9 ka Y. W Prec 1% 

R332 321 -0239-00 3.01 ka Ve W Prec 1% 
R333 315-0470-00 470 Vy, W 5% 
R335 315-0470-00 479 Vv, W 5% 
R336 321-0239-00 3.01 ka VY, W Prec 1% 
R337 322-0289-00 10 ka VY, W Prec 1% 

R338 322-0289-00 10 ka YW, W Prec 1% 
R341 315-0101-00 100.9 vy, W 5% 
R344 315-051 1-00 5100 Vy, W 5% 
R345 315-0750-00 750 Vy, W 5% 
R360 311-0462-00 1kQ, Var 

R361 323-0356-00 49.9 ka. y, W Prec 1% 
R362 323-0356-00 49.9 kO VY. W Prec 1% 
R363 315-0101 -00 100.0 Vy, W 5% 
R365 315-0101 -00 100.9 Y, W 5% 
R366 323-0310-00 16.5 ka y, W Prec 1% 

R367 321-0345-00 38.3 kQ VY, W Prec 1% 
R371 315-0101 -00 100.0 Vv, W 5% 
R373 315-0511-00 5109 Vv, W 5% 
R374 315-0681 -00 680 2 Y, W 5% 
R383 315-051 3-00 51 ka Vy, W 5% 
R384 315-0301 -00 300 0 VY, W 5% 

LIMIT CARD Series H 

*670-0238-00 Complete Card 

Diodes 

D2753 *152-0185-00 Silicon Replaceable by 1N4152 
D2778 *152-0185-00 Silicon Replaceable by 1N4152 
D2814 *152-0185-00 Silicon Replaceable by 1N4152 
D2825 *152-0185-00 Silicon Replaceable by 1N4152 
D2836 *152-0185-00 Silicon Replaceable by 1N4152 
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LIMIT CARD Series H (cont) 

Diodes (con!) 

Electrical Parts List—Type 230 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

D2845 *152-0185-00 Silicon Replaceable by 1N4152 
D2856 *152-0185-00 Silicon Replaceable by 1N4152 
D2865 *152-0185-00 Silicon Replaceable by 1N4152 
D2876 *152-0185-00 Silicon Replaceable by 1N4152 
D2885 *]52-0185-00 Silicon Replaceable by 1N4152 

D2896 *152-0185-00 Silicon Replaceable by 1N4152 
D2905 *152-0185-00 Silicon Replaceable by 1N4152 
D2916 *152-0185-00 Silicon Replaceable by 1N4152 
D2925 *152-0185-00 Silicon Replaceable by 1N4152 
D2936 *152-0185-00 Silicon Replaceable by 1N4152 

D2945 *152-0185-00 Silicon Replaceable by 1N4152 
D2953 *152-0185-00 Silicon Replaceable by 1N4152 
D2973 *152-0185-00 Silicon Replaceable by 1N4152 
D2976 *]52-0185-00 Silicon Replaceable by 1N4152 
D2978 *]52-0185-00 Silicon Replaceable by 1N4152 

Transistors 

Q2613 151-0190-00 7 2 Silicon 2N3904 
Q2613 *151-0190-01 3 Silicon Tek Spec 
Q2620 151-0188-00 7 2 Silicon 2N3906 
Q2620 151-0220-00 3 Silicon 2N4122 
Q2624 151-0188-00 1 2 Silicon 2N3906 

Q2624 151-0220-00 3 Silicon 2N4122 
Q2631 151-0190-00 1 2 Silicon 2N3904 
Q2631 *151-0190-01 3 Silicon Tek Spec 
Q2633 151-0190-00 1 2 Silicon 2N3904 
Q2633 *151-0190-01 3 Silicon Tek Spec 

Q2640 151-0188-00 1 2 Silicon 2N3906 
Q2640 151-0220-00 3 Silicon 2N4122 
Q2644 151-0188-00 1 2 Silicon 2N3906 
Q2644 151-0220-00 3 Silicon 2N4122 
Q2651 151-0190-00 7 2 Silicon 2N3904 

Q2651 *751-0190-01 3 Silicon Tek Spec 
Q2653 151-0190-00 7 2 Silicon 2N3904 
Q2653 *7151-0190-01 3 Silicon Tek Spec 
Q2660 151-0188-00 1 2 Silicon 2N3906 
Q2660 151-0220-00 3 Silicon 2N4122 

Q2664 151-0188-00 1 2 Silicon 2N3906 
Q2664 151-0220-00 3 Silicon 2N4122 
Q2671 151-0190-00 7 2 Silicon 2N3904 ° 
Q2671 *151-0190-01 3 Silicon Tek Spec 
Q2673 151-0190-00 1 2 Silicon 2N3904 

Q2673 *151-0190-01 3 Silicon Tek Spec 
Q2680 151-0188-00 7 2 Silicon 2N3906 
Q2680 151-0220-00 3 Silicon 2N4122 
Q2684 151-0188-00 1 2 Silicon 2N3906 
Q2684 151-0220-00 3 Silicon 2N4122 
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Electrical Parts List—Type 230 

LIMIT CARD Series H (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

Q2691 151-0190-00 1 2 Silicon 2N3904 
Q2691 *151-0190-01 3 Silicon Tek Spec 
Q2693 151-0190-00 1 2 Silicon 2N3904 
Q2693 *151-0190-01 3 Silicon Tek Spec 
Q2700 151-0188-00 1 2 Silicon 2N3906 

Q2700 151-0220-00 3 Silicon 2N4122 
Q2704 151-0188-00 1 2 Silicon 2N3906 
Q2704 151-0220-00 3 Silicon 2N4122 
Q2711 151-0190-00 1 2 Silicon 2N3904 
Q2711 *151-0190-01 3 Silicon Tek Spec 

Q2713 151-0190-00 1 2 Silicon 2N3904 
Q2713 *151-0190-01 3 Silicon Tek Spec 
Q2720 151-0188-00 1 2 Silicon 2N3906 
Q2720 151-0220-00 3 Silicon 2N4122 
Q2724 151-0188-00 T 2 Silicon 2N3906 

Q2724 151-0220-00 3 Silicon 2N4122 
Q273) 151-0190-00 1 2 Silicon 2N3904 
Q273) *151-0190-01 3 Silicon Tek Spec 
Q2733 151-0190-00 1 2 Silicon 2N3904 
Q2733 *151-0190-01 3 Silicon Tek Spec 

Q2740 151-0188-00 1 2 Silicon 2N3906 
Q2740 151-0220-00 3 Silicon 2N4122 
Q2744 151-0188-00 1 2 Silicon 2N3906 
Q2744 151-0220-00 3 Silicon 2N4122 
Q2751 151-0190-00 1 2 Silicon 2N3904 

Q2751 *151-0190-01 3 Silicon Tek Spec 
Q2753 151-0190-00 1 2 Silicon 2N3904 
Q2753 *151-0190-01 3 Silicon Tek Spec 
Q2755 151-0190-00 X2 Silicon 2N3904 
Q2755 *151-0190-01 3 Silicon Tek Spec 

Q2760 151-01 88-00 1 2 Silicon 2N2906 
Q2760 151-0220-00 3 Silicon 2N4122 
Q277) 151-0190-00 1 2 Silicon 2N3904 
Q2771 *151-0190-01 3 Silicon Tek Spec 
Q2775 151-0188-00 X2 Silicon 2N3906 

Q2775 151-0220-00 3 Silicon 2N4122 
Q2813 151-0190-00 1 2 Silicon 2N3904 
Q2813 *151-0190-01 3 Silicon Tek Spec 
Q2817 151-0190-00 1 2 Silicon 2N3904 
Q2817 *151-0190-01 3 Silicon Tek Spec 

Q2820 151-0188-00 1 2 Silicon 2N3906 
Q2820 151-0220-00 3 Silicon 2N4122 
Q2824 151-0188-00 1 2 Silicon 2N3906 
Q2824 151-0220-00 3 Silicon 2N4122 
Q2831 151-0190-00 1 2 Silicon 2N3904 
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Electrical Parts List—Type 230 

LIMIT CARD Series H (cont) 

Transistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

Q2831 *151-0190-01 3 Silicon Tek Spec 
Q2833 151-0190-00 1 2 Silicon 2N3904 
Q2833 *151-0190-01 3 Silicon Tek Spec 
Q2837 151-0190-00 1 2 Silicon 2N3904 

Q2837 *151-0190-01 3 Silicon Tek Spec 
Q2840 151-0188-00 1 2 Silicon 2N3906 
Q2840 151-0220-00 3 Silicon 2N4122 
Q2844 151-0188-00 1 2 Silicon 2N3906 
Q2844 151-0220-00 3 Silicon 2N4122 

Q72851 151-0190-00 1 2 Silicon 2N3904 
Q2851 *151-0190-01 3 Silicon Tek Spec 
Q2853 151-0190-00 1 2 Silicon 2N3904 
Q2853 *151-0190-01 3 Silicon Tek Spec 
Q2857 151-0190-00 1 2 Silicon 2N3904 

Q2857 *151-0190-01 3 Silicon Tek Spec 
Q2860 151-0188-00 1 2 Silicon 2N3906 
Q2860 151-0220-00 3 Silicon 2N4122 
Q2864 151-0188-00 1 2 Silicon 2N3906 
Q2864 151-0220-00 3 Silicon 2N4122 

Q2871 151-0190-00 1 2 Silicon 2N3904 
Q2871 *151-0190-01 3 Silicon Tek Spec 
Q2873 151-0190-00 1 2 Silicon 2N3904 
Q2873 *151-0190-01 3 Silicon Tek Spec 
Q2877 151-0190-00 1 2 Silicon 2N3904 

Q2877 *151-0190-01 3 Silicon Tek Spec 
Q2880 151-0188-00 1 2 Silicon 2N3906 
Q2880 151-0220-00 3 Silicon 2N4122 
Q2884 151-0188-00 1 2 Silicon 2N3906 
Q2884 151-0220-00 3 Silicon 2N4122 

Q2891 151-0190-00 1 2 Silicon 2N3904 
Q2891 *151-0190-01 3 Silicon Tek Spec 
Q2893 151-0190-00 1 2 Silicon 2N3904 
Q2893 *151-0190-01 3 Silicon Tek Spec 
Q2897 151-0190-00 1 2 Silicon 2N3904 

Q2897 *151-0190-01 3 Silicon Tek Spec 
Q2900 151-0188-00 1 2 Silicon 2N3906 
Q2900 151-0220-00 3 Silicon 2N4122 
Q2904 151-0188-00 1 2 Silicon 2N3906 
Q2904 151-0220-00 3 Silicon ; 2N4122 

Q2911 151-0190-00 1 2 Silicon 2N3904 
Q2911 *151-0190-01 3 Silicon Tek Spec 
Q2913 151-0190-00 1 2 Silicon 2N3904 
Q2913 *151-0190-01 3 Silicon Tek Spec 
Q2917 151-0190-00 1 2 Silicon 2N3904 
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Electrical Parts List—Type 230 

LIMIT CARD Series H (cont) 

Transistors (cont) 

Tektronix Seriaf/Model No. 
Ckt. No. Part No. Eff Disc Description 

Q2917 *151-0190-01 3 Silicon Tek Spec 
Q2920 151-0188-00 1 2 Silicon 2N3906 
Q2920 151-0220-00 3 Silicon 2N4122 
Q2924 151-0188-00 1 2 Silicon 2N3906 
Q2924 151-0220-00 3 Silicon 2N4122 

Q2931 151-0190-00 1 2 Silicon 2N3904 
Q2931 *151-0190-01 3 Silicon Tek Spec 
Q2933 151-0190-00 1 2 Silicon 2N3904 
Q2933 *151-0190-01 3 Silicon Tek Spec 
Q2937 151-0190-00 1 2 Silicon 2N3904 

Q2937 *151-0190-01 3 Silicon Tek Spec 
Q2940 151-0188-00 1 2 Silicon 2N3906 
Q2940 151-0220-00 3 Silicon 2N4122 
Q2944 151-0188-00 1 2 Silicon 2N3906 
Q2944 151-0220-00 3 Silicon 2N4122 

Q2951 151-0190-00 1 2 Silicon 2N3904 
Q2951 *151-0190-01 3 Silicon Tek Spec 
Q2960 151-0188-00 1 2 Silicon 2N3906 
Q2960 151-0220-00 3 Silicon 2N4122 
Q2971 151-0190-00 1 2 Silicon 2N3904 

Q2971 *151-0190-01 3 Silicon Tek Spec 
Q2974 151-0188-00 1 2 Silicon 2N3906 
Q2974 151-0220-00 3 Silicon 2N4122 
Q2977 151-0190-00 1 2 Silicon 2N3904 
Q2977 *151-0190-01 3 Silicon Tek Spec 

Resistors 

Resistors are fixed, composition, 10% unless otherwise indicated. 

R2611 315-0182-00 1.8 ka uy W 5% 
R2612 315-0563-00 56 kQ VW 5% 
R2616 315-0753-00 1 75 kQ yw 5% 
R2616 315-0513-00 2 51 kQ VU, W 5% 

R2618 315-0823-00 82 ka UW 5% 

R2619 315-0184-00 1 180 ka UV, W 5% 
R2619 315-0273-00 2 27 ka UW 5% 
R2620 315-0823-00 82 kO vw 5% 
R2622 315-0103-00 10 ko uw 5% 
R2624 315-0102-00 1 ko Vy, W 5% 

R2626 315-0823-00 82 ka UW 5% 
R2628 315-0823-00 82 ka UW 5% 
R2629 315-0244-00 1 240 ka UW 5% 
R2629 315-0273-00 2 27 kQ Vv, W 5% 
R2631 315-0823-00 82 ka WV, W 5% 

R2633 315-0182-00 1.8kQ UW 5% 
R2634 315-0563-00 56 kQ uw 5% 
R2638 315-0753-00 1 75kQ Vy, WwW 5% 
R2638 315-0513-00 2 51 kQ VW 5% 
R2639 315-0224-00 1 220 kQ UW 5%, 
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LIMIT CARD Series H (cont) 

Resistors (con?) 

Electrical Parts List—Type 230 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

R2639 315-0273-00 2 27 kO V, W 5% 
R2640 315-0823-00 82 kQ UW 5% 
R2642 315-0108-00 10 ka VW 5% 
R2644 315-0102-00 1ko VU, W 5% 
R2646 315-0823-00 82 ka Vy W 5% 

R2648 315-0823-00 82 ka VW 5% 
R2649 315-0244-00 1 240 ka, UW 5% 
R2649 315-0273-00 2 27 kQ UW 5% 
R265} 315-0823-00 82 ka 1, W 5% 
R2653 315-0182-00 1.8 ko VW 5% 

R2654 315-0563-00 56 ko Uy W 5% 
R2658 315-0753-00 1 75kQ yw 5% 
R2658 315-0513-00 2 51 ka UW 5% 
R2659 315-0224-00 1 220 kO VW 5% 
R2659 315-0273-00 2 27 ka UW 5% 

R2660 315-0823-00 82 ka VU, W 5% 
R2662 315-0103-00 10 ka Vv, W 5% 
R2664 315-0102-00 Tka VY, W 5% 
R2666 315-0823-00 82 kQ UW 5% 
R2668 315-0823-00 82 ka 1, W 5%, 

R2669 315-0244-00 1 240 ka VY, W 5% 
R2669 315-0273-00 2 27 kQ VW 5% 
R2671 315-0823-00 82 kQ Vv, W 5% 
R2673 315-0182-00 1.8 ko VU, W 5% 
R2674 315-0563-00 56 ka Vv, W 5% 

R2678 315-0753-00 1 75 ko VW 5% 
R2678 315-0513-00 2 51 ka VU, W 5% 
R2679 315-0224-00 1 220 ka UW 5% 
R2679 315-0273-00 2 27 ka VU, W 5% 
R2680 315-0823-00 82 ka Vv, W 5% 

R2682 315-0103-00 10 ka WwW 5% 
R2684 315-0102-00 1kaQ VW 5% 
R2686 315-0823-00 82 ka V4 W 5% 
R2688 315-0823-00 82 ka Vv, W 5% 
R2689 315-0244-00 1 240 ka UV W 5% 

R2689 315-0273-00 2 27 ka Vv, W 5% 
R2691 315-0823-00 82 ka Vv, W 5% 
R2693 315-0182-00 1.8 ka VW 5% 
R2694 315-0563-00 56 ka uw 5% 
R2698 315-0753-00 1 75 kQ VU, W 5% 

R2698 315-0513-00 2 51 ka VU, W 5% 
R2699 315-0224-00 ] 220 kQ V4 W 5% 
R2699 315-0273-00 2 27 ka VW 5%, 
R2700 315-0823-00 82 ka UW 5% 
R2702 315-0103-00 10 ka UW 5%, 
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Electrical Parts List—Type 230 

LIMIT CARD Series H (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

R2704 315-0102-00 1ka YW 5% 
R2706 315-0823-00 82 kQ uw 5% 
R2708 315-0823-00 82 kQ veW 5% 
R2709 315-0244-00 1 240 kQ ye WwW 5% 
R2709 315-0273-00 2 27 ka Vy, W 5%, 

R2711 315-0823-00 82 kQ Vy, W 5% 
R2713 315-0182-00 1.8 ka YW 5% 
R2714 315-0563-00 56 ko yw 5% 
R2718 315-0753-00 1 75kQ YW 5% 
R2718 315-0513-00 2 51 ka Vv W 5% 

R2719 315-0224-00 1 220 kQ Vy, W 5% 
R2719 315-0273-00 2 27 kQ VW 5% 
R2720 315-0823-00 82 kQ UW 5% 
R2722 315-0103-00 10ka UW 5% 
R2724 315-0102-00 1koa Vy W 5%, 

R2726 315-0823-00 82 kQ YW 5% 
R2728 315-0823-00 82 ka YW 5% 
R2729 315-0244-00 1 240 ka YW 5% 
R2729 315-0273-00 2 27 kQ YW 5% 
R273] 315-0823-00 82 kQ Vy W 5% 

R2733 315-0182-00 1.8 kQ YW 5% 
R2734 315-0563-00 56 kQ uyiWw 5% 
R2738 315-0753-00 1 75 kQ YW 5% 
R2738 315-0513-00 2 51k VU W 5% 
R2739 315-0224-00 | 220 kQ YW 5% 

R2739 315-0273-00 2 27 ka UW 5% 
R2740 315-0823-00 82 kQ uw 5% 
R2742 315-0103-00 10 ka YW 5% 
R2744 315-0102-00 1kQ UW 5% 
R2746 315-0823-00 82 kQ YW 5% 

R2748 315-0823-00 82 kQ UW 5% 
R2749 315-0244-00 1 240 ka YW 5%, 
R2749 315-0273-00 2 27 ka yw 5%, 
R2751 315-0823-00 82 ka UW 5% 
R2753 315-0182-00 1.8 ka uw 5% 

R2754 315-0563-00 56 kQ UW 5% 
R2755 321-0326-00 X2 24.3 ka Vg W Prec 1% 
R2757 321-0252-00 X2 4.12 ka Vy W Prec 1% 
R2759 315-0224-00 1 220 kQ VW 5% 
R2759 315-0273-00 2 27 ka YW. 5% 

R2760 315-0823-00 82 kQ UW 5% 
R276] 315-0754-00 1 750 kQ uw 5% 
R2761 315-0823-00 2 82 koQ Uw 5% 
R277) 315-0433-00 43 kQ Vy, W 5% 
R2772 315-0274-00 1 270 kQ UW 5% 
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LIMIT CARD Series H (cont) 

Resistors (cont) 

Electrical Parts List—Type 230 

Tektronix Serial/Model No. 

Ckt. No. Part No. Eff Disc Description 

R2772 315-0753-00 2 75 ko yw 5% 
R2773 321-0252-00 X2 4.12kQ Ya W Prec 1% 
R2775 321-0339-00 X2 33.2 kN ye W Prec 1% 
R2779 315-0103-00 X2 10kQ Vi, W 5% 
R2811 315-0182-00 1.8ka UW 5% 

R2812 315-0563-00 56 kaQ VW 5% 
R2814 315-0243-00 24 ka UW 5% 
R2815 315-0273-00 27 kQ Vy W 5% 
R2816 315-0753-00 1 75 kQ VW 5% 
R2816 315-0513-00 2 51 ka yw 5% 

R2818 315-0823-00 82 ka yw 5% 
R2819 315-0224-00 ] 220 kQ yew 5% 
R2819 315-0273-00 2 27 ka VW 5% 
R2820 315-0823-00 82 ka Vv, W 5% 
R2822 315-0103-00 10 ka UW 5%, 

R2824 315-0102-00 1ka Vy, W 5% 
R2825 315-0393-00 39 kN UW 5%, 
R2826 315-0823-00 82 ka Vw 5% 
R2828 315-0823-00 $2 ka VW 5% 
R2829 315-0244-00 | 240 ka UW 5%, 

R2829 315-0273-00 2 27 ka Vv, W 5% 
R2831 315-0823-00 82 ka yew 5% 
R2833 315-0182-00 1.8 ka VW 5% 
R2834 315-0563-00 56 ka yy, W 5% 
R2836 315-0243-00 24ka VW 5% 

R2837 315-0273-00 27 ka Vi, W 5% 
R2838 315-0753-00 7 75kQ VW 5% 
R2838 315-0513-00 2 51 ka VU, W 5% 
R2839 315-0224-00 7 220 ka VW 5%, 
R2839 315-0273-00 2 27 ka VW 5% 

R2840 315-0823-0C 82 ka Uw 5%, 
R2842 315-0103-00 10 ka VU W 5% 
R2844 315-0102-00 1kQ Vv, W 5%, 
R2845 315-0393-00 39 kN VW 5%, 
R2846 315-0823-00 82 ka YW 5%, 

R2848 315-0823-00 82 ka vu, W 5%, 
R2849 315-0244-00 7 240 ka YW 5% 
R2849 315-0273-00 2 27 ka VY, W 5% 
R2851 315-0823-00 82 ka Vv, W 5% 
R2853 315-0182-00 1.8 ka Uw 5% 

R2854 315-0563-00 56kaQ Ww 5% 
R2856 315-0243-00 24ka YW 5% 
R2857 315-0273-00 27 kQ YW 5%, 
R2858 315-0753-00 ] 75kQ YW 5% 
R2858 315-0513-00 2 51k VW 5%, 
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Electrical Parts List—Type 230 

LIMIT CARD Series H (cont) 

Resistors (cont) 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

R2859 315-0513-00 1 220 kQ U,W 5% 
R2859 315-0273-00 2 27 kQ Vy, W 5% 
R2860 315-0823-00 82 kN YW 5% 
R2862 315-0103-00 10 ka uy, W 5% 
R2864 315-0102-00 1ko UW 5% 

R2865 315-0393-00 39 ka Vy, W 5% 
R2866 315-0823-00 82 kQ VU, W 5% 
R2868 315-0823-00 82 kQ YW 5% 
R2869 315-0244-00 1 240 kn u, W 5% 
R2869 315-0273-00 2 27 kQ Vy, W 5% 

R2871 315-0823-00 82 ka Vv, W 5% 
R2873 315-0182-00 1.8 ka Vy, W 5% 
R2874 315-0563-00 56 ka Vu W 5% 
R2876 315-0243-00 24 ko UW 5% 
R2877 315-0273-00 27 kQ U, W 5% 

R2878 315-0753-00 1 75 kQ YW 5% 
R2878 315-0513-00 2 51 ka Vy, W 5% 
R2879 315-0224-00 1 220 kQ UW 5% 
R2879 315-0273-00 2 27 kO, Vv, W 5% 
R2880 315-0823-00 82 ka VY, W 5% 

R2882 315-0103-00 10 ko YW 5% 
R2884 315-0102-00 1ka Vy, W 5% 
R2885 315-0393-00 39 kO Vi, W 5% 
R2886 315-0823-00 82 ko Vi W 5% 
R2888 315-0823-00 82 ko Va W 5% 

R2889 315-0224-00 1 240 kQ UW 5% 
R2889 315-0273-00 2 27 kQ Va W 5%, 
R2891 315-0823-00 82 ko VU, W 5% 
R2893 315-0182-00 1.8ka YU, W 5% 
R2894 315-0563-00 56 ka YW 5% 

R2896 315-0243-00 24 ko YU, W 5% 
R2897 315-0273-00 27 kQ yy, W 5% 
R2898 315-0753-00 1 75k, VW 5%, 
R2898 315-0513-00 2 51 ka VY, W 5% 
R2899 315-0224-00 ] 220 kN YU, W 5%, 

R2899 315-0273-00 2 27 kD Vv, W 5% 
R2900 315-0823-00 82k uy, W 5% 
R2902 315-0103-00 10 ka Uw 5% 
R2904 315-0102-00 1ko VW 5% 
R2905 315-0393-00 39 kO Y, W 5% 

R2906 315-0823-00 82 ko VW 5% 
R2908 315-0823-00 82 ka VW 5% 
R2909 315-0244-00 ] 240 kQ YU, W 5% 
R2909 315-0273-00 2 27 kQ. VW 5% 
R2911 315-0823-00 82 kO YW, W 5% 
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Electrical Parts List—Type 230 

LIMIT CARD Series H (cont) 

Resistors (cont} 

Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc Description 

R2913 315-0182-00 1.8 ka Vy, W 5% 
R2914 315-0563-00 56 kQ Y, W 5% 
R2916 315-0243-00 24 ka VY, W 5% 
R2917 315-0273-00 27 kQ VY, W 5% 
R2918 315-0753-00 1 75 ka VY, W 5% 

R2918 315-0513-00 2 51 kQ Vy, W 5% 
R2919 315-0224-00 1 220 kQ VY, W 5% 
R2919 315-0273-00 2 27 ka VY, W 5%, 
R2920 315-0823-00 82 ka VY, W 5% 
R2922 315-0103-00 10 ko Vy, W 5% 

R2924 315-0102-00 1ka YW, W 5% 
R2925 315-0393-00 39 ka VY, W 5% 
R2926 315-0823-00 82 ka Vy, W 5% 
R2928 315-0823-00 82 ka VY, W 5% 
R2929 315-0244-00 1 240 ka VY, W 5% 

R2929 315-0273-00 2 27 ka, Vi, W 5% 
R293] 315-0823-00 82 ka YW 5% 
R2933 315-0182-00 1.8 ka VY, W 5% 
R2934 315-0563-00 56 ka Vy, W 5% 
R2936 315-0243-00 24 kO u,W 5% 

R2937 315-0273-00 27 kQ VY, W 5% 
R2938 315-0753-00 1 75kQ VY, W 5% 
R2938 315-0513-00 2 51 ka VW 5% 
R2939 315-0224-00 1 220 kQ YW 5% 
R2939 315-0273-00 2 27 kQ VY, W 5% 

R2940 315-0823-00 82 kO VW 5% 
R2942 315-0103-00 10k YU, W 5% 
R2944 315-0102-00 1 ka Vy, W 5% 
R2945 315-0393-00 39 ka YW 5% 
R2946 315-0823-00 82 ka VY, W 5% 

R2948 315-0823-00 82 ka Vy, W 5% 
R2949 315-0244-00 1 240 ka VY, W 5% 
R2949 315-0273-00 2 27 ka, VW 5% 
R2951 315-0823-00 82 ka YU, W 5% 
R2958 315-0823-00 82 ka Vy, W 5% 

R2959 316-0564-00 1 560 ka Vy, W 
R2959 315-0823-00 2 82 ka Y, W 5%, 
R2960 315-0823-00 82 kO VW 5% 
R2962 315-0244-00 1 240 ko. VY, W 5% 
R2962 315-0273-00 2 27 ka VY, W 5% 

R2971 315-0433-00 43 ko VY, W 5% 
R2972 315-0274-00 1 270 ka VY, W 5% 
R2972 315-0753-00 2 75 kO VY, W 5% 
R2973 315-0563-00 56 kQ YW 5% 
R2974 315-0273-00 27 ka, VY, W 5% 

R2976 315-0243-00 24 kO VY, W 5%, 
R2977 315-0273-00 27 ka YU, W 5%, 
R2978 315-0474-00 1 470 kQ Vi, W 5% 
R2978 315-0683-00 2 68 kO Vv, W 5%, 
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SECTION 10 
DIAGRAMS 

and 

MECHANICAL PARTS ILLUSTRATIONS 

The following symbols are used on the diagrams: 

& Screwdriver adjustment 

Cd Front-, side- or rear-panel control or 
connector 

Clockwise control rotation in direction of 

arrow 

Refer to indicated diagram 

A Connection to circuit board made with pin 
» connector at indicated pin 

Blue line encloses components located on 
circuit board 

TYPE 230 

VOLTAGE AND WAVEFORM CONDITIONS 

Circuit voltages were measured with an infinite resistance voltmeter. 
Voltages were measured with respect to ground with the Type 568 sweep 
disabled and the Type 230 in TIME MEASUREMENT mode and TRIG- 
GERED MEASUREMENT—OFF. Exceptions to this are given at the end 
of this note. 

The voltages and waveforms shown in blue on the schematic diagrams 
are not absolute and may vary between instruments. Any apparent dif- 
ferences between the voltage levels measured with the oscilloscope and 
those shown on the waveforms are due to causes such as different oper- 
ating conditions, or measurement resolution. 

Waveforms shown are actual photographs taken with a Tektronix 
camera equipped with a projected graticule. 

(Cont on next diagram) 



VOLTAGE AND WAVEFORM CONDITIONS 

(Cont from previous diagram) 

To obtain the waveforms, the Type 230 was connected to a Tektronix 
Type 568 Oscilloscope through an interconnecting cable. The test oscillo- 
scope was a Tektronix Type 547 with Type 1A2 Dual Trace Amplifier. 

Waveforms were obtained under the following conditions: 

Type 568 Oscilloscope and Plug-in Units 

Sweep Mode Free Running 

Sweep Rate As necessary 

Vertical Mode Dual-Trace or Alternate 

Vertical Input Signal None 

Type 230 Digital Unit 

“TRIGGERED MEASUREMENT OFF 

DISPLAY TIME Counterclockwise 

Test Oscilloscope 

Horizontal Display A Dly'd 

Time-base A 

Time/cm As noted on waveforms 

Triggering Auto, =, Int 

Plug-In Volts/cm As noted on waveforms 

EXCEPTIONS TO BASIC VOLTAGE READING CONDITIONS: 

Voltages shown on the Counter board, the Limit card and the CRT 
Intensification circuit diagrams were taken with the Type 568 sweep en- 
abled and the Type 230 DISPLAY TIME control set fully counterclockwise.
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+0000 (upper reading) 
-0001 (lower reading) 



COUNTER 
MINUS 

UPPER LIMIT 
MINUS 

UPPER LIMIT 
1000 

UPPER LIMIT 
400 

UPPER) LIMIT 
here) 

UPPER LIMIT 
40 

UPPER LIMIT 
10 

UPPER. LIMIT 
4 

UPPER LIMIT 
1 

UPPER LIMIT 
2 

COUNTER Zz 

UPPER LIMIT 
8 

COUNTER a 

UPPER LIM!T 
ye} 

COUNTER 720 

UPPER LIMIT 
BO 

COUNTER BO 

UPPER LIMIT 
ZOO 

COUNTER 
LOO 

UPPER LIMIT 
BOO 

COUNTER 
B00 

UPPER LIMIT 

2000 

COUNTER 
2000 

5 +120 

© +34 

COUNTER 
TO R2977 

MINUS. 

R +3.4 

6 +3.4 

R271% 

AAA 

1G@4+3.4 

+3.8V 

27 +3.4 

EE +3.4 

DD +3.0 

MINDS 
FROM 

+1O.9V 

+0.0) 

counter's \ AS B2k 
¢ WN 

R269 43,.8V +1@.9V 
Zk 

RLOBA 
BGk 

COUNTER P +35 

FROM 
tol +aev RZ 

R2612 

B2k 
A 

TS 
+3.8 

R2638 
Fav Bik 

COUNTER 4 
2620 FROM 
tHe 

R263! 
B2k Ae 

R2620$. 
82k > = 0263) 

VW 

2 | a2ezed> 

R2G29 
27k 15 

Q264 

+H 

2k $ 

COUNTER 

+3.8V 

+38 

FROM 

+12V 

412 82k 

Ta R2840C0 B2k 

sz +38 
COUNTER 40 

FROM 

+H2N 

Q2660 

Sale 

ID e2k 
+0.0% R2G6G0S 

82k $ 

TO R2ece@> 

R2GTI¢ 

COUNTEF 
FRC 

QO2ZT7OO 

+l 

+0.02 R2BO¢ 
s2zk 

TO R2886@ 

> 
> 
+0.02 R27 

82 

TO R2906<@> 

TO R29264> 

To R29460 R2629 
2ITK 

—4.9V 

TYPE 230 DIGITAL UNIT 

SRZO49 
27k 

—4.9V 

RLG6P 
27k 

4 

> R2CEF 
> 27K 

~4.9N



+O9V 

R2772 
. 02778 75k a 

P+O.@ 

+1090 

+eiev y D2753 $ R277) 343k 

+3.8V r ° Q2733 Sok 

Voltages were taken under contions given on the 

Block Diagram, with the following additions: 

1, Voltages were measured with an infinite impedance 

$3.8 
voltmeter. 

COUNTER 19S AMA — 2. Type 230 
ROM 

. Type settings: 

R2e98 MEASUREMENT MODE.. 
TIME MEASUREMENT START POINT 

mm Below 100% 
-.99 

Level Switch. 

Offset Dial... 

TIME MEASUREMENT STOP POINT 

Level Switch. .mm Below 100% 

Offset Dial... wee 

LIMIT CONTROLS 
Upper Limit. 
Lower Limit,. 

WITHIN LIMITS LAMP(Green) 

READOUT. .scscssessssesscsneseeunsseves 0.000ns 

| +12V +I2N ten Selection of all other controls not necessary. 

: 
Q2680, 

127 
tN 

> 4 
AZ 4 

hal 
4+0.02 

2 R2eROs +0.02 pzzeo 41.6 Z\| GREATER 
40.6 TO PIN AZ 

Q269/ Q27H 

’ 
-4,9V 

> +SOV 

~Bov 

PARTIAL 
LIMIT CARD 

SEE PARTS LIST FOR 
SEMICONDUCTOR TYPES 

REFERENCE DIAGRAMS 

[ [ l R2740 L @ COUNTER 4 READOUT 
$RLC89 R2709 $AR2729 BLK SR2749 
7 27K 271k 2 27K o 27k <> LOWER LIMIT 

' 
-4.9V ~49V -4.9V -4.9V 

229 

Pil—- UPPER LIMITS 
A (SERIES H, MODEL @~UP) 



J203 : 

VA va | 

| zy IN LOWER LIMIT 190 VB | 
2! " mt 40 ' By 

Zore ? fy on 1O rl ve | 

t " uw MINUS —' 44 
a2 1 ae 4 heir ¥ D | 

| [sv Zu LOWER LIMIT [O00 VE | 
qre_l UPPER " MINUS ! Oy 

A | lyr | Ivy 
: aM luPPER Limit 2000 | wH | 

| p8y 
ve | 

| | °v baw LOWER LIMIT 400 ~ VK | 
i. 2M i iu tt LZLOOD ' Oy 

| Dio vt | it Vv 

ZaX LOWER LIMIT 800 | VM | 
| | Inve 
BN UPPER LIMIT B00 WN 

15N4_! LOWER " 200 oo! lav 
s | 7 | UPPER uv LOO ‘ VP | 

| | lave 
4. UPPER LIMIT 1000 VR | 

| ll " a Bo i1sy, 

| oN 9 | tt “t 4c00 1 Ss | 
tt i vw too | Ie 

| aw j\LOWER Bo _! vy T | 

| | I7y 

Vu | 
| | 1By 

| vv | pM VPPER LIMIT 20 io. 
e 26 LOWER Zo ' Vw | 

| |z0V | 
vy % 

| jzrw | 
vy A aN ILOwER LIMIT & lazav | 

jaw _LUPPER LimiT 6 “3y | 
cy van rLOwerR ot ' VAA 

| ‘ | 24y | 
{ - VveRB 

ae LOWER LIMIT 2 l2sy, | 
iW | UPPER W WIe 

EN ( it 4 2 tZevy 

14M es WS t YvDD 
| io | rr) ny 40 pa 127 vy) i 

iz { " uN IK) t EE: 
| ZB | URE 

Lt 
Jt 

EXTERNAL INPUT 
WIRING 



COUNTER 
MINUS 

LOwER LIMIT 
MINUS 

COUNTER: 
looo 

LOWER LIMIT 
1900 

COUNTER 
400 

LOWER_LIMIT 
400 

COUNTER 
190 

LOWER LIMIT 
100 

COUNTER 
40 

LOWER LIMIT 
40 

COUNTER 
10 

LOWER LIMIT 
+ 10 

COUNTER 
+ 

LOWER LIMIT 
+ 

COUNTER 
1 

LOWER LIMIT 
ES 

LoweR LIMIT 
2 

LOWER LIMIT 
f 

LOWER LIMIT 
20 

LOWER LIMIT 
BO 

LOWER LIMIT 
ZOO 

LOWER LIMIT 
e600 

LOWER LIMIT 
2000 

TYPE 230 DIGITAL UNIT 

+50v +50V +Bov +Bov +50V Fiz FEV ‘ 
ov 4 

ras708 R2618 SRZOI9 $R2839 SR2B59 R2879 SR2809 
WKS 82k 2901 2 220k 220K 220K 2 270K 

COUNTER_MINUS 
FROM 5 we 

D29ITe 

4 132 +12V Kt 
+50V pad7s 

naar Fe +h 

22936 

£ +v 

$3 $50V 
+O 

3 R2Ne az Q2917 33 
4 17 +4 

Th LIK Ov 

D291@ 

HAV 3 +3.8V A 
+50v — 

COUNTER 16G Ros 
R269 @ZB97 +2. Te 

+18 24k RZ897 44g 
3 7 7 de 

D2ZB9 
+33 

B +2 +56 +3.8v 
+500 _ 

COUNTER 46 
R267¢ QZE77 z Tem 

+2 oti, % 24k +4 
aN A ey +3.8V Rize7s 

Ww : 7s 
D2e7% rzeu 

+15 atl2 $33 +3.8V 33 

+aev COUNTER TO ag 
R285 Q2657 ¥ TO, Q2873 Sek 

Rz2857 + 
nv “ov “Kn zk oS Ze R2es8 WW +3.8V 28s 

D266 
R2853,, R2e54 

e HI2V +06 +3.8V OK 43) Bake 
+50V WA +E 

COUNTER & eT 
+3 TO, Q2853 
+12 

R2836 +3.8V 288 

D +tZzv 483 +3.8V 

+12v +ZV 

+18 Q2820 +8 4 " | i e2680 | ; 

SR2G31 Sa 2691 
18K O26I3 tiv ah 82k zh Ss BZK 

ann Qz28242°282° -2 R7BB0 
os S 82k Fao” Cea 

IZ RZBZZ +50v Q283! Qza7t Q289/ 
$0.0 1OK +R R22 +2 

zen! zk _L + tL 
COUNTER 2 +3 +12 7 
FROM Z Ov y +12N Rze2¢) 

® D225) BzK R2644 
R2842 Kaye 

22 412 wey sok Pi R2O48 
, . 82 Foe R28 455 Q2644 L. | 

COUNTER & +13 + +H12V +iav 
FROM Y OM R2B40 

® o7e4 e2k 1864+ 
+50V R2B02 Te aie 

Wisin A osizy fok +t 
+O.@ Pry 286 

29K @ 4 
COUNTER 20 naks +12V 

FROM 72) ov D2865 R2Be~ 
62 

+50v 
T+ +2v 

+0,0 

COUNTER BO 4 +n +2 +12V ev 
FROM 4) ov D268s R266¢ 

® 2K 2904 
+50vV R2902 Ku 

13 ain +I2V 10k +i 
to R2906 Q2904 

aK <3 COUNTER 200 +3 » +i 
FROM 12 ov M 

© D2905 R2906 
2K 

+50v 
M412 HAV 

+0. 
R2925 

a9 . COUNTER 800 +19 
FROM WL ov ® 07292! 

+50V 

10 414 #IZv. 
Force RZ945:. 

39k 
COUNTER 2000 » +13 
FROM J ov 

02945 SRZO29 SALLE49 R269 R289 
240k 240K 240K 240k, 

+12N -s0v -Sov -S0V ~sov



+S0vV 

+SOV R2958 $R2959 +50v 
BOV +5OV +50V B2ZkK Seok 

t ; COMTER PINGS ae 
S +7 D297. +7 

er 7.tae ston "tows azoxy Q29TL, ° J TOS ee aus 
zik 3% W 

v , +60V 
R2929 4 1 

Rie F 220K Sezer 02953 gare 

te =Sov +397 +42 
ny _ ¥ 
D297 92937 COUNTERS lo0G Q2974 Ret 

R2937 +4 ELS J & +3.8V 
RA oY R2938 ‘ +3.8NV 75k 

+33, +5 
+3.8V +3 +3 

‘ COUNTER 400 Ree Ree 
Q2917 2s TO . Q2933 

"aur tt . 
+ RZ +3.8V 73'e 

+3.8V 
—_ R293 R916 

COUNTER 100 
To “eK Q2913 Sok 

R2694 
Bek 

SEE PARTS LIST FOR 
SEMICONOUCTOR TYPES 

PARTIAL LIMIT. 
CARD a 

REFERENCE DIAGRAMS 

<@ COUNTER ¢ READOUT 

® UPPER LIMIT 

Me are ZV 
R2g904 

R2902 t +2 
1o% +t R2908 

Q2904 B2k | 
<3 

rn +12, +2 

R2900 
LK 

+12 

R2948 
SZ 

—% 
+2 

L \ 2946 
R289 R2909 SFZ929 e2K R2949 
240k Z4oK ZAok TA0K, 

-s0Vv ~60OV —sov ~s0v 

VOLTAGES were taxen under conditions 
given on Block Diagram with the following 
additions: 
Type 230 READOUT... 
Type 230 UPPER LIMIT LEVE 

-0001 

-0000 (upper reading) 
-0001 flower reading) 

Pl LOWER LIMIT 
(SERIES H, MODEL 1) 

LESS TO 
PIN BC



COUNTER 
MINUS 

LOWER LIMIT 
MINUS 

COUNTER, 
1o00 

LOWER LIMIT 
1900 

COUNTSR 
400 

LOweR_LIMIT 
400 

COUNTER 
100 

LOWER LIMIT 
100 

COUNTER 
40 

LOWER LIMIT 
40 

COUNTER 
10 

LOWER LIMIT 
10 

COUNTER 
4 

LOWER LIMIT 

COUNTER 
1 

LOWER LIMIT 
4 

LOWER LIMIT 
2 

LOWER LIMIT 
S 

LOWER LIMIT 
PXe) 

LOWER LIMIT 
Bo 

LOWER_ LIMIT 
200 

LoweR LIMIT 
800 

LOWER _LUMIT 
L000 

+ 

TYPE 230 DIGITAL UNIT 

FE +127 +16.9V + tite. SN 
Fie.9V *1B-9N aad 1e.9V +109 

R29TOS RIBIBS SRZOI9 Sr2e39 R2B39 $R2879 R2899 
Ak e2k 21K 27k < 2K 2 21K pind s 

COUNTER_MINUS 
FRomM S al FILF 

D2976 

444.2 +ev 
S tos 

J 

on 
D2973 

R29B0 
F277 7 

DZ936 

E +i2v +B.4 

C +H1O.9V 

R291 
Q2917 

zak 
R2917 +3 

THAT LIK 44.5 

DZ9I& 

K +12V +3.4 +3.8V + 

+1@.9V COUNTER TOS Roe 

R289 
QZ897 a To 

ak 
R2897 8 

BLT Zak fe R2898 ; ANSE +3.8V Sirk 

DZB96 

& +iw +B.4 +3.8v 43.4 +12. 4, 

He.oVv R2893 R2894 COUNTER 46 (Bk 7693 wee 

RiB76 
Q2877 TO 

4k 
DANZ-T 

D287 

atizv +34 
Fie.oV 

R2850 Q2657 
: 

zak R2857 
be F127 27k 

WV +d Ss 
D2B5e 

R2653 R2854 
‘c +12V +3.4 +3.8v Lek Sok 

FeV ~ FoE aa 4 
a 

zee Q2837 @2853 

24K +45 

ae +3.av R2E36 
R2837 ary 

DZB36 21k 

Dttzy +3.8 +3.8V ag t38 412.4 
HSV - 3 counter 7} R2833 R284 

TO 18K 927833 Bek 

+lav 
+12V 

+l2v +agv R22 Q2820 2840 

AA fret SSK [ais @ aes @2880 

{rzsn +12V SRZO7I 

aa h8K OZEIB +iey 0-5 
82k Aos 

4 Rze24 ozezasreez? +23 eRLEBO 

2B any 412 S2k 
Bik 

Yn R282 +16.9V mine oS Os Q285! =O5 Q@ze7! =O5 Q289 

10 R2828 rages a5 T T t T 
COUNTER 2 +1207 +12V - ~ 7 7 

FROM Z — +I2V 

& R226 
. 

p2e25 B2k R2e44 
+10.9V RzB42 1k 

22 412 +12N _ isk 412 Rees 
. 82K 

R2645¢ 44 
aoK O26 ZoS 

COUNTER & +12V 
FROM Y LF = +12 

D284! R2846 
B2K R2B64 

+10 R2862 1k 

“ § tiv joK Bars R2BOB 

Fe R2605 2Bo4a 82K 
a9K @ on 

COUNTER 20 A +12V 
FROM 21 +127 D2B65' RB6e ny 

O2K R2B84 

+IeON 
R2862 1k 

TO 42 A osizv 1oK 412 Rz2688 
’ 2K 

R2885:! 
Q2884 

39k 
On 

COUNTER @O HZ 
+A +12V 

“ peeee 
re R2904 

+10.9V R2BOL ik 

1B 1D 4 +IZN 
ion 412 

R2905 
Q2904 

Bok 
COUNTER 200 

ANN 

FROM 12 FTL R290@ 
D2905: B2k 
HNO. 

M +12 +IZV 

R2925$ 
COUNTER BOO tz 39K 
FROM L ® 22925 

He. 9V 

1O +12 +r2v 
nageee 
BOK 

COUNTER 2000 HN2 7 
FROM J L 

2945 SRL SRLS R2869 R2889 
> 27k 27k 27 27k 

+i ¥ 
~4.9V —4.9V -4.9V -4.9V 

A



+S. 
+e IV R2958 2R2959 +1G.9N 

@.V +16.9V +1@.9V B2k B2k 

COUNTE} minus re ut D2976 
2879 neee? RA8I8 3 aze77 Q2977, 49.01 To KS LA +05 

ZT +0.07 NY 
A , +e.9V 

R2939 R297! R2978 325k R2973 02953 3a 
= Bak 

—4.9V LO \t45 
_—_ +45 R2974 

D2973 6 COUNTER. 1600 Q2974 2K 
2937 

R2937 “(TP +36 WV aeev 
+3.8V R2938 ’ 

+45 " Bik 

+3.8V +3.4 $12.4 

— R2983 | Nd RZ34 
COUNTER 400 BK 2933, Sok 

Q2917 To Q 
R2or +36 MW 

+45 R2918 - 4+3.8V oe 

+3.8V 

COUNTER [06 
To 

+12V 

Q2891 

IAN 
+12V 

R2904 
" R202 

1Ok, Saks R2908 

Q2904 82 Kk 
=O.5 

R2906 
82K 

R2922 
lok, 

OS 

+12N 

R2924 
es 

+12 

+12V 

R2926 

02924. 
-O.S 

a2zk 

+12V 

R2Z926 
B2k R2944 

R2942 KR 
Jo +12 

+12V 

02944 
~O.S 

R2948 
ez 

+14. co 

+14 

Block Diagram, with 

voltmeter. 

2. Type 230 settings 
MEASUREMENT 

Level Switc! 
Offset Dial 

Level Switch, 
Offset Dial.. 

READOUT..... 

Selection of all other 

Voltages were taken under contions given on the 

1. Voltages were measured with an infinite impedance 

TIME MEASUREMENT START POINT 

TIME MEASUREMENT STOP POINT 

WITHIN LIMITS LAMP(Green).. 

the following additions: 

MODE. 

-+[luminated 

++0,C0Ons 

controls not necessary. 

SEE PARTS LIST 
SEMICONDUCTOR: 

-4.9V 

$R2889 
2qk 

—4.9N 

R2909 
27k 

R2946 
e2k 

\ R2929 
S27 

-49V 

R2949 
27K 

“4a 

Pt 

FoR 
TYPES 

REFERENCE DIAGRAMS 

<@ COUNTER ¢ READOUT 

UPPER LIMIT 

LOWER LIMIT 
(SERIES H, MODEL 2-UP) 

LIM 

209 

LESS TO 
PIN BC 

PARTIAL 
(T CARD



Puy -_ oe eT ee rr rr rn eee eee eee ee nnn wn— 00wwNe:n":-_ se ee el 

6 Z_UPPER MINUS 
w 

4 y UPPER 2000 
iw 

R ¥ UPPER 1000 
N 

N y UPPER 800 

y 5 ZUPPER +00 

> ly UPPER 200 
PK 

| UPPER 100 
16 & 

1s [> UPPER 80 

, PPER 40 27 < hd 
UPPER 20 

19 K R 

PPER 10 
EE ¢ u 
23 | : UPPER 8 Qe644 

l; upper 4 Q2635 
DD Q2653 Q2.664 Q2673 Q2684 Q269 

26 L UPPER @ ae624 
. ¥ 

co C UPPER MINOR MINOR MINOR MINOR MINOR MINOR MINOR MINOR MINOR 

| Cc MINUS Q2613 VS 299) He 4's) bet 8's fmt 10'S ft 20'S be 40'S fe os0's Le! i9co's b> 

5< Qz620 Q263! @2640 ae6s Q2660 92671 Q2680 Q2691 Q2700 
| Q2977 7 7 

| c MINUS 

J COUNTER 2000 

| COUNTER !000 

Pa COUNTER 800 

7 L COUNTER 400 

2 D> COUNTER 200 

| COUNTER 100 — 
8 < cioo 

| COUNTER 80 

. | 
Q2897 

COUNTER 40 — 
9 C40 

COUNTER 20 
a Q2877 

' | COUNTER 10 _ 
\ « cro 

y COUNTER 8 
N Qe2ees7 

14 Dp COUNTER 4 | eg 

|S ly COUNTER 2 
z iS per Q2837 
7 COUNTER! aee oT 

FF y, € MINUS MINOR MINOR MINOR MINOR MINOR MINOR MINOR MINOR MINOR 
> LOWER 1 Q2ais VS bel 2’S tLe 4S fel 8S fe to's bel 20'S bel 40'S Lp 80'S Lp 00's 

AA qese2o Q2a3l Q2840 Q2esi Q286o Q287l a28ao Q2aat qe9o00 

LOWER 2 
25 f 

| Qe8e4 Q2833 
D LOWER 4 Qees3 Qese4 Ra2073 Aazase a2s93 

22 Z-LOWER 6 

LOWER Io Q2844 
c 

Ww | LOWER 20 

Is 3 CbOWER 40 

S + Z_LOWER 80 

\s pC TOWER 100 

y 13 LOWER 200 

IS Kk C- EOWER 400 

s M LOWER 800 

\y — C__LOWER 1000 

S I/__LOWER 2000 
10 € 

y LOWER MINUS 
4¢ 

TYPE 230 DIGITAL UNIT



Q2673 Q2684 Q2693 Q2704 QeTis Q27e4 Q2733 Q2744 

MINOR MINOR MINOR MINOR MINOR MINOR MINOR MINOR 
40'S He 80'S TR 1000'S Fe 2200'S FR 400’S Him 8800'S Hm 1000'S fm 2000's 

22680 22691 Q2700 Qze7u Q2720 Q2731 Q2740 Qe7si- 

c MINUS 

clo00 

Qe937 

»P C400 

Qesi7 

ciao 

Q2897 

—o C40 

© MINUS 

| 
r 
INOR MINOR MINOR MINOR MINOR MINOR MINOR MINOR 

40'S Lp 80'S Lp} 100°S Lp! 200'S Lgl 400'S Lgl a00’s Lgl ioco’s ly! 2000's 

2880 Q285! Qe9g00 aes aese0 Q2o5l Q2940 Qe95l 

Q2893 Q2904 Q2als Qe924 Q2933 Q2944 

Q2753 

p2978 

b2953 

Qa77l 

Q2960 

Q2974 

Pll UPPER AND LOWER LIMIT CARD <> 

GREATER 

LESS | 
MAJOR 

eEKP 
@ot 

a
y
v
o
 
L
A
M
 



CRT 
INTENSIFICATION 

forte} 

MEASUREMENT TREE RED SW SOe ST me 

ehemeene b--— o> [mee SeERE RT [REE ZONES]; | wensunement p>“ 
iF ! \ I ' 

' Ie IF IF IF 

! ! ! i) | 

! i { l I 

FROM y j | | ! 

MODE SWITCH | \ \ \ \ 

INTERNAL LIMITS i 1 t i) | 

COMMON \ | I t \ 

8 OFF BOTH ra On 

1 fe) ON 1co = On are) OFF = O 

° te) O-* 

OFF 

Ta To TO ° © TO 

J9-8 J9-U JI-R JIO-3 

vy v 
To TO 

NO-2z JiO-1 

‘oe CHANNEL A | CHANNEL 8 

T REFERENCE ZONE | REFERENCE ZONE 

Sws7l 

1 

FROM 
MODE SWITCH j j | 1 ! i | 

AVERAGE 0,3 ¢M AVERAGE 0.8CM AVERAGE 0.3¢M Ly AVERAGE O3CM 

ZcM te) ZcM te) 2cmM °o 2c 

POs NEG POS 
PEAK 46M © Peak @4°M O 

| 1OcCM | 1OcM | IocM | loc 

TO TO TO Ta 

JIER JI-M 

TO 

JI-14 Jin JZ-R J2-M 

TYPE 230 DIGITAL UNIT 

se



D9 SwSZ0 

= ee 
ee eee MEASUREMENT 

MENT 7 - 4 T MODE 
| IR, iF \ 
' | | j 

IF I ' IE 
\ I ' \ 
| { \ 
' t ' 
M \ | ] 
t 1 - | 
\ \ \ l 

ON TIME ane 

OFF =~ O AVOLTS ZT O44 o—— fe) 

D524 
EXTERNAL START B 

B VOLTS of O-——_# J@-M 

EXT PROG Sw522 Oo fe) EXTERN STOP B 

TO 1 1 
- 

lo- P525 
WO-S | DSZ! 

i , & START/STOP COMMON 
CAL |; RUN | 

ad essa 

4 Kt a EXTERNAL STOP 
heel OFFSET, FROM 100%. 

A B JT-N 

INTERNAL VOLTS 
PARTIAL al 

COUNTER BOARD PROGRAM 
J8-7 

ep INTERNAL LIMITS, 

MEMORY ZONE COMMON 
@ MEASUREMENT AVERAGE 

~~ PROGRAM COMMON 

* 520! -17,16,25,36 
J2ZO2 ~17, 18,35,3¢ 
J2ZO3 -17, 18,35, 36 

J204-14 

CHANNEL & - 
REFERENCE ZONE | 

| Swset so SwS90 Ssws9l 

pana poston 7 Levee cHANNELT-~- r--{GHARNET] 
| L WIDTH IF WIDTH START \F \ STOP 

IF i \F | iF 

i t | \ | 

! 1 ! | l 

| 1 ! I | 
I I | 1 | 

i | ' FROM | ! 

: | MODE SWITCH —> os | 

| i l START/STOP i ; 
COMMON 

AVERAGE O.30M —A—— 

° 2oM ° — B—_ 

POS 
PEAK 4OM O 

| loc 
M TO TO 

G11 S741 

TO TO TO 

ya-M S214 J2-11 

SEE PARTS LiST FOR 

SEMICONDUCTOR TYPES 

G67 

MODE @¢ MISCELLANEOUS SWITCHING & 



Sw570A 

wee eee ee O% 
if i 7 { POSITION 

ZONE COMMON | J 
(CH A ZONE) 

as 

Sv 

[as 
S/o CH 

FROM > 
MODE SWITCH | 

Lf 

0.8 TO 4 TO 2TO 
MIKE i- 

c
o
o
c
o
c
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Index Tektronix Serial/Model No. t eae No. Part No. Eff Disc Y 123465 Description 

8-] 012-0119-01 1 CABLE, inter-connection 
-2 103-0013-00 

1 ADAPTER, power cord, 3 wire to 2 wire 070-0635-00 2 MANUAL, instruction (not shown} 

OTHER PARTS FURNISHED WITH TYPE R230 ONLY 

016-0097-00 1 KIT, ruggedizing hardware (not shown) 016-0099-00 
1 KIT, rackmounting hardware (not shown} 351-0086-00 B010100 B040209 1 TRACK, slide, stationary & inter-section (pair, not shown} 351-0085-00  B040210 B049999 1 TRACK, slide, stationary & inter-section (pair, not shown) 351-0086-00  B050000 1 TRACK, slide, stationary & inter-section (pair, not shown) 

® 
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FIGURE AND INDEX NUMBERS 

Items in this section are referenced by figure and index numbers to the illustrations which 
appear either on the back of the diagrams or on pullout pages immediately following the 
diagrams of the instruction manual. 

INDENTATION SYSTEM 

This mechanical parts list is indented to indicate item relationships. Following is an 
example of the indentation system used in the Description column. 

Assembly and/or Component 
Detail Part of Assembly and/or Component 

mounting hardware for Detail Part 
Parts of Detail Part 
mounting hardware for Parts of Detail Part 

mounting hardware for Assembly and/or Component 

Mounting hardware always appears in the same indentation as the item it mounts, 
while the detail parts are indented to the right. Indented items are part of, and included 

with, the next higher indentation. 

Mounting hardware must be purchased separately, unless otherwise specified. 

PARTS ORDERING INFORMATION 

Replacement parts are available from or through your local Tektronix, Inc. Field Office 
or representative. 

Changes to Tektronix instruments are sometimes made to accommodate improved 
components as they become available, and to give you the benefit of the latest circuit 
improvements developed in our engineering department. It is therefore important, when 
ordering parts, to include the following information in your order: Part number, instru- 
ment type or number, serial or model number, and modification number if applicable. 

!f a part you have ordered has been replaced with a new or improved part, your 
local Tektronix, Inc. Field Office or representative will contact you concerning any change 
in part number. 

Change information, if any, is located at the rear of this manual. 

ABBREVIATIONS AND SYMBOLS 

For an explanation of the abbreviations and symbols used in this section, please refer 
to the page immediately preceding the Electrical Parts List in this instruction manual.



Type 230/R230 

INDEX OF MECHANICAL PARTS ILLUSTRATIONS 

Title Location (reverse side of) 

FIG. 1 FRONT 2.0.2... ccc ec c ee eee c eee nenes P11 UPPER LIMIT 

FIG. 2 FRONT FRAME PARTS .............0cc0eecevceaes P11 LOWER LIMIT 

FIG. 3 CIRCUIT CARD SUPPORTS, BULKHEAD & POWER CHASSIS ... LIMIT LOGIC 

FIG. 4 CIRCUIT CARDS ..............00 ccc cece eee MODE & MISC SWITCHES 

FIG. 5 CIRCUIT CARDS ...............000000. REF ZONE POSITION SWITCHES 

FIG. 6 REAR 2... . ccc ccc cee cee eee START & STOP LEVEL SWITCHES 

FIG. 7 CABINET & FRAME .......... 0.000 cece ccececeves LIMIT SWITCHES 

FIG. 8 ACCESSORIES ................00cccen eee INTERCONNECTION TABLES



Type 230 

SECTION II 

MECHANICAL PARTS LIST 
FIG. 1 FRONT 

Fig. & Q 
Index Tektronix Serial/Model No. t sas 
No. Part No. Eff Disc Y 12345 Description 

1-1 333-0972-01 1 PANEL, front 
-2. -386-1172-00 1 ‘PLATE, sub-panel, front 
-3 366-0215-01 17. KNOB, charcoal, LEVER 
-4 260-0473-00 1 SWITCH, lever—MEASUREMENT AVERAGING 8—1 

eee eee - mounting hardware: (not included w/switch} 

220-0413-00 2 NUT, hex., 4-40 x 344% 0.562 inch long 

-5 = 260-0846-00 1 SWITCH, lever—REF ZONES 
eee eee - mounting hardware: (not included w/switch} 

220-0413-00 2 NUT, hex., 4-40 x 3/4 x 0.562 inch long 

-6 260-0473-00 1 SWITCH, lever—TIME MEASUREMENT 
- see ee - mounting hardware: (not included w/switch) 
220-0413-00 2 NUT, hex., 4-40 x 34x 0.562 inch long 

-7  260-0847-00 1 SWITCH, lever—MEASUREMENT MODE 
wee eee - mounting hardware: (not included w/switch) 
220-0413-00 2 NUT, hex., 4-40 x 3/4, x 0.562 inch long 

-8 260-0849-00 1 SWITCH, lever, CH A 0% level 
eee eee - mounting hardware: (not included w/switch) 
220-041 3-00 2 NUT, hex., 4-40 x 344 x 0.562 inch long 

-9  260-0849-00 1 SWITCH, lever, CH A 100% level 
eee eee - mounting hardware: (not included w/switch) 

220-0413-00 2 NUT, hex., 4-40 x 34x 0.562 inch long 

-10 260-0473-00 1 SWITCH, lever—CHANNEL AB (start point} 

eet eee - mounting hardware: (not included w/switch} 
220-0413-00 2 NUT, hex., 4-40 x 3/46 x 0.562 inch long 

-11  260-0848-00 1. SWITCH, lever—% BETWEEN ZONES (start point) 
eee eee - mounting hardware: (not included w/switch} 
220-0413-00 2 NUT, hex., 4-40 x 344 x 0.562 inch long 

-12 260-0849-00 1 SWITCH, lever—CH B 0% level 
eee eee - mounting hardware: (not included w/switch} 
220-0413-00 2 NUT, hex., 4-40 x 3/44 x 0.562 inch long



Mechanical Parts List—Type 230 

FIG. 1 FRONT (con?) 

Fig. & Q 
Index Tektronix Serial/Model No. t + as 
No. Part No. Eff Disc y 12345 Description 

1-13 260-0849-00 1 SWITCH, lever, CH B 100% level 
sect ee - mounting hardware: (not included w/switch} 
220-0413-00 NUT, hex., 4-40 x 344 x 0.562 inch long 

-14  260-0473-00 1 SWITCH, lever—-CHANNEL AB (stop point} 
- ee eee - mounting hardware: (not included w/switch} 
220-0413-00 2 NUT, hex., 4-40 x 9, x 0.562 inch long 

-15 260-0849-00 1 SWITCH, lever—% BETWEEN ZONES (stop point) 
eee eee - mounting hardware: (not included w/switch) 
220-0413-00 2 NUT, hex., 4-40 x 34, x 0.562 inch long 

-16 260-0473-00 1 SWITCH, lever—SLOPE +- — (start point} 
eee eee - mounting hardware: (not included w/switch} 

220-0413-00 2 NUT, hex., 4-40 x 3/4 x 0.562 inch long 

-17 260-0473-00 1 SWITCH, lever—SLOPE Ist 2nd (start point} 
eee eee - mounting hardware: (not included w/switch} 
220-0413-00 2 NUT, hex., 4-40 x 9/6 x 0.562 inch long 

-18 260-0473-00 1 SWITCH, lever—SLOPE -+ — (stop point} 
eee eee - mounting hardware: (not included w/switch} 
220-0413-00 2 NUT, hex., 4-40 x 344 x 0.562 inch long 

-19 260-0473-00 1. SWITCH, lever—SLOPE ist 2nd (stop point} 

cece ee - mounting hardware: (not included w/switch} 
220-0413-00 2 NUT, hex., 4-40 x 9/14 x 0.562 inch long 

-20 260-0473-00 1 SWITCH, lever—TRIGGERED MEASUREMENT 
eee eee - mounting hardware: (not included w/switch} 
220-0413-00 2 NUT, -hex., 4-40 x 9/46 x 0.562 inch long 

2] ------ 5 ASSEMBLY, bulb 
ote eee - mounting hardware for each: (not included w/assembly} 

-22  210-0012-00 1 LOCKWASHER, internal, 3/5 IDx Y, inch OD 
-23 210-0590-00 1 NUT, hex., 3/-32 x 7/i¢ inch 

-24 260-0834-00 1 SWITCH, toggle—POWER 
eee eee - mounting hardware: (not included w/switch} 

-25 210-0562-00 2 NUT, hex., 4-40 x 5/4 inch 
-26 210-0046-00 1  LOCKWASHER, internal, 0.261 ID x 0.400 inch OD 
-27  210-0940-00 1. WASHER, flat, % ID x 3, inch OD 
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Mechanical Parts Lisi—Type 230 

FIG. 1 FRONT (cont) 

Fig. & Q 
Index Tektronix Serial/Model No. t + as 
No. Part No. Eff Dise Yy312345 Description 

1-28 343-0006-00 1 CLAMP, cable, plastic, 1% inch 
ese ee - mounting hardware: (not included w/clamp) 

-29 212-0023-00 1 SCREW, 8-32 x74 inch, PHS 
-30 210-0863-00 1 WASHER, “D” type 
-31 210-0458-00 1 NUT, keps, 8-32 x 77/32 inch 

-32 406-0757-00 4 BRACKET, spacer, switch 
~33  426-0351-00 1 FRAME, readout 

“ee eee - mounting hardware: (not included w/frame} 
-34  210-0586-00 6 NUIT, keps, 4-40x 4 inch 

-35 378-0579-00 1 FILTER, light, chromatic 
-36 380-0117-00 1 HOUSING, readout 

cece ee - mounting hardware: (not included w/housing) 
-37  210-0406-00 4 NUT, hex., 4-40 x Y% inch 
-38 210-0586-00 4 NUIT, keps, 4-40 x 4 inch 

-39 352-0084-00 5 HOLDER, plastic, neon single 
-40 378-0541-00 5 FILTER, lens, clear 
-41 —200-0643-00 5 COVER, plastic neon holder 
-42 670-0239-00 1 ASSEMBLY, circuit board-—-COUNTER 

wee ee - assembly includes: 
388-0834-00 1 BOARD, circuit 

-43  214-0506-00 66 PIN, connector, straight, male 
214-0579-00 1 PIN, test point 

-44 136-0260-00 4 SOCKET, 16 pin 
-45  136-0183-00 1 SOCKET, 3 pin 
-46 136-0220-00 29 SOCKET, 3 pin 
-47 136-0237-00 44 SOCKET, 8 pin 
-48  136-0241-00 4 SOCKET, 10 pin 
-49  136-0250-00 5 SOCKET, 13 pin 
-50 136-0251-00 1 SOCKET, 14 pin 

we ee ee - mounting hardware: (not included w/socket} 
-51  211-0534-00 2 SCREW, sems, 6-32 x 5/¢ inch, PHS 
-52  385-0100-00 2 ROD, plastic, 4x V2 inch 
-53  211-0558-00 2 SCREW, plastic, 6-32 x Y% inch 

-54 260-0723-00 1 SWITCH, slide 
-55  343-0043-00 1 CLAMP, neon 

ee eee - mounting hardware: (not included w/assembly) 
-56 = 129-0114-00 6 POST, hex., 4% x 15/4 inches 
-57  —211-0116-00 6 SCREW, sems, 4-40x5/,4 inch 

-58  386-1218-00 1 PLATE, support 
wee eee - mounting hardware: (not included w/plate} 

-59 210-0457-00 6 NUT, keps, 6-32 x 5/4 inch 
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Mechanical Parts List—Type 230 

FIG. 1 FRONT {conf} 

Fig. & Q 
Index Part No. Serial/Model No. t «as 
No. Tektronix Eff Disc Y 12345 Description 

1-60 214-0905-00 1 RETAINER, circuit board 
- 2-2 ee - mounting hardware: (not included w/retainer) 

-61 212-0023-00 2 SCREW, 8-32 x 3/4 inch, PHS 
62 210-0804-00 2 WASHER, flat, 0.170 ID x34 inch OD 
-63  210-0458-00 2 NUT, keps, 8-32 x "yg inch 

-64 348-0102-00 1 PAD, cushioning, 14 inches long 

-65 214-0553-00 2 LATCH SCREW, 1.388 inches long 
-66 358-0255-00 2 BUSHING, plastic, latch 
-67 366-0149-00 1 KNOB, charecoal—CH A 0%—100% 

wee eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/16 inch, HSS 

-68 366-0142-00 1 KNOB, charcoal—CH A POSITION 

eee eee - knob includes: 

213-0004-00 1 SCREW, set, 6-32 x 3/;¢ inch, HSS 
-69  260-0846-00 1 SWITCH, unwired—CH A POSITION 

“eee ee - mounting hardware: (not included w/switch} 
70 210-0012-00 1 LOCKWASHER, internal, 34, IDx % inch OD 
-71 210-0840-00 1 WASHER, flat, 0.390 IDx % inch OD 
72  210-0413-00 1 NUT, hex., 344-32 x Y_ inch 

73 366-0149-00 1 KNOB, charcoal—CH B 0%-——100% 
eee eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/1. inch, HSS 

-74 366-0142-00 1 KNOB, charcoal, CH B POSITION 
eee eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/6 inch, HSS 

-75 260-0846-00 1 SWITCH, unwired—CH B POSITION 
- ee eee - mounting hardware: (not included w/switch} 
210-0012-00 1 LOCKWASHER, internal, 34 IDx ¥ inch OD 

-76 210-0840-00 1 WASHER, flat, 0.390 ID x Y% inch OD 
-77 210-0413-00 1 NUT, hex., 3-32 x Y inch 

-78 366-0167-03 1 KNOB, charcoal—START POINT 
ee eee - knob includes: 

213-0004-00 1: SCREW, set, 6-32 x 3/6 inch, HSS 
79  366-0164-02 1 KNOB, charcoal—START POINT 

eee eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/4 inch, HSS 

-80 260-0844-00 1 SWITCH, unwired—START POINT 
eee eee - mounting hardware: (not included w/switch) 

-81  210-0413-00 1 NUT, hex., 34-32 x Y. inch 

-82 366-0167-03 1 KNOB, charcoal—STOP POINT 
cn tee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/6 inch, HSS 

83 366-0164-02 1 KNOB, charcoal—STOP POINT 
ct eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/4 inch, HSS 
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Mechanical Parts List——-Type 230 

FIG. 1. FRONT (con?) 

Fig. & Q 
Index Tektronix Serial/Model No. t + ae 
No. Part No. Eff Disc 12345 Description 

1-84 260-0844-00 1. SWITCH, unwired—-STOP POINT 
cee eee - mounting hardware: (not included w/switch) 

-85 210-0413-00 1 NUT, hex., 3/-32:x Y2 inch 

-86 366-0167-02 1 KNOB, charcoal—UPPER LIMIT (left) 
cee eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/1 inch, HSS 

-87 366-0164-01 1 KNOB, charcoal—UPPER LIMIT (left) 
eee ee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/6 inch, HSS 

-88 262-0807-00 1 SWITCH, wired—UNITS/TENS 
eee eee - switch includes: 

260-0844-00 1 SWITCH, unwired 
- eee ee «mounting hardware: (not included w/switch} 
210-0413-00 1 NUT, hex., 3/s-32 x Y_ inch 

-89 366-0167-03 1 KNOB, charcoal—UPPER LIMIT (right) 
eee eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/;¢ inch, HSS 

-90  366-0164-02 1 KNOB, charcoal—UPPER LIMIT (right) 
ete eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/6 inch, HSS 

-91 262-0808-00 1 SWITCH, wired—HUNDREDS/THOUSANDS 
wee eee - switch includes: 
260-0845-00 1 SWITCH, unwired 
eee eee - mounting hardware: (not included w/switch} 
210-0413-00 1 NUT, hex., 3/-32 x % inch 

-92 366-0167-03 1 KNOB, charcoal—LOWER LIMIT (right) 
weet ee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3A. inch, HSS 

-93  366-0164-02 1 KNOB, charcoal—LOWER LIMIT (right) 
ws ee ee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/g inch, HSS 

-94 262-0808-00 1 SWITCH, wired —HUNDREDS/ THOUSANDS 
cece eee - switch includes: 
260-0845-00 1 SWITCH, unwired 
wee ee - mounting hardware: (not included w/switch) 
210-0413-00 1 NUT, hex., 94-32 x Y, inch 
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Mechanical Parts List—Type 230 

FIG. 1. FRONT (conf) 

Fig. & Q 
Index Tektronix Serial/Model No. t «age 
No. Part No. Eff Disc Y 12345 Description 

1-95 366-0167-02 1 KNOB, charcoal—LOWER LIMIT (left) 
eee eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/¢ inch, HSS 

-96 366-0164-01 1 KNOB, charcoal—LOWER LIMIT (left) 
eee eee - knob. includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/14 inch, HSS 

-97 262-0807-00 1 SWITCH, wired—UNITS/TENS 
eect ee - switch includes: 
260-0844-00 ] SWITCH, unwired 
ce ee ee - mounting hardware: (not included w/switch} 
210-0413-00 1 NUT, hex., 3/-32 x Y_ inch 

-98 366-0113-00 1 KNOB, charcoal—DISPLAY TIME 

ete eee - knob includes: 
213-0004-00 ] SCREW, set, 6-32 x 3/4 inch, HSS 

99 ------ 1 RESISTOR, variable 
coe eee - mounting hardware: (not included w/resistor) 

-100 210-0207-00 1 LUG, solder, 3/4 ID x 5% inch OD, SE 
-101 210-0012-00 1 LOCKWASHER, internal, 4% IDx % inch OD 
-102 210-0840-00 1 WASHER, flat, 0.390 IDx Y inch OD 
-103 210-0413-00 1 NUT, hex., 3/6-32 x Y2 inch 

-104 200-0368-01 4 FRAME, knob window (dual) 
eee eee - mounting hardware for each: (not included w/frame) 

-105 211-0541-00 1 SCREW, 6-32x Y%, inch, FHS 

-106 426-0360-01 2 FRAME, knob window (single) 
ee eee - mounting hardware for each: (not included w/frame) 

-107 211-0541-00 2 SCREW, 6-32 inch, FHS 

-108 179-1189-00 1 CABLE HARNESS, readout 
cee eee - cable harness includes: 
131-0371-00 6 CONNECTOR, single contact, female 

-109 179-1182-00 1 CABLE HARNESS, sub-panel 
sete ee - cable harness includes: 
131-0371 -00 6] CONNECTOR, single contact, female 
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Mechanical Parts List—Type 230 

FIG. 2. FRONT FRAME PARTS 

Fig. & Q 
Index Tektronix Serial/Model No. t «ae 

No. Part No. Eff Disc Y 12345 Description 

2-1 426-0343-00 1 FRAME, section, digital unit, bottom 

-2  426-0344-00 1 FRAME, section, digital unit, top 
-3 407-0296-03 1 BRACKET, angle, right (Type R230 only) 

eee eee - mounting hardware: (not included w/bracket) 

-4 212-0574-00 2 SCREW, 10-32 x 0.434 inch FHS (Type R230 only) 

-5 —-407-0296-00 - 1. BRACKET, angle, left (Type R230 only) 

wee ee - mounting hardware: (not included w/bracket) 

-6  212-0574-00 2 SCREW, 10-32 x 0.434 inch FHS (Type R230 only) 

7  367-0076-00 2 HANDLE (Type R230 only) 
“eee ee - mounting hardware for each: (not included w/handle) 

-8 =. 212-0562-00 2 SCREW, 10-32 x 7% inch FHS (Type R230 only) 

-9  426-0326-01 1 FRAME, section, right front & left rear 
ee ee ewe - mounting hardware: (not included w/frame} 

-10  212-0574-00 2 SCREW, 10-32 x 0.434 inch, FHS 

-11 124-0188-00 1 STRIP, trim, 16.3 x 0.876 inch (Type R230 only) 
-12  367-0073-00 B010100 B159999 1 HANDLE (Type 230 only) 

367-0073-01 B1é60000 1 HANDLE (Type 230 only) 
eee eee - mounting hardware: (not included w/handle} 

-13  213-0155-00 2 SCREW, 10-32 x 0.40 inch (Type 230 only) 
-14. 386-1176-00 B010100 B039999 2 PLATE, (Type 230 only) 

386-1352-00  B040000 2 PLATE, (Type 230 only) 

-15 200-0728-00 1 COVER, handle end 
-16 426-0325-01 1 FRAME, section, left front & right rear 

wee eee - mounting hardware: (not included w/frame) 
-17  212-0574-00 2 SCREW, 10-32 x 0.434 inch, FHS 

-18 377-0151-00 1 INSERT, corner frame section 

------ - mounting hardwere: (not included w/frame} 
-19  212-0518-00 2 SCREW, 10-32 x 5/5 inch, BHS 

-20 124-0189-00 2 — STRIP, trim, 0.995 x 6.45 inches (Type 230 only) 
-21  214-0866-00 1 HINGE, outer half 

ct eee - mounting hardware: (not included w/hinge) 
-22 212-0518-00 2 SCREW, 10-32 x 544 inch, BHS 

-23 214-0865-00 1 HINGE, inner half 
cee eee - mounting hardware: (not included w/hinge) 

-24 214-0864-00 2 PIN, hinge 
213-0159-00 2 SCREW, 3-48 x Y inch, PHS 
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Mechanical Parts List~-Type 230 

FIG. 2. FRONT FRAME PARTS (cont) 

Fig. & Q 
Index Tektronix Serial/Model No. t «as 
No Part No. Eff Disc Y 12345 Description 

2-25 214-0925-00 1 SUPPORT, arm, door 
cee eee - mounting hardware: (not included w/support) 

-26 211-0025-00 B010100 B030279 1 SCREW, 4-40 x 3/ inch, FHS 
211-0102-00 B030280 1 SCREW, 4-40 x 1%, inch, 100° esk, FHS 

-27  =361-0158-00 1 SPACER, sleeve 
210-0054-00 B010100 B030279X 1 LOCKWASHER, split, #4 
210-0851 -00 1 WASHER, flat, 0.119 ID x34 OD 
210-0948-00 1 WASHER, plastic 

-28 210-0405-00 B010100 B030279 1 NUT, hex., 4-40 x 344 inch 
210-0589-00 B030280 1 NUT, locking, 4-40 x 4% inch 

-29 214-0926-00 1 SUPPORT, arm, door 
cee eee - mounting hardware: (not included w/support) 

-30 361-0158-00 1 SPACER, sleeve - 

210-0054-00 B010100 B030279X 1 LOCKWASHER, split, #4 
210-0851 -00 1 WASHER, flat, 0.119 IDx34 OD 
210-0948-00 1 WASHER, plastic 

-31 210-0405-00 B010100 B030279 1 NUT, hex., 4-40 x 344 inch 
210-0589-00  B030280 1 NUT, locking, 4-40 x 1, inch 

-32 407-0373-00 1 BRACKET, angle, door stop 

eee ee - mounting hardware: (not included w/bracket) 
-33 361-0158-00 1 SPACER, sleeve 

210-0054-00 1 LOCKWASHER, split, #4 
210-0851 -00 1 WASHER, flat, 0.119 ID x34, OD 
210-0948-00 1 WASHER, plastic 

-34 210-0405-00 B010100 B030279 1 NUT, hex., 4-40 x 3/, inch 
210-0589-00 B030280 1 NUT, locking, 4-40 x 4% inch 
210-0457-00 1 NUT, keps, 6-32 x 5/6 inch (not shown) 

-35 348-0096-01 1 FOOT, cabinet, right front (Type 230 only} 
wee eee - mounting hardware: (not included w/foot} 

-36 212-0541-00 1 SCREW, 10-32 x 5/, inch, RHS (Type 230 only) 

-37  348-0098-01 1 FOOT, cabinet, left front (Type 230 only) 
eee eee - mounting hardware: (not included w/foot) 

-38 =212-0541-00 1 SCREW, 10-32 x 5/, inch, RHS (Type 230 only} 

-39 348-0097-00 2 PAD, cabinet foot (Type 230 only) 
-40 348-0095-01 1 -FLIPSTAND, cabinet (Type 230 only} 
-41— 214-0846-01 1 RETAINER, flipstand, (Type 230 only) 

- ee eee - mounting hardware: (not included w/retainer} 
-42  212-0509-00 1 SCREW, 10-32 x 5/, inch (Type 230 only} 

-43  210-0202-00 1 LUG, solder, SE #6 
eee eee - mounting hardware: (not included w/!ug} 
210-0457-00 1 NUT, keps, 6-32 x ig inch 
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Mechanical Parts List-—Type 230 

FIG. 3. CIRCUIT CARD SUPPORTS, BULKHEAD & POWER CHASSIS 

Fig. & Q 
Index Tektronix Serial/Model No. t + age 
No. Part No. Eff Disc Y 12345 Description 

3-1 407-0319-00 1 BRACKET, circuit card guide 
eee eee + mounting hardware: (not included w/bracket) 
212-0040-00 “2 SCREW, 8-32 x 3% inch, FHS 

-2— 210-0458-00 2 NUT, keps, 8-32 x 'V/g9 inch 

-3  386-1219-00 1 SUPPORT, bracket 
ose cee - mounting hardware: (not included w/support) 

-4 — 212-0023-00 4 SCREW, 8-32 x % inch, PHS 
-5  —.210-0458-00 4 NUT, keps, 8-32 x '¥y inch 

211-0538-00 1 SCREW, 6-32 x 5/6 inch, FHS 
-6  210-0457-00 1 NUT, keps, 6-32 x 5/4 inch 

7  386-1173-00 1 SUPPORT, bracket 
on eee - mounting hardware: {not included w/support) 

-8  — 212-0023-00 4 SCREW, 8-32 x ¥/, inch, PHS 
- — 210-0458-00 4 NUT, keps, 8-32 x 1/32 inch 

211-0538-00 1 SCREW, 6-32 x 56 inch, FHS 
-10 210-0457-00 1 NUT, keps, 6-32 x 5Ay inch 

-11 407-0318-00 1 BRACKET, circuit card guide 
cs eee - mounting hardware: (not included w/bracket) 
212-0040-00 2 SCREW, 8-32 x %/ inch, FHS 

-12  210-0458-00 2 NUT, keps, 8-32 x ?¥/39 inch 

-13  351-0113-00 24 GUIDE, plastic, circuit card 
-14 441-0710-00 1 CHASSIS, bulkhead 

eee eee - mounting hardware: (not included w/chassis} 
-15 212-0040-00 4 SCREW, 8-32 x ¥% inch, PHS 
-16 210-0458-00 4 NUT, keps, 8-32 x 1/9 inch 

212-0574-00 2 SCREW, 10-32 x 0.434 inch, FHS 
-17  220-0410-00 2 NUT, keps, 10-32 x 3/, inch 

-18 214-0210-00 1 ASSEMBLY, solder spool 
~ eee ee - assembly includes: 
214-0209-00 1 SPOOL, w/o solder 
cee eee - mounting hardware: (not included w/assembly) 

-19 361-0007-00 1 SPACER, plastic, 0.188 inch long 

-20 131-0292-01 B010100 B050339 Tl CONNECTOR, 56 pin, female 
131-0549-00 B050340 1] CONNECTOR, 56 pin, female 

ct eee - mounting hardware for each: (not included w/connector) 
-21 211-0014-00 B010100 B050339 2 SCREW, 4-40x ¥% inch, PHS 
-22 210-0586-00 B010100 B050399 2 NUT, keps, 4-40 x ¥% inch 

211-0097-00  B050340 2 SCREW, 4-40x 5/4 inch, PHS 

-23.  214-0702-00 22 KEY, plastic, polarized 
-24 352-0124-00 1 HOLDER, circuit card extender 

ett - mounting hardware: (not included w/holder] 
-25  210-0457-00 2 NUT, keps, 6-32x ‘4 inch 
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Mechanical Parts List—Type 230 

FIG. 3. CIRCUIT CARD SUPPORTS, BULKHEAD & POWER CHASSIS (cont) 

Fig. & Q 
Index Tektronix Serial/Model No. t +e 
No. Part No. Eff Disc Y 12345 Description 

3-26 426-0349-00 2 FRAME, section, left & right 

---- ee - mounting hardware for each: (not included w/frame) 
212-0574-00 2 SCREW, 10-32 x 0.434 inch, FHS 

-27 358-0166-00 1 BUSHING, plastic 
-28 441-0711-00 1 CHASSIS, power 

wee eee - mounting hardware: (not included w/chassis} 
212-0585-00 4 SCREW, 10-32 x Y inch, OHS 
220-0410-00 4 NUT, keps, 10-32 x ¥/g inch 
212-0023-00 4 SCREW, 8-32 x 3/4 inch, PHS 
210-0458-00 4 NUT, keps, 8-32 x 1/32 inch 

-29 348-0063-00 1 GROMMET, plastic, Y2 inch diameter 

30 ----+--- 1) THERMAL CUTOUT 
ee ee ee - mounting hardware: (not included w/thermal cutout) 

-31  213-0044-00 2 SCREW, thread forming, 5-32 x 9/16 inch, PHS 

-32  210-0201-00 4 LUG, solder, SE #4 
eee eee - mounting hardware for each: (not included w/!ug} 

-33  213-0044-00 1 SCREW, thread forming, 5-32 x 3/6 inch, PHS 

34 ++---- 1 TRANSFORMER 

wee eee - mounting hardware: (not included w/transformer) 
-35  212-0516-00 4 SCREW, 10-32 x 2 inches, HHS 
-36. 210-0812-00 4 WASHER, fiber, 0.19 x 0.38 inch OD 
-37. 220-0410-00 4 NUT, keps, 10-32 x ¥ inch 

38 --+--- 6 TRANSISTOR 
- see ee - mounting hardware for each: (not included w/transistor} 

39 = 211-0511-00 2 SCREW, 6-32 x Y2 inch, PHS 
-40 386-0978-00 1 PLATE, mica, insulating 

-41_— 210-0935-00 2 WASHER, fiber, shouldered 

-42 210-0803-00 2 WASHER, flat, 0.150 IDx%¥, inch OD 
-43 210-0202-00 1 LUG, solder, SE #6 
-44 210-0457-00 2 NUT, keps, 6-32 x 5/6 inch 

45 ----- + 2 CAPACITOR 
eee - mounting hardware for each: (not included w/capacitor} 

-46  211-0588-00 2 SCREW, 6-32 x 34 inch; HHS 
-47 —432-0048-00 1 BASE, plastic, large capacitor mounting 
-48 386-0254-00 1 PLATE, fiber, large capacitor mounting 
-49  210-0457-00 2 NUT, keps, 6-32 x 5/¢ inch 
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Mechanical Parts List—Type 230 

FIG. 3. CIRCUIT CARD SUPPORTS, BULKHEAD & POWER CHASSIS (cont) 

Fig. & Q 
Index Tektronix Serial/Model No. t as 
No. Part No. Eff Disc Y 12345 Description 

3-50 200-0293-00 3 COVER, plastic, 1.365 ID x 2%, inches long 
Sl o------ 2 CAPACITOR 

te eee - mounting hardware for each: (not included w/capacitor} 
-52  211-0588-00 2 SCREW, 6-32 x 3/, inch, HHS 
-53 432-0047-00 1 BASE, plastic, small capacitor mounting 
-54 386-0252-00 1 PLATE, fiber small capacitor mounting 
55 210-0457-00 2 NUT, keps, 6-32 x 5/6 inch 

-56 200-0256-00 2 COVER, plastic, 1 IDx 23. inches long 
So) 1 CAPACITOR 

eee eee - mounting hardware: (not included w/capacitor] 
-58  211-0516-00 2 SCREW, 6-32x 7/5 inch, PHS 
-59 432-0048-00 1 BASE, plastic, large capacitor mounting 
-60 386-0254-00 1 PLATE, fiber, large capacitor mounting 
-61 210-0457-00 2 NUT, keps, 6-32x 4/6 inch 

62 ------ 1 CAPACITOR 
-- +e ee - mounting hardware: (not included w/capacitor} 

-63  211-0534-00 2 SCREW, sems, 6-32 x 5/4 inch, PHS 
-64  386-0252-00 1 PLATE, fiber, smal! capacitor mounting 

-65  210-0457-00 2 NUT, keps, 6-32 x S~ inch 

-66 200-0257-00 1 COVER, plastic, 1 ID x 21% inches long 
-67 124-0106-00 8 STRIP, ceramic, 7/16 inch h, w/11 notches 

cee eee - each strip includes: 
355-0046-00 2 STUD, plastic 
eee eee - mounting hardware for each: (not included w/strip) 
361 -0008-00 2 SPACER, plastic, 0.281 inch long 

-68 124-0092-00 1 STRIP, ceramic, 7/;¢ inch h, w/3 notches 
wee eee - strip includes: 
355-0046-00 1 STUD, plastic 
et ee ee + mounting hardware: (not included w/strip} 
361-0008-00 1 SPACER, plastic, 0.281 inch long 

-69  124-0147-00 2 STRIP, ceramic, 7/;¢ inch h, w/13 notches 

ee ee ee - each strip includes: 
355-0046-00 2 STUD, plastic 
wee eee - mounting hardware for each: (not included w/strip} 
361 -0008-00 2 SPACER, plastic, 0.281 inch long 

70 179-1185-00 1 CABLE HARNESS, interconnector 
71 179-1184-00 1 CABLE HARNESS, power 
72  124-0119-00 2 STRIP, ceramic, 7g inch h, w/2 notches 

- ee eee - each strip includes: 
355-0046-00 1 STUD, plastic 
7s eee - mounting hardware for each: (not included w/strip} 
361-0009-00 1 SPACER, plastic, 0.406 inch long 
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Mechanical Parts List—Type 230 

FIG. 4 CIRCUIT CARDS 

Fig. & Q 
Index Tektronix Serial/Model No. t + ae 

No. Part No. Eff Dise Y 12345 Description 

4-1 670-0231-00 2 ASSEMBLY, circuit card—-ZONE GENERATOR (CH A & B) 
ce ee ee - each assembly includes: 
388-0826-00 B010100 B129999 1 CARD, circuit 
388-0826-01 B130000 1 CARD, circuit 

-2  —136-0220-00 34 SOCKET, transistor, 3 pin 
-3 136-0241-00 2 SOCKET, transistor, 10 pin 

-4 = 352-0120-00 1 HOLDER, variable resistor, black 
-5  352-0112-00 1 HOLDER, variable resistor, white 

-&  352-0119-00 1 HOLDER, variable resistor, brown 

-7 ~~ 352-0117-00 1 HOLDER, variable resistor, orange 

8  670-0232-00 2 ASSEMBLY, circuit card—MEMORY (CH A & B) 
we ee - each assembly includes: 
388-0827-00 1 CARD, circuit 

-  131-0344-00 4 CONNECTOR, terminal feed thru 

cee eee - mounting hardware for each: (not included w/connector) 

-10 358-0136-00 1 BUSHING, plastic 

-11. 136-0220-00 25 SOCKET, transistor, 3 pin 

-12 136-0237-00 2 SOCKET, transistor, 8 pin 
-13  136-0241-00 12 SOCKET, transistor, 10 pin 
-14 136-0257-00 2 SOCKET, transistor, 4 pin 
“15 352-0120-00 1 HOLDER, variable resistor, black 

“16 352-0119-00 ] HOLDER, variable resistor, brown 

-17 670-0233-00 1 ASSEMBLY, circuit card—BUFFER 
wee eee - assembly includes: 
388-0828-00 B010100 B059999 1 CARD, circuit 
388-0828-01  B060000 1 CARD, circuit 
260-0984-00 XB060000 1 SWITCH, slide 

-18 136-0220-00 15 SOCKET, transistor, 3 pin 
-19 136-0183-00 8010100 B059999 2 SOCKET, transistor, 3 pin 

136-0220-00 B060000 3 SOCKET, transistor, 3 pin 

-20 136-0237-00 1 SOCKET, transistor, 8 pin 

-21 136-0241-00 3 SOCKET, transistor, 10 pin 

-22 352-0119-00 1 HOLDER, variable resistor, brown 

-23. 352-0114-00 1 HOLDER, variable resistor, red 

-24 352-0116-00 1 HOLDER, variable resistor, green 
-25 352-0113-00 1 HOLDER, variable resistor, grey 

-26 352-0115-00 1 HOLDER, variable resistor, violet 
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Mechanical Parts List—Type 230 

FIG. 4 CIRCUIT CARDS (coni) 

Fig. & Q 
Index Tektronix Serial/Model No. t sae 

No. Part No. Eff Disc Y 12345 Description 

4-27 670-0234-00 2 ASSEMBLY, circuit card—COMPARATOR (CH A & B} 
wee - each assembly includes: 
388-0829-00 1 CARD, circuit 
260-0877-00 BO10100 B049999 25 SWITCH, reed 
260-0877-01  B050000 25 SWITCH, reed 
214-0579-00 5 CONNECTOR, test point 

-28 136-0220-00 28 SOCKET, transistor, 3 pin 

-29  136-0235-00 2 SOCKET, transistor, 6 pin 
-30 136-0237-00 1 SOCKET, transistor, 8 pin 

-31  136-0183-00 2 SOCKET, transistor, 3 pin 

-32  131-0505-00 26 CONNECTOR, terminal stud 
-33.  131-0525-00 24 TERMINAL, stud, w/half loop 
-34 352-0119-00 1 HOLDER, variable resistor, brown 
35 352-0121-00 ] HOLDER, variable resistor, yellow 

36 352-0116-00 1 HOLDER, variable resistor, green 

-37 352-0017-00 ] HOLDER, variable resistor, orange 

-38 352-0114-00 1 HOLDER, variable resistor, red 

-39 = 352-0118-00 1 HOLDER, variable resistor, blue 
-40 260-0723-00 1 SWITCH, slide—-CALIBRATE—RUN 
-41 670-0235-00 1 ASSEMBLY, circuit card-—CLOCK 

ce ee ee - assembly includes: 
388-0830-00 B010100 B089999 1 CARD, circuit 
388-0831-01  BO90000 1 CARD, circuit 

-42  136-0220-00 12 SOCKET, transistor, 3 pin 
-43.  136-0237-00 2 SOCKET, transistor, 8 pin 

-44.  136-0241-00 3] SOCKET, transistor, 10 pin 
-45 670-0236-00 1 ASSEMBLY, circuit card—SYNCHRONIZER 

ce tees - assembly includes: 
388-0831 -00 1 CARD, circuit 

-46  136-0220-00 19 SOCKET, transistor, 3 pin 

-47 136-0237-00 21 SOCKET, transistor, 8 pin 
-48 214-0579-00 1 CONNECTOR, test point 
-49 =352-0112-00 ] HOLDER, variable resistor, white 
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Mechanical Parts List—Type 230 

FIG. 5 CIRCUIT CARDS 

Fig. & Q 
Index Tektronix Serial/Model No. t sie 

No. Part No. Eff Disc Y 12345 Description 

5-1 670-0237-00 1 ASSEMBLY, circuit card—INTENSIFICATION REGULATOR 
eee eee - assembly includes: 
388-0832-00 BO10100 B099999 1 CARD, circuit 
388-0832-01 B100000 1 CARD, circuit 

-2  —136-0220-00 30 SOCKET, transistor, 3 pin 
<3 =: 136-0183-00 4 SOCKET, transistor, 3 pin 

4 =136-0235-00 6 SOCKET, transistor, 6 pin 

- 352-0116-00 ] HOLDER, variable resistor, green 

-6  352-0119-00 ] HOLDER, variable resistor, brown 

7  352-0117-00 1 HOLDER, variable resistor, orange 
8 = 352-0121-00 1 HOLDER, variable resistor, yellow 
-9 = 352-0118-00 1 HOLDER, variable resistor, blue 

-10 352-0114-00 1 HOLDER, variable resistor, red 

-11 214-0579-00 7 PIN, test point 
-12 670-0238-00 1 ASSEMBLY, circuit card—LIMIT 

cee eee - assembly includes: 
388-0833-00 B010100 B049999 1 CARD, circuit 
388-0833-01  B050000 1 CARD, circuit 

-13 136-0220-00 70 SOCKET, transistor, 3 pin 

-14  670-0240-00 1 ASSEMBLY, circuit card—FRONT EXTENDER 
ee ce ee - assembly includes: 
388-0824-00 1 CARD, circuit 

-15  214-0579-00 56 PIN, test point 
+16 = 131-0292-01 1 CONNECTOR, female, 56 pin 
-17  344-0141-00 1 CLIP, circuit card retainer 

-- ee ee - mounting hardware: (not included w/clip} 
211-0012-00 1 SCREW, 4-40 x 3/, inch, PHS 

-18 210-0586-00 1 NUT, keps, 4-40 x 1% inch 

214-0702-00 ] KEY, plastic, polarized 

-19 670-0241-00 1 ASSEMBLY, circuit card—REAR EXTENDER 

cote - assembly includes: 
388-0825-00 1 CARD, circuit 

-20 134-0066-00 2 PLUG, banana, male 

cette mounting hardware for each: (not included w/plug} 
211-0108-00 1 SCREW, 2-56 x 5/32 inch, RHS 
210-0850-00 1 WASHER, flat, 0.093 ID x 0.281 inch OD 
210-0053-00 1 LOCKWASHER, split, #2 

-21 — 131-0292-01 1 CONNECTOR, female, 56 pin 
-22 344-0141-00 2 CLIP, circuit card retainer 

cet eee - mounting hardware for each: (not included w/clip) 
211-0012-00 1 SCREW, 4-40 x 3/g inch, PHS 

-23 210-0586-00 1 NUT, keps, 4-40 x % inch 
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Mechanical Parts List—-Type 230 

FIG. 6 REAR 

Fig. & Q 
Index Tektronix Serial/Model No. t «age 
No. Part No. Eff Disc Y 12345 Description 

6-1 386-1171-00 1 PANEL, rear 
- ee eee - mounting hardware: (not included w/panel) 

-2 — 211-0510-00 10 SCREW, 6-32 x 3/ inch, PHS 
-3  212-0507-00 4 SCREW, 10-32 x ¥/, inch, BHS 
-4 —- 210-0457-00 10 NUT, keps, 6-32 x 3/4 inch 

-5 — 200-0728-00 2 COVER, handle end (Type 230 only) 
-~ 204-0279-00 1 ASSEMBLY, line voltage selector 

ce eee - mounting hardware: {not included w/assembly) 
-7 —_210-0006-00 2  LOCKWASHER, internal, #6 
-8 —210-0407-00 2 NUT, hex., 6-32 x 14 inch 

-9 —200-0762-00 COVER, line voltage selector 
cover includes 

HOLDER, fuse 
mounting hardware for each: (not included w/holder) 

4 ° eA ed o 1 ) id 2 3S 

N
a
s
 

-11 213-0088-00 1 SCREW, thread cutting, 4-40 x 14 inch 
-12  124-0188-00 1 STRIP, trim, 16.3 x 0.876 inch (Type 230 only) 
-13  124-0201-00 2 — STRIP, trim, 6.45 x 1,009 inches 
-14 426-0325-01 1 FRAME, section, left rear 

cet ee - mounting hardware: (not included w/frame} 
-15  212-0574-00 2 SCREW, 10-32 x 0.434 inch, FHS 

-16 426-0326-01 1 FRAME, section, left rear 
wee eee - mounting hardware: (not included w/frame) 

“17 212-0574-00 2 SCREW, 10-32 x 0.434 inch, FHS 

-18 426-0330-00 1 FRAME, section, rear top 

-19 367-0073-00 1 HANDLE (Type 230 only) 
ee tees - mounting hardware: (not included w/handle} 

-20 213-0155-00 2 SCREW, 10-32 x 0.40 inch (Type 230 only) 
-21  386-1176-00 B010100 B039999 2 PLATE, (Type 230 only) 

386-1352-00  B040000 2 PLATE, (Type 230 only) 

-22 630-0217-00 8010100 B059999 1 ASSEMBLY, connector 
630-0217-01  BO60000 1 ASSEMBLY, connector 

ete eee - assembly includes: 
-23. 179-1187-00 1 CABLE HARNESS, externa! programming 
-24 179-1188-00 B010100 B059999 ] CABLE HARNESS, externa! programming 

179-1188-01  B060000 ] CABLE HARNESS, external programming 
-25 386-1245-00 ] PLATE, connector mounting 

-26 131-0294-00 2 CONNECTOR, 36 contact, female 
- ee eee - mounting hardware for each: (not included w/connector) 

-27 211-0062-00 2 SCREW, 2-56 x 5/6 inch, PHS 
-28 210-0001-00 2 LOCKWASHER, internal, #2 
-29 210-0405-00 2 NUT, hex., 2-56 x 3/4 inch 

eee eee - mounting hardware: {not included w/assembly) 
-30 211-0507-00 3 SCREW, 6-32 x 4/4 inch, PHS 
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Mechanical Parts List—Type 230 

FIG. 6 REAR (con?) 

Fig. & Q 
Index Tektronix Serial/Model No. t +e 
No. Part No. Eff Disc Y 12345 Description 

6-31 630-0218-00 1 ASSEMBLY, connector 
eee eee - assembly includes: 

32  179-1186-00 1 CABLE HARNESS, external programming (main) 
-33 386-1244-00 1 PLATE, connector mounting 
34 131-0294-00 4 CONNECTOR, 36 pin, female 

---- ee - mounting hardware for each: (not included w/connector) 
-35 =211-0062-00 2 SCREW, 2-56 x 5/i¢ inch, PHS 
-36 210-0001-00 2 LOCKWASHER, internal, #2 
-37 210-0405-00 2 NUT, hex., 2-56 x 3/44 inch 

-~- ee ee - mounting hardware: (not included w/assembly) 
-38 211-0510-00 4 SCREW, 6-32x°/, inch, PHS 

-39 —119-0031-00 1 ASSEMBLY, blower 
ee eee - mounting hardware: (not includea w/assembly) 

-40 211-0511-00 4 SCREW, 6-32 x ¥. inch, PHS 
-4] 210-0457-00 4 NUT, keps, 6-32 x 5/16 inch 

-42  426-0329-00 1 FRAME, section, bottom rear 

-43  348-0078-00 B010100 B149999X 4 FOOT, plastic, cap 
-44 348-0079-00 B010100 B149999 4 FOOT, plastic 

348-0191-00 B150000 4 FOOT, plastic 
ee eee - mounting hardware for each: (not included w/foot) 

-45  212-0082-00 1 SCREW, 8-32x 114 inches, PHS 
-46 210-0458-00 1 NUT, keps, 8-32 x 1/39 inch 

-47 348-0097-00 2 PAD, cabinet foot (Type 230 only) 
-48 348-0096-01 1 FOOT, cabinet (Type 230 only) 

cttw ee - mounting hardware: (not included w/foot) 
-49 212-0541-00 1 SCREW, 10-32 x 5, inch, RHS (Type 230 only) 

-50 348-0098-01 1 FOOT, cabinet (Type 230 only) 
wee eee - mounting hardware: (not included w/foot} 

-51 = 212-0541-00 1 SCREW, 10-32 x 4, inch, RHS (Type 230 only) 

-52 161-0033-00 1 CORD, power, 3 conductor 

343-0170-00 XB110490 1 RETAINER, cable to cable (not shown) 

-53 358-0161-00 1 BUSHING, plastic, strain relief 
-54 378-0029-00 1 ‘FILTER, air, plastic foam 
-55 380-0119-00 1 HOUSING, air filter 

eee eee - mounting hardware: (not included w/housing} 
-56  211-0516-00 4 SCREW, 6-32x 7% inch, PHS 

-57 —179-1190-00 1 CABLE HARNESS, line voltage selector 
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Mechanical Parts List—Type 230 

FIG. 7 CABINET & SIDE FRAMES 

Fig. & Q 
Index Tektronix Serial/Model No. t +s 
No. Part No. Eff Disc y 12345 Description 

7-1 386-1139-00 1 CABINET, top 
ct tee - cabinet includes: 

-2 —214-0812-00 4 ASSEMBLY, latch 
cee eee - each assembly includes: 

3 — 214-0603-01 1 PIN, securing 
-4 —- 214-0604-00 1 SPRING 
-5 — 386-0227-00 1 PLATE, plastic, index 
-6 —386-0226-00 1 PLATE, locking 
-7 —386-1138-00 1 CABINET, bottom 

cet ee - cabinet includes: 
-8  214-0812-00 4 ASSEMBLY, latch 

cee eee - each assembly includes: 
-  214-0603-01 T PIN, securing 
-10 214-0604-00 1 SPRING 
-11 386-0227-00 ] PLATE, plastic, index 
-12 386-0226-00 1 PLATE, locking 
-13 426-0347-00 1 FRAME, section, bottom left 

ese eee - mounting hardware: (not included w/frame} 
-14  212-0574-00 2 SCREW, 10-32 x 0.434 inch, FHS 
-15 = 212-0585-00 2 SCREW, 10-32 x 0.50 inch, FHS 

220-0410-00 1 NUT, keps, 10-32 x 3/4, inch 

-16 426-0348-00 1 FRAME, section, bottom right 
we eee - mounting hardware: (not included w/frame) 

“17 212-0574-00 2 SCREW, 10-32 x 0.434 inch, FHS 
-18 212-0585-00 2 SCREW, 10-32 x 0.50 inch, FHS 

220-0410-00 1 NUT, keps, 10-32 x 3/4 inch 

-19 351-0027-00 8010100 B049999 1 TRACK, slideout (pair, Type R230 only) 
351-0082-00 B050000 1 TRACK, slideout (pair, Type R230 only) 
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MANUAL CHANGE INFORMATION 

At Tektronix, we continually strive to keep up with latest 

electronic developments by adding circuit and component 
improvements to our instruments as soon as they are devel- 
oped and tested. 

Sometimes, due to printing and shipping requirements, we 
can't get these changes immediately into printed manuals. 

Hence, your manual may contain new change information on 

following pages. 

A single change may affect several sections. Sections of 
the manual are often printed at different times, so some of 

the information on the change pages may already be in 
your manual. Since the change information sheets are carried 
in the manual until] ALL changes are permanently entered, 
some duplication may occur. If no such change pages appear 
in this section, your manual is correct as printed.



TYPE 230/R230 

TEXT CORRECTION 

Section 6 Performance Check 

Page 6-1 EQUIPMENT REQUIRED 

REPLACE: items 1, 2 and 3 with the following: 

1. Type 568 oscilloscope with sampling and sampling sweep units, such 

as Type 385 (with two Sampling Heads) and Type 3T5. 

2. Interconnecting cable, Tektronix Part Number 012-0119-01 (Included as 

standard accessory with the Type 230). 

Page 6-1 Control Settings 

ADD: the following controls after SLOPE: 

TIME MEASUREMENT STOP POINT 

CHANNEL A 

LEVEL HORIZ mm FROM SWP START 

Offset dials 1 and 0 

Page 6-2 

REPLACE: the control settings in column 1 with the following: 

Sampling Sweep Unit 

Samples /Sweep 1000 

Time /Div (100 ns) 

Decade , 7 

Multiplier 1 

De lay 1000 

Program Selector Int 

Trigger 

Sensitivity fully cw 

Recovery Time fully cw 

Mode +, Int 

Horiz Pos Centered 

Sampling Unit 

Mode Ch A 

Channels A and B 

Units /Div 100 

Cal/Variable Cal 

Invert Pushed In (normal) 

DC Offset Dials 0-0 

Normal/Smooth Normal C2/268 
(Rev. #3)



TYPE 230/R230 

Section 1 

Page 1-3 

Page 1 of 6 

TEXT CORRECTION 

Characteristics 

ADD: the following information to the end of the present text: 

Characteristic Performance Requirement 

J 101 From Type 568 
True False 

Pin Indicates 

1 Decimal 2 <+2V, < 2.8 mA 2 +6 V, 2 0.0 mA 
2 Decimal 3 <+2V, <3 mA > +6 V, 2 -0.15 mA 
3 Decimal 4 
4 Not Used 
5 Not Used ___ _ _ 

6 Letter V <+2V, ¢ 1.5 mA > +6 V, > -0.15 mA 
7 Letter m 

9 Letter u 

10 Letter n < +2 V, ¢ 1.5 mA 2 +6 V, 2 -0.15 mA 

11 Ch A Signal In 1 V/div +3% at +10 V center screen. Zan > 10 kn 

12 A Signal Shield 
13 not used 
14 3T4 Speed up >+l1V at s 2.5 mA > -11 V at 68 kn +10% 
15 3T4 Single Sweep 
16 Chop/Alternate > -1.0 V low to > 1.0 V high, < 1 kQ 
17 CRT Intensity (output) | > +0.8 V at 270 2 410% < 0.2 V at 270 2 +10% 
18 Ground 

19 Ground 

20 Sweep 5 V/div £3% starting at 0 V 40.5 V 
21 Sweep Gate > +1.0 V at 3 kX +57 > -0.5 V at 3 kQ £57 

22 10 MHz > -9.3 V, 0.17 mA s_-3.1 V, 0.06 mA 
23 Ch B Signal In 1 V/div +3% +10 V_ center screen. Z. 210 ka 
24 B Signal Shield in 
25 Horiz Decimal Units, 

Common > -.25 Vat <5 mA > +23 Vat 235 kQ +10% 
26 A +1,2,5 > -2.5 Vat s 5 mA +12 V at 24 kQ +107 
27 B +1,2,5 
28 A Decimal Units > -3.0 V at < 5 mA +12 V at 24 kQ +10% 

Common 

29 B Decimal Units 

Common 

30 Horiz +2 < +2 V, < 2.4 mA 2 +6 V, < 0.5 mA 
31 Horiz +5 < +2 V, < 0.4 mA 2 +6 V, 0.0 mA 
32 Vert +1 <+2V, < 2.4 mA > +6 V, 0.0 mA 
33 Vert +2 _ s +2 V, < 1.4 mA 2 +6 V, 0.0 mA 
34 Vert+ 5 of < +2 V, s 5.5 mA = +6 V, 0.0 mA 
35 Sweep Clock 

Risetime/Falltime < 150 ns 
Frequency s 1 MHz 
Pulse Width 0.7 ws to 1.3 us 
Amplitude 2 -0.5 V to +1 V at 20.5 mA 

2 0.5 mA 

36 Clock Shield 
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Page 2 of 6 

[_Characteristic 

TYPE 230/R230 

Performance Requirement 
if 
i 

J 201 Reference Zone Program 

_irue _ _False _ 

| Pin Program 

ae A 0% Position 8 +2.V, < 2.3 mA > +6 V, < 0.25 mA 
2 A 0% Position 4 _ oe 

3. A 0% Position 2. | <s42V, 52.1 m . > +6V, < 0.1m F 
— 4. ...... A.O% Position 1 

5 A 0% Position 0.5 

6  . AOL Width4 | +2 V, < 0.7 mA > +6 V, < 0.1 mA 
7 A 0% Width 2 . 

_ 8 External Volts © +2 V, < 6 mA 2 +6 V, <¢ 2.9 mA __ 
9 A_100% Position 8 +2 V, < 2.3 mA 2 +6 V, < 0.25 mA 

10 A_100% Position 4 
_1l A 100% Position 2 +2 V, < 2.1 mA > +6 V, < 0.1 mA 

12 A.100% Position 1 | 
13 A 100% Position 0.5 | 
14 A_100% Width 4_ +2 V, < 0.7 mA > +6 V, < 0.1 mA 
15 A 100% Width 2 

16 A Chopped ; +2 V, < 0.4 mA 2 +6 V, < 0.1 mA 

17 Program Common Oo 
18 Program Common 

19 —_—BO% Position 8 +2 V, < 2.3 mA > +6 V, < 0.25 m 
20 B_ 0% Position 4 | _ ee 

_ 21 _ B.0% Position 2 +2 V, < 2.1 mA 2+6V, < 0.1 mA ~ 
22 =&B_O% Position 1 
23 B 0% Position 0.5 | ee 

_ 24 _B O% Width 4 +2 V, < 0.7 mA > +6V, < 0.1 mA 
25 B 0% Width 2 

26 Measurement Average +2 V, < 3.7 mA _2.+6.V, > -2.4 mA 
27 B 100% Position 8 +2 V, < 2.3 mA > +6 V, < 0.25 mA 

28 -—s—Cié&B®RESA100% Position 4 

29 B 100% Position 2 +2 V, < 2.1 mA >+6V, < 0.1 mA 
30 B 100% Position 1 

31 B_ 100% Position 0.5 oo ee _ 
32 B 100% Width 4 +2 V, < 0.7 mA >+6V, < 0.1 mA 
33 B 100% Width 2 _ 
34 ___ B Chopped +2 V, < 0.4 mA 2 +6 V, < 0.03 mA 
35 Program Common +24 V, < 500 mA 
36 Program Common 
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Page 2 of 6 

[_Characteristic 

TYPE 230/R230 

Performance Requirement 
if 
i 

J 201 Reference Zone Program 

_irue _ _False _ 

| Pin Program 

ae A 0% Position 8 +2.V, < 2.3 mA > +6 V, < 0.25 mA 
2 A 0% Position 4 _ oe 

3. A 0% Position 2. | <s42V, 52.1 m . > +6V, < 0.1m F 
— 4. ...... A.O% Position 1 

5 A 0% Position 0.5 

6  . AOL Width4 | +2 V, < 0.7 mA > +6 V, < 0.1 mA 
7 A 0% Width 2 . 

_ 8 External Volts © +2 V, < 6 mA 2 +6 V, <¢ 2.9 mA __ 
9 A_100% Position 8 +2 V, < 2.3 mA 2 +6 V, < 0.25 mA 

10 A_100% Position 4 
_1l A 100% Position 2 +2 V, < 2.1 mA > +6 V, < 0.1 mA 

12 A.100% Position 1 | 
13 A 100% Position 0.5 | 
14 A_100% Width 4_ +2 V, < 0.7 mA > +6 V, < 0.1 mA 
15 A 100% Width 2 

16 A Chopped ; +2 V, < 0.4 mA 2 +6 V, < 0.1 mA 

17 Program Common Oo 
18 Program Common 

19 —_—BO% Position 8 +2 V, < 2.3 mA > +6 V, < 0.25 m 
20 B_ 0% Position 4 | _ ee 

_ 21 _ B.0% Position 2 +2 V, < 2.1 mA 2+6V, < 0.1 mA ~ 
22 =&B_O% Position 1 
23 B 0% Position 0.5 | ee 

_ 24 _B O% Width 4 +2 V, < 0.7 mA > +6V, < 0.1 mA 
25 B 0% Width 2 

26 Measurement Average +2 V, < 3.7 mA _2.+6.V, > -2.4 mA 
27 B 100% Position 8 +2 V, < 2.3 mA > +6 V, < 0.25 mA 

28 -—s—Cié&B®RESA100% Position 4 

29 B 100% Position 2 +2 V, < 2.1 mA >+6V, < 0.1 mA 
30 B 100% Position 1 

31 B_ 100% Position 0.5 oo ee _ 
32 B 100% Width 4 +2 V, < 0.7 mA >+6V, < 0.1 mA 
33 B 100% Width 2 _ 
34 ___ B Chopped +2 V, < 0.4 mA 2 +6 V, < 0.03 mA 
35 Program Common +24 V, < 500 mA 
36 Program Common 
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TYPE 230/R230 

_.. Characteristic. 

-J 202 Comparator Program 

Performance Requirement 

Page 3 of 6 

_..___lrue False 
Pin __Program 

_ 1. Start B Channel: _ < +2 V, < 7.1m >t6V,< 2.9m | 
_ 2. Start HORTZ mm _ “s42V, <4 ma | 2 +6 V, < 2.7 mA st 
__3  _—-—sOStart Percent Between < +2 V, s 5.9 mA > +6 V, < 2.9 mA 

4 Start mm BELOW <+2V, < 2.9 mA > +6 V, < 3.7 mA 

_Reference Zone ae ee nee , 
5 Start Offset from < +2 V, < 3.7 mA > +6 V, < 2.9 mA 

100% 
6 Start Minus Slope _ <+2V, < 1.4 mA > +6V, < 0.8 m 

7. Start Second Slope = - _ 
8 Counter Reset '<¢ 42 V, < 2.5 mA > +6V, > -0.5 mA 

_..Inhibit Soe .. oe ee ee 
9 Start Offset 80 < +2 V, < 1.3 mA > +6 V, > -0.1 mA 

10 Start Offset 40 _ 

— 11... Start..Offset_ 20. 

__12 Start Offset 10 0, . ee 
13 Start Offset 8 < +2 V, < 3.7 mA > +6 V, 0.0 mA a 

_ 14. Start Offset 4 _ ¢s42V, < 1.3 mA > +6 V, > 70.1 mA 
15 Start Offset 2 
16 _Start Offset 1. ; - oo 

17 _ Program Common _ 

18 _ Program Common re _ 

i_19 Stop B Channel == | s< +2 V, < 7.1 mA > +6 V, < 2.9 mA 
__ 20 Stop HORIZ mm s +2 V, < 4.0 mA _ 2 t6V, < 2.7 mA 
‘21 Stop Percent Between  < +2 V, < 5.9 mA | 2 t6V, < 2.9 mA 
| 22 Stop mm BELOW <+2V, <4.9 mA > +6 V, < 3.7 mA 

Reference Zone | . 
' 23 Stop Offset from <+2V, < 3.7 mA > +6 V, < 2.9 mA 

100% 
24 Stop Minus Slope <+2V, < 1.4 mA > +6 V, < 0.8 mA 

1 25 Stop ‘Second Slope 
6 _—_—sCExternal Scale s+2V, 61.4 mA | 2 +6 V, s 0.1 mA a 
|27_ =~ Stop Offset 80 _ | s +2 V, < 1.3 mA 2 +6 V, = -0.1 mA 

28 Stop Offset 40 
29 ~~—ss Stop Offset 20 
30 Stop Offset 10 _ 7 : 

| 31 | Stop Offset 8 _<+2V, s 3.7 mA > +6V, 0.0 mA 

| 32 _Stop Offset 4 “< 42 V, < 1.3 mA >+6V, > -0.1 m 
33 Stop Offset 2 _ ot 
34 _ Stop Offset 1 

35 Program Common | : : oe 
36 Program Common 
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Characteristic 

TYPE 230/R230 

J 203 Limit Program 

Performance Requirement 

—lrue _ False 

Pin Program 

1 _ External + 2 +2, V, s 2.4 mA +6 V, < 0.5 mA 
2 Upper Minus +2 V, ¢s.1.9 mA +6 V, 0.0 mA 
4 Upper 1000 

6. _Upper 400 
8 Upper 100 

10 Upper 40 
_ 12 __Upper 10 

14 Upper 4 
16 Upper 1 

3 Upper 2000 +2 V, < 1.2 mA +6 V, < 0.5 mA 
__ 5 Upper 800. 

7 Upper 200 
9 Upper 80 

11 Upper 20 

13 Upper 8 | 

15 Upper 2 
17 Program Common 
18 Program Common ; i 
19 Ext +5 42.V, 504m |. 2=+6V, 2 -0.4 ma | 

20 Lower Minus S42V,< 1.0m a H6 V, 0.0m, 
21 Lower 2000 +2V, 5 1.2 mA © +6 V, < 0.5 mA 
23 Lower 800 ! 
25 Lower 200 
27 Lower 80 
29 Lower 20 
31 Lower 8 

33 Lower 2 oe 
_ 22 Lower 1000 +2 V, < 1.9 mA +6 V, 0.0 mA 
24 Lower 400 
| 26 Lower 100 
i 28 Lower 40 
30 Lower 10 

32 Lower 4 +2 V, < 1.9 mA +6 V, 0.0 mA 
34 Lower 1 
35 Lower 1 
36 Program Common 

C3/1269 
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_ Characteristic Performance Requirement : - ,; neo 
| 

J 204 Miscillaneous Inputs | 
and Outputs 

__True_ False _ 
_ Pin | Indicates 

_ 1 Print Command < +2 V, at < 20 mA +12 V at 3 kX 410% 
2 External Hold 

Hold < +2 V, < 6 mA _ 
Release 2+7V, < 2.4 mA 

3 Red Light < +2 V at < 20 mA > +10 V at < 100 2 
4 Green Light 

___5 Yellow Light 7 — 
_ 6 + Trigger _ ! 

Risetime <1 us 
- Amplitude = 3 V (positive step) 

_ 7 - Trigger _ 

_—_ _.Risetime = ss Ls ct coe oo Amplitude => 3 V (negative step) 
8 __ Program 314 H.S. <+2V, < 4.4 mA 2 +6 V, > -1.7 m 9 3T4 Speed Up ss ss HV, < 2.5 mA > TIL V at 68 kQ 4107 
10 ___3T4 Single Sweep 
Il A Chopper Drive _ <+1V, < 20 mA +12 V at 12 kQ +10% 
12 _ B Chopper Drive 

__13 _ Ext Decimal 2 <42V, < 2.8 mA 2 46.V;, 0.0 mo 14 | __ Ext Decimal 3. < +2 V, < 1.5 mA 2 +6 V, < 0.05 mA 
15 Ext Decimal 4 ee 
16. not used a. 
17 _Ext Letter V <+2V, < 1.5 mA 2+6V, = -0.14 mA 
18 Ext Letter s 

19 _Ext Letter m 

20 Ext Letter p > 
21 _.Ext Letter n - 

22 +50 V 21% at < 25 mA _ oo 
23 F412 V ETH at < 350 mA 7 

_ 24 +3.8 V 1% at < 200 mA oe _ 
25 -50 V +1% at < 25 mA 
_ 26 not used 

27 not used 
28 not used 

_. 29 not used _ _ 
30 not used - 

31 _not used 

32 not used 
33 _. hot used 

34 _ hot used 

_..35 Program Common . ee __ 36. Ground 7 _ 

TYPE 230/R230 Page 5 of 6 
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Characteristic 

J 301 Readout Connector 

Performance Requirement 

__ False 

+12 V at 2.4 kX +10% 

> +12 V at < 1 mA 

> +12 V at < 1 mA 

+12 V at 120 kM +15% 

+12 V at 2.4 kQ +10% 

2 +10 V at < 100 2 

> +7 V at < 2.4 mA 

+12 Vat 6.2 kQ 15% 

__True__ 

_Pin _Indicates | 
1 - |< 2Vat< 20m 
2 = 

3... 2000 __} < +2 Vy, < +20 mA 

on 4 . _ 1000 — j 

ee 800 
i 6 400 So 
i, 7 200 

_ 8 100 
9 80 

10 40 
_ 11 ; 20 
__ 12 10 

13 | 8 
14 4 

_ 15. 2 <+2V, < +20 mA 
16 1 
17 not used 

18 not used oo - 

19 X_ 1072 _j =< +5 Vat < 1 mA 

20 X_10°* 
21 X_ 107+ 

i 22 Vv <2 V at < 20 m 

23. S. 
24 m 

25 LL 

26 n a 
27 Red <2 V at < 20 m 
28 Green _ 

29 Yellow 

: 30 External Hold Hold < +2 V at < 6 mA, Release 
i 31 Print Command <2 Vat < 20 mA 

32 not used 

|__33 +12 V_ Out 21% at < 350 m 
34 not_used 

i 35 not used 

36 Ground 

Ripple < 5 mV 
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TYPE 230/R230 

CHANGE TO: 

Q2421 

Q2423 

Q2425 

Q2427 

Q2431 

Q2433 

Q2481 

Q2483 

Q2485 

Q2487 

Q2489 

TENT SN B190910 

ELECTRICAL PARTS LIST CORRECTION 

151-0292-00 

151-0292-00 

151-0292-00 

151-0292-00 

151-0292-00 

151-0292-00 

151-0292~-00 

151-0292-00 

151-0292-00 

151-0292-00 

151-0292-00 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Nixie 

Nixie 

Nixie 

Nixie 

Nixie 

Nixie 

Nixie 

Nixie 

Nixie 

Nixie 

Nixie 

M15 ,364/969 

Driver 

Driver 

Driver 

Driver 

Driver 

Driver 

Driver 

Driver 

Driver 

Driver 

Driver



~ 

TYPE 230/R230 

CHANGE TO: 

R1778 

ELECTRICAL PARTS LIST AND SCHEMATIC CORRECTIONS 

SYNCHRONIZER CARD ~ Series F 

315-0753 -00 75 kQ §81/4 W 5% Model 9-up 

M15 ,856/1269



TYPE 230/R230 

ELECTRICAL PARTS LIST AND SCHEMATIC CORRECTIONS 

SYNCHRONIZER CARD Series F 

CHANGE TO: 

R1790 315-0103-00 10 kn 1/4 W 5% 

M15 ,918/170 

Model 10-up
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