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TYPE 5T3 TIMING UNIT

The Type 5T3 is an extremely wide range timing unit for use in the
Type 661 Sampling Oscilloscope. It was developed to provide a time base
that would more fully utilize the capabilities of the sampling plug-in
unit. The sampling plug-ins are essentially chopper stabilized amplifiers

with a passband from DC to frequencies as high as 3.5 GC (4S2).

The 5T3 utilizes the full passband of the sampling plug-in by
incorporating real time and equivalent time sampling techniques in the
same time base. Real time calibrated sweep rates from 5 sec/cm to .2
msec/cm and equivalent time calibrated sweep rates from 100 usec/cm to
10 psec/cm are available in a 1, 2, 5 sequence. VARIABLE controls
provide an increase in calibrated sweep rates by a factor of at least
2.5:1. The slowest sweep rate available is 5 sec/cm and the fastest sweep

rate available is about 3 psec/cm (roughly 10 times the speed of light).

Equivalent time sampling is similar to the type used in the 5TIA.
The equivalent time control is constructed to provide direct readout
time magnification.* (The EQUIVALENT TIME/CM control is the same
mechanical type device that is used to provide direct readout magnification
on the 3B4.) Time magnification from X1 to X100 is available. A TIME
POSITION control allows various portions of the time window to be
displayed on the crt. Front panel operation of the direct readout mag
and the TIME POSITION control can be compared to the A DELY'D BY B mode
of the 545A. A SAMPLES/CM control provides the same dot density

capabilities as the 5TIA.

Real Time sampling rates are 100 KC and a 60 cps FM modulated rate with
a period not shorter than 10 usec. The real time display is in the form of
dots. The 60 cps modulated rate provides a method of checking and correcting
for false displays in the sampling information presented on the crt. Real
time sweep magnification is provided by the Sweep Magnifier on the 661 main
frame. No Time Position or Dots/cm controls are provided for real time.
Dot density is a function of the sampling rate, real time sweep rate, and

the 661 Sweep Magnifier.

“Termed Time Expansion in the 5TI1A.
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Repetitive or single displays can be selected. A single display is

initiated by jabbing the START button.

The decision to build a real time sampling unit required the
development of a Schmitt type trigger. The Schmitt type trigger also
answers the need for a trigger circuit whose controls do not necessarily
require adjustment with a change in input amplitude. The Schmitt type
trigger is operative from DC to 500 MC with at least a 5 mv input. For
fast, short signals or with HF rep rates up to 500 MC, an AUTO RECOVERY
mode is provided. An UHF SYNC mode provides triggering from 500 MC to
5 GC, with an external input only. The trigger controls, LEVEL, STABILITY,
SLOPE, and SOURCE, are operated in a manner which conjures memories of

a 5L45A.

Internal, External, or Calibrator trigger inputs are selected by the
SOURCE control. A free run position is provided to help get things on
screen. AC or DC coupling for internal signals is selected at the

vertical plug-in. The calibrator signal is AC coupled.

Two external input jacks are provided. One, a BNC connector, feeds a
high impedance, 1 Meg @ shunted by approximately 30 pf, and the other, a
GR connector, feeds a 500 terminated input. AC or DC coupling can be
selected for either mode. UHF SYNC signals are applied through the 500
terminated input.

The Delayed Pulse output of the 661 should be checked when a 5T3

is used. The Delay Pulse Generator in the 661 may require readjustment.
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SPECIFICATION #116

1.0 Performance Requirements
1.1 Electrical Characteristics

The following electrical characteristics are valid throughout the
environment specified in Section 1.2 unless there is a statement
to the contrary.

The following codes are used to categorize performance requirements:

G (General Use) This performance requirement may, but not
necessarily will, be quoted to a customer.

I (Internal Use Only) This performance requirement will not be
quoted to a customer.

A (A11) It is recommended by Engineering that electrical testing
of this performance requirement be performed on 100% of instru=-
ments. Environmental testing is performed on a sample basis.

S (Sampled) This performance requirement carries a high level of
confidence and may be tested electrically and environmentally on
a sample basis.
*T (Traceable) Test equipment and test method used to measure this
performance requirement are traceable to the National Bureau of
Standards, to the limit of the Bureau's calibration facilities.

*N (Nontraceable) Cannot be traced to National Bureau of Standards.

Each performance requirement in this section will be coded in
combination as listed below:

GA-T: General Use --- 100% testing === Traceable
GA-N General Use --- 100% testing --- Nontraceable

GS-T: General Use --- Sampled --- Traceable (can be certified, re-
quiring 100% testing, at additional cost to the customer)

GS-N: General Use --- Sampled --- Nontraceable
1A: Internal Use Only --- 100% testing
I1S: Internal Use Only =--- Sampled

% These codes obtained by, and the responsibility of, Technical Writing
Department of Preproduction Engineering.
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1.2 Environmental Characteristics

The Type 5T3 is a laboratory instrument. The following environmental
lTimits apply.

1.2.1 Storage
No visible damage or electrical malfunction after storage at
-40°C to +65°C and 50,000 feet, as described in Sections 4.1
and 4.2, Adjustments may be performed to meet required
accuracy after storage tests.

1.2.2 Temperature

The instrument will perform to limits indicated in Section 1.1
over a range of 0°C to +50°C when tested according to Section

L4,1,
1.2.3 Altitude

The instrument will perform to limits indicated in Section 1.1
to 15,000 feet.

1.2.4 Vibration

The instrument will perform to limits indicated in Section 1.1
following vibration tests described in Section 4.3.

1.2.5 Transportation

The instrument will be so packaged that it will meet the
National Safe Transit requirements described in Section 4.4,



TRIGGER SYSTEM

Characteristic Performance Requirement Code | Supplemental Information
External 50-0 Input

Coupling AC, DC, and UHF Sync GS=N Lower 70% amplitude point
(=~ 3 db down) for AC coup-
ling is 500 kc, and for
UHF Sync is 1 gc.

Input Resistance 50 Q@ + 7% = 5% GA-T Input R remains at 500
level regardless of
coupling,

Dynamic Range * 5 mv to 150 mv GS-T

Maximum Overload *5v

Triggering Frequency Lower frequency limits

Range refer to sinewaves only.
X i Frequency range verified
DR v Ly G SUY e GAST in Trigger jitter tests.
AC Coupling 500 ke to 500 mc GA-T
UHF Sync Coupling 500 mc to 5 gc GA-T
External 1-Megohm Input

Coupling AC or DC GA-N Lower 70% point for AC
coupling: 160 cps
(coupled through 0.001 pf
capacitor).

Input Resistance 1 megohm * 20% GA-T Shunted by = 30 pf

Dynamic Range + 50 mv to 1.5 v GS-T

Maximum Overload

+ 100 v

a-1



TRIGGER SYSTEM (continued)

Characteristic Performance Requirement Code | Supplemental Information
Triggering Frequency DC to 20 mc (DC), 160 cps to 20 mc (AC) GA-T AC lower frequency limit
Range refers to sinewaves only.
Frequency range verified
in trigger jitter tests.
Internal Triggering
Coupling DC GS-N AC or DC coupling selected
in vertical unit.
Frequency Range GS-T DC to ~ 1 gc
Trigger Circuit Recovery GS-T Typically 12 usec. Slower
Time on sweep rates below 0.1
usec/cm.
Real Time 2 10 pusec
Equivalent Time 2 10 psec, or 2 4X Time Position Range GA-T
Trigger Jitter Checked with 20 nsec time-
Equivalent Time (Externall < 70 psec for 2 gc, 5 mv p051t10? ramp, using sine-
UHF Sync Mode) wave trigger-input signal.
< 70 psec for 5 gc, 10 mv GA-T Voltage values are peak-to-
< 30 psec for 5 gc, 50 mv peake
< 30 psec for 2 gc, 10 mv
Equivalent Time (Auto < 300 psec for 5 mv at 500 mc applied to 50-0
Recovery) external input, or 40 mv at 500 mc applied to
481 with internal triggering. GA-T

< 70 psec for 50 mv at 500 mc applied to 50-Q
external input, or 400 mv at 500 mc applied to
4S1 with internal triggering.




TRIGGER SYSTEM (continued)

Characteristic Performance Requirement Code | Supplemental Information
Pulse Triggering (Auto < 300 psec for 5 mv at 50-Q external input or Pulse shape: 2 nsec wide
Recovery or Schmitt) for 40 mv at 4S1 input with internal triggering, at 507% amplitude points,

< 100-kc repetition rate. GA-T | 1 nsec or less risetime,

< 30 psec for 50 mv at 50-Q external input or
400 mv at 4S1 input with internal triggering,
< 100-kc repetition rate.

Checked with 20 nsec time-
position ramp.

L-1



SWEEP SYSTEM

Characteristic Performance Requirement Code | Supplemental Information
Strobe Period
Equivalent Time 2 10 psec GS-T
Real SEime (ealibralsd 10 psec *17% A=d Set by LC controlled
REE) oscillator
Real Time (random rate) 10 psec minimum; 15 psec maximum GA-T | 60 cycle modulated
Calibrated Sweep Rates
Equivalent Time 10 psec/cm through 100 usec/cm GA-T | In 1-2-5 sequence
Real Time 0.2 msec/cm to 5 sec/cm GA-T | In 1-2-5 sequence
Sweep Rate Accuracy
Basic Accuracy * 3%, real time or equivalent time
Real Time Exclude first 20 psec All real-time sweep rates
Equivalent Time
Time-Position Range
20 nsec Exclude first 3 nsec of ramp GA-T
100 nsec Exclude first 10 nsec of ramp
1 psec Exclude first 40 nsec of ramp

10 pusec, 100 psec
and 1 msec

Exclude first portion of ramp equal to 1.5%
of the time-position range




SWEEP SYSTEM (continued)

Characteristic Performance Requirement Code Supplemental Information
Variable Range 2 2.5:1 GS-T | Real Time or equivalent
time
Display Jitter
Real Time < 1 wpusec, for 100 kc Cal triggering and < 10 usec GS-T
for 1 megohm external triggering Triggering on 200mv, l-kc
signal from a square-wave
calibrator (amplitude cali-
brator of 530-540 series
oscilloscope).
Equivalent Time
20 nsec Time-Position GA=T
Range < 30 psec Triggering on pulse 2 nsec
wide at 50% amplitude and
100 nsec Time-Position GA-T | risetime of 1 nsec or less,
Range < 40 psec 400 mv p-p applied to 4S1
v with internal triggering
1 psec, 10 psec, 100 < 2 X 10 * of total ramp duration GA-T | used

pusec and 1 msec Time-
Position Ranges

6-1



COMPETITION: Below is a comparision chart for the 5T3 and some of the more competitive Sampling Time Bases

5T3 5T1A Lumatron Model 2170 H.P. 185B
TD Schmidt = for normal
- . TD one shot TD one shot TD one shot
trigger modes TD one shot for hi freq s . . .
99 SOBeinpzf Zr 1 1req synel 500 input Z 100 Q input Z 50Q input Z
trigger freq range DC to 5KMC DC to 1 KMC To3KMC (DC external) to > 1KMC
trigger sensitivities | Smv 5mv, 2nsec wide pulse 5-10mv, 2nsec wide pulse 15 to 200mv,

5nsec wide pulse

Sweep Speeds
(equivalent time)

100 psec to 10 psec (+3%)
(see below for real time)

100 psec to 10 psec (£3%)

100 psec to 10 psec (£3%)

10 psec to 100 psec
(£5%)

Delay Ranges

Range indicated on front
panel -- (20 nsec to
1 msec)

Various ranges
not indicated --
(10 nsec to 1 msec)

Not indicated
fixed 10 and 20 nsec
X2 screen diameters
20 msec to 2nsec

Not indicated
1 screen diameter

Samples/cm

5, 10, 20, 50, 100, 1000

timed

5, 10, 20, 50, 100, 1000

timed

5, 10, 20, 50, 100

Continuous
=~7-100 samples/cm

Real time sampling

200 psec/cm to 5sec/cm in

1 msec/cm and 10 msec/cm

capability 1,2,5steps (I meg Qinput Z) | None ranges only (100Q input Z) | None
Display is dots Display is 10 psec slashes
Price $900 $750 6750 Part of main frame

priced at $2000

Paul J. Whitlock

olL-1
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CONTROLS AND CONNECTORS

TRIGGER
TRIG LEVEL (black knob):

Adjusts threshold of TD Pseudo Schmitt. When the STABILITY is set
at approximately 12 o'clock and the SLOPE is set to +, a slight adjustment
of the LEVEL in the - (minus) direction (CCW) will cause the sweep to free
run. If the SLOPE is set to -, a slight adjustment from 12 o'clock in the
+ direction (CW) will cause the sweep to free run. Larger adjustments cause

the sweep to stop again.

TRIG LEVEL “  TRIG LEVEL

STABILITY OR
UHF SYNC

STABILITY or UHF SYNC

AUTO
RECOVERY

STABILITY OR UHF SYNC (red knob):
Adjust upper and lower command levels (hystersis width) of the Pseudo

Schmitt. If set CW from 12 o'clock, sweep can free run with proper adjustment
of the TRIG LEVEL control. |If set anticlockwise from 12 o'clock, sweep shuts
down.

In UHF SYNC, adjusts threshold current (low state bias) of one shot

TD trigger regenerator.

If control is rotated fully CW, into its detent (like click), AUTO
RECOVERY mode is selected for Pseudo Schmitt trigger, except in UHF SYNC.



SLOPE: (red knob)

Allows selection of + and - slope by controlling the phase of the signal

applied to the Pseudo Schmitt.

;su TRIG S()Uﬂ(.E/TR'G SOURCE

FREE

vy SLOPE

‘ INT CAL
A EXT TRIG MODE

b b e e i

TRIG SOURCE (black knob):
Selects CAL, EXT, INT, or FREE RUN.
FREE RUN: Provides method of finding trace.

INT: Available with 4S1 only. AC or DC coupling selected in
the L4SI.

CAL: Provides 100 mv AC coupled signal.

EXT: Provides a variety of signal couplings which are selected
by the EXT TRIG MODE control.

EXT TRIG MODE:

Selects high impedance or 500 terminated inputs.

L" EXT TRIG MODE

EXT TRIG MODE

mSEC

} 50N

EXT TRIG 1MAN
INPUTS
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HIGH IMPEDANCE: 1 Meg shunted by approximately 30 pf. AC or DC
coupling.

DC: DC to approximately 20 MC.

AC: 160 cps (.001 pf coupling cap) to approximately
20 MC.

50 mv to 1.5v p-p, 100v max. overload.

AC, DC or UHF SYNC coupling
to 5 GC

353&,?\ AC or DC coupling

|
j to 20 MC

OREGON, U S A

500 TERMINATION: 500 +7%, =5%, input R remains at 500 regardless of
coupling. AC, DC, or UHF SYNC coupling.

DC: DC to 500 MC.
AC: 500 KC to 500 MC.

UHF SYNC: 1 GC (70% down) to 5 GC. (Usable to
below 500 MC)

5 mv to 150 mv p-p. 5v max. overload.



EQUIVALENT TIME

EQUIVALENT TIME/CM:

A mechanical complex which includes the EQUIVALENT TIME/CM readout,
direct readout TIME MAGNIFIER, and TIME POSITION RANGE indicator. This is
the same mechanical control that is used in the 3B4. Manipulation and
interpretation of this device requires some thought and therefore will be

explained in a special section. See page 1-20

513 1TIMING UNII

M —,
0 LEClUlVALENT TIME /CM

TIME POSITION RANGE
PCALRVARIAS (5% UNCAL
AL iy & e

10

T REAL TIME/CM

VARIABLE :
Provides an increase of sweep rate by a factor of at least 2.5:1.

When switch is rotated CW from the CAL position, the UNCAL neon comes on.

SAMPLES/CM:
Selects 5, 10, 20, 50 100, 1000, and TIMED.

SAMPLES/CM

SAMPLES/CM
g
©
a l;
2
|
|

Timed Adj.:
A screwdriver adjustment which controls the scan rate in the TIMED

oWy

4 X

«————  TIMED ADJ
r

position. When set full CCW, sweep rate must be slower than 5 sec/CM and

when set full CW, sweep rate must be faster than .5 sec/CM.
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TIME POSITION:

A COARSE (black knob) and a FINE (red knob) control which selects the
portion of the time window that is displayed on the CRT. See special
section on the EQUIVALENT TIME/CM control which begins on page 1-20

—

TIME POSITION

TIME POSITION [‘
_FIne 00 48

FINE

REAL TIME

REAL TIME/CM:
Selects the REAL TIME/CM sweep rate.

~——— REAL TIME/CM
PeaLiiARi Ao Y

uncal

VARIABLE :
Provides an increase in sweep rate by a factor of at least 2.5:.

When switch is rotated CW from the CAL position, the UNCAL neon comes on.



SAMPLING RATE:
Selects 100 KC or RANDOM (60 cps FM modulated) rate for real time

sampling.

SWEEP

SWEEP MODE:
Selects NORM (repetitive) or SINGLE DISPLAY.
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START:
Single display is initiated by pressing START button.

1 SWEEP SAMPLING
MODE RATE

NORM RARDOM
Iy
INGLE ; ¥ 1
DISPLAY 00 KC g

START

TEXTRONIX

CONNECTORS

BNC:

High Impedance external trigger input.

GR:

500 terminated external trigger input.
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HOW THE FRONT PANEL PLAYS

Unfortunately, there is a problem which is inherent in the design of the
5T3. The problem is that the operator will be required to think to operate
the front panel controls correctly. |If the operator wishes to utilize the
complete capabilities of this box, he may even need to think clearly (a
constant source of irritation in itself). The following discussion concerns

manipulation and interpretation of the front panel controls.

TRIGGERING

The 5T3 has three distinct trigger modes. They are Pseudo Schmitt, Auto
Recovery, and UHF Synce.

PSEUDO SCHMITT

The TRIG LEVEL, STABILITY and SLOPE controls govern the operation of the
Pseudo Schmitt trigger. Other controls, like the TRIG SOURCE and EXT

TRIG MODE, tell us how the signal gets to the Schmitt, but they do not control

the operation of the Schmitt. Our interest in the SLOPE control is due to
its affect on the TRIG LEVEL, not its control on the Schmitt.

We will assume the trigger circuits are properly adjusted, as described in
the Training Calibration Procedure, and that the scope has been running

for about 15 minutes to allow the '"thermals' time to settle down.

1. Before we apply an input signal and tweak for a stable display, we
will, of course, have to play with the controls to get the feel of
things.

a. Set the SLOPE to - (minus), the TRIG LEVEL full CCW, and
STABILITY to 12 o'clock. There should not be a display on
the crt.

b. If we set the STABILITY to 2 o'clock and slowly rotate the
TRIG LEVEL CW, the trace should free run as the TRIG LEVEL is
set at approximately 12 o'clock. (No fair setting the TRIG
SOURCE to FREE RUN.) If the TRIG SOURCE is set to CAL and the
661 Calibrator is turned on, this ain't gonna work the way

what we say it does.
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c. We can shut the sweep down (1) by rotating the TRIG LEVEL
full CW or full CCW. (2) by rotating the STABILITY CCW
towards 12 o'clock, or (3) by setting the SLOPE to + (plus).

d. |If we set the SLOPE to + and the STABILITY to 2 o'clock, we
can cause the sweep to free run by rotating the TRIG LEVEL
slightly CCW from 12 o'clock. We can turn the sweep off
(1) by rotating the TRIG LEVEL full CW or full CCW,

(2) by rotating the STABILTIY CCW towards 12 o'clock, or
(3) by setting the SLOPE to - (minus).

The STABILITY control sets the hystersis width of the Pseudo Schmitt. The
TRIG LEVEL control sets the threshold level of the Pseudo Schmitt. As we
have seen, it is possible to adjust these controls so the hystersis width
and threshold level overlap, which can cause the TD Schmitt to flip and
produce a free running sweep. The SLOPE control reverses the DC voltages
applied to the TRIG LEVEL pot. When we go to - SLOPE, the TRIG LEVEL
control feels ''right'. The box has been '""human engineered'' to give the
feel of a 540 type scope.

2. Let us assume we are applying 800 mv at 1 MC from a Type 190B. We
will further assume that this signal is within the passband specs
and is attenuated to be within the minimum-maximum amplitude specs
for whichever coupling-source combination we choose.

a. Set the SLOPE to + and the TRIG LEVEL and STABILITY to
12 o'clock. Now set the STABILITY CW until the sweep free
runs; then back off just past the free running point. (The
sweep may appear to be ''triggered' or it may disappear.)

b. Adjust the TRIG LEVEL for a stable display.

c. Set the SLOPE to - and, if necessary, readjust the TRIG LEVEL
(and possibly the STABILITY) for a stable display. When the
sweep is 'triggered', we can switch from + to - SLOPE and
maintain a stable display WITHOUT an adjustment of the

trigger controls.
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d. As noted previously, it is possible to free run the sweep
at various TRIG LEVEL and STABILITY settings. To insure
we are not synced to a free running sweep in either + or -
SLOPE, remove the trigger signal. Switch the SLOPE from
+ or -, and .check for no display.

e. When the trigger controls are properly adjusted, a stable
display will be obtained in + and - SLOPE and the sweep will
shut down in + and - SLOPE when the trigger signal is

removed.

AUTO RECOVERY

The Auto Recovery mode was included to provide stable triggering for fast,

low energy pulses with rep rates up to 500 MC. In this mode, the Pseudo
Schmitt circuitry acts as a one-shot multi. The one-shot multi feeds an
output TD. This mode will operate similar to the trigger recovery logic
of the 5T1A. |If the TRIG LEVEL is adjusted for a coherent countdown,

in phase triggering will result. To select Auto Recovery, the STABILITY
control is rotated fully CW into its detent. The SLOPE control affects
the TRIG LEVEL as it did in the Pseudo Schmitt mode.

The Auto Recovery mode can be said to operate halfway between Schmitt
type triggering and UHF Sync. The Department of Descriptive Terminology
might say we are synced to a semi-free running sweep. We can insure the
sweep is not free running by removing the trigger signal. We can not
expect the display to remain stable while switching the SLOPE control.
This mode works well with small energy trigger pulses, but you can run
into false display problems with long duration pulses, square waves, and
LF sine waves. A small energy pulse would be something like 10 mv from

a Type 111 without a charge line (approx. 2n secs wide).

UHF_SYNC

UHF Sync provides triggering for signals from 500 MC to 5 GC. In this
mode the trigger signal is fed directly to a one-shot TD oscillator.

The STABILTIY control adjusts the threshold of the one-shot TD to provide
a coherent countdown. The input signal is synced to a free running

sweep.
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NOTES
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EQUIVALENT TIME READOUT

To better understand what is accomplished by manipulating the EQUIVALENT
TIME/CM control, let us briefly review the generation of a sweep in the
661 sampling scope. Figure 1=1 shows the basic block diagram of a sampling

time base.

The purpose of the time base is to provide a time reference signal. This
time reference signal in conjunction with the samples of the input signal
form a composite waveform which is a replica of the signal applied to the

vertical plug-in.

To form an exact replica of the input signal, we must take samples at a
number of points along the input. The simplest way is to sample in a
direct line as opposed to random sampling. In the present method of

sampling, samples are taken successively along the input signal.

The following is a chronological list of the events which occur as a time
reference signal is generated. All the circuits are in their quiescent state,
awaiting a trigger pulse which will initiate the sampling process.
1. A trigger is generated.
2. The trigger is sent to the Fast Ramp circuit and the Staircase
Generator.

a. The trigger unlocks the Staircase Generator and allows it to
receive an input signal.

b. The trigger causes a fast ramp (sawtooth type signal) to be
generated. The fast ramp is the time reference for the
input signal and is much the same as the Miller sweep of a
real time scope.

3. The fast ramp signal fires the Comparator.

a. Since we are at the start of the sweep, there is no feedback
from the Horizontal Amplifier to affect the firing point of
the Comparator.

b. For the present we will ignore the affect of the TIME POSITION

control.
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Since we are only concerned with the affect of the fast

ramp signal on the Comparator, we will assume the Comparator
fires coincidentally with the start of the fast ramp.
Comparator sends a signal to the Regenerator and may also reset
Fast Ramp. (The Fast Ramp can be reset by the Trigger Generator.
Regenerator fires.

A signal is sent to the vertical which causes a sample to

be taken. This signal is termed an interrogate pulse (or
stroke pulse).

The Regenerator also sends a signal to the Staircase Generator
which causes it to make one step.
size of the step taken by the Staircase Generator is determined
ircuitry within the Staircase Generator. The Regenerator only
s the Staircase Generator to step; it cannot tell the Staircase
rator what size step to take.
output of the Staircase Generator is sent to the Horizontal
ifier.

Horizontal Amplifier signal is applied to the crt. A portion
he signal in the Horizontal Amplifier is fed back to the
arator through the Staircase Inverter.

output of the Staircase Inverter opposes the Fast Ramp signal.
Before the Comparator can fire, the Fast Ramp signal must
overcome the offset signal that has been applied by the
Staircase Inverter.

The amplitude of the offset signal is proportional to the

size of the step taken by the Staircase Generator.

a second trigger is generated, it again is sent to the Fast
and the Staircase Generator.

Since the Staircase Generator is unlocked, it will not see

the new trigger signal. The only time the trigger affects

the Staircase Generator is when the Stabrcase Generator is

in its quiescent state and is ready to be unlocked.
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The Fast Ramp again generates the time reference sawtooth signal.

a. The Fast Ramp must run for a longer period before the
Comparator will fire. The Comparator will not fire until
the Fast Ramp signal has overcome the offset signal from the
Staircase inverter.

The Comparator signal is again applied to the Regenerator and the

Regenerator supplys the .interrogate pulse for the vertical and

the step signal to the Staircase Generator.

The Staircase Generator steps and applies a signal to the

Horizontal Amplifier which is amplified and sent to the crt.

The feedback signal from the Horizontal Amplifier will increase

proportionally to the size of the step taken by the Staircase

Generator.

Since the feedback signal has increased, the Fast Ramp must run

even longer before it can overcome the feedback signal.

This sequence will repeat itself until the Staircase Generator

has stepped up to the point where it will unlatch and reset

(10.5 cm of sweep). The unlatching and resetting of the Staircase

Generator is similar to the resetting of the sweep generator in

a real time scope.

We can also describe the events outlines above in terms of time. For

example, we will select an EQUIVALENT TIME readout of 10 usec/cm to be

displayed at 10 samples/cm. A trigger is necessary for each sample and the

time of the trigger pulse will be labeled To.

Thus we have:

T

0 .

First trigger - Staircase Generator is unlocked and Fast Ramp

is started.
First sample - Staircase Generator steps - feedback is applied to
Comparator through the Staircase Inverter.

Second trigger - Fast Ramp started.

Second sample - the time/cm and samples/cm combination dictate
that the Fast Ramp must run 1 psec longer before the second

sample is taken.

¢ Etc.
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We have now reached the point where we can no longer successfully ignore
the Time Position block. The TIME POSITION control provides a DC bias to
the Comparator which opposes the Fast Ramp signal. This DC bias actually
controls the length of time the Fast Ramp must run before the first sample
can be taken. The TIME POSITION control is actually a delay type control
in that it controls the time between the first trigger pulse and the first
sample. After the first sample, the other samples will be spaced as
described above. The TIME POSITION control determines when the first
sample will be taken and the feedback signal from the Staircase Inverter

determines the length of each Fast Ramp excursion.

It might now be appropriate to say how these conditions are effected from
the front panel. The EQUIVALENT TIME/CM control has two indicators. The
first indicator is the blue rectangle on the clear plastic skirt and the
second indicator is the white dot on the black knob. The blue rectangle
indicates the amount of Time Position (time window or delay) that is
available and it also indicates which ramp slope is used. The white dot
always indicates the Equivalent Time/cm Readout on the crt. A comparison

of the settings of the two indicators shows the magnification factor.

Let us set the blue rectangle and the white dot so they are aligned at 10
usec/cm. The blue rectangle is within the 100 psec blue bracket that is
scribed around the perimeter of the clear plastic skirt. The white dot
is aligned with 10 pusec as read through the clear plastic skirt. See

figure 1-2.

Figure 1-2
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We have the following information with this set-up.
1. The delay that can possibly be introduced by the TIME POSITON
control is 100 usec. Delay increases as the control is set
from full CW (minimum) to full CCW (maximum).
2. The Equivalent Time/cm Readout on the crt is 10 pusec/cm.
3. When the indicators are aligned, the magnification factor is 1.
L. We are using what is termed the 100 pusec ramp slope.
We can obtain an Equivalent Time/cm Readout of 5 psec with the 100 psec ramp
slope in two ways. The first is to rotate the EQUIVALENT TIME/CM control
one position to the right. Both the black knob and the clear plastic
skirt will be rotated. The second is to PULL OUT the MAGNIFIER (black knob)
until it unlocks from the clear plastic skirt. Now rotate the black knob
one position to the right. The clear plastic skirt will not move. See
Figure 1-3 A and B.

Figure 1-3

Mechanically we have performed two different tasks but electrically, the
results are the same. The circuitry of the 5T3 cannot differentiate between
these two operations. In each case we are using the same 100 psec ramp slope
(the blue rectangle is within the 100 psec blue bracket). The delay
capabilities of the TIME POSITION are the same. In both cases, rotating the
white dot one position to the right has changed the feedback signal from the

Staircase Inverter to the Comparator.
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With a sweep length of 10.5 cm, 105 samples must be taken to complete one
sweep. For the last sample, the Fast Ramp must run 105 pusec longer than

it did to take the first sample. In this example the equivalent time
between samples is 1 psec. |If we had 100 samples/cm, the equivalent time
between samples would be 0.1 psec. To take the last sample, the fast

ramp must still run 105 psecs. |In our original example, [t took 105 samples
to complete the display and 105 fast ramps to make 105 samples. In the
second case, it takes 1,050 samples to complete the display and 1,050 fast

ramps to make 1,050 samples.

A change in Equivalent Time/cm Readout on the crt can be obtained by
changing the slope of the fast ramp. In the 5T3, fast ramp timing caps
are switched in decade steps to provide a change in ramp slope. Thus, for
a 2, 5, and 10 psec times a specific cap is used; for the 20, 50 and 100

psec times another cap is used; and so on.

To obtain the 1, 2, 5 timing sequence, we have decided to change the feedback
signal to the Staircase lInverter rather than change the fast ramp slope.

This method has many advantages, some of which are: (1) the charging

current in the Fast Ramp circuit is constant; (2) minimum mechanical switching
in the "faster" circuitry; (3) a greater number of equivalent time/cm readouts
can be obtained with each ramp slope. If we return to the conditions outlined
in the first example, we had an equivalent time of 1 usec between samples.

If the equivalent time readout is changed to 5 pusec/cm, the equivalent time
between samples is 0.5 psec. Thus the Fast Ramp must run 0.5 psec longer

to make each sample. For the 105th sample, the fast ramp must run 52.5 psec.
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