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LA 501 Features

The LA 501 Logic Analyzer is designed for rapid troubleshooting of digital equipment. The simultaneous multi-channel
raster can be displayed on almost any low-frequency X-Y monitor or oscilloscope.

The 4096-bit memory can be formatted into 4 channels of 1024 data bits, 8 channels of 512 data bits, or 16 channels
of 256 data bits, for a wide range of bit serial, byte serial, or word serial data.

The flexible external (synchronous) or internal (asynchronous) sample rate clock capability will accomodate nearly all
of the logic family speeds in use.

Three trigger delay modes (PRE, CENTER, and POST) allows selection of the best mode for the application. Negative
trigger delay (PRE) allows analysis of the sequence of events that precede a fault trigger.

Digital data outputs provide a serial or parallel format to “loop back’ stored data to a computer for quick error checks.
This feature allows analysis or logging of data while viewing it, or it can be used without a display device.

Horizontal and vertical magnification, with positioning, provide high resolution. A unique vertical positioning system
allows the selection and positioning of any one trace for timing comparisons with other traces in the raster.

The LA 501 can be powered by any TM-500-series power module which has three-unit, or greater, capability.

1967-1
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Section 1—LA 501

OPERATING INSTRUCTIONS

TM 500-SERIES INSTRUMENTS

The LA 501 Logic Analyzer is a member of Tektronix’
growing TM 500 line of Test and Measurement Instruments.
This product line consists of both general- and special-purpose
instruments such as digital multimeters, counter-timers,
variable dc power supplies, pulse generators, function gener-
ators, calibration sources, oscilloscopes, signal processors,
and others. Each instrument is a plug-in module. Power-
module mainframes with 1, 3, 4, 5, and 6 compartments are
available. The power module provides power and an overall
housing for the plug-in modules, and permits internal signal
interconnections between plug-in instruments to reduce
clutter or to allow two or more instruments to perform a
function which neither could perform alone. Each user can
thus select from a broad choice of instrumentation to
assemble a multi-function test set to fit his needs. This test
set is compact and portable; yet it can be quickly recon-
figured by exchanging plug-in instruments when test needs
change. TM 500 systems can be configured for benchtop,
rackmount, roll-about, and portable applications. For more
information on the TM 500 line, please contact your Tek-
tronix Field Office or representative.

SAFETY INFORMATION

The following warnings must be observed during maintenance
and adjustment of the LA 501.

Component Replacement

To avoid electrical shock, disconnect the LA 501 from the
power source before replacing components.

and indicators. More information is given under Detailed
Operating Information in this section.

Several connectors and switches are located inside the
LA 501. These are described under Internal Connectors
and Switches in this section.

INTERNAL CONNECTORS AND SWITCHES

Figure 1-2 shows the location of the internal connectors and
switches. A brief description of these internal functions is
given here. More information is given under Detailed Oper-
ating Information in this section.

Data Input Connector

Multi-pin connector for use with the Data Acquisition Probe
to provide the following functions:

DATA INPUTS. Provides input for each of the 16 channels
(selected when the front-panel INPUTS switch is in the
PROBE position).

CLOCK OUT. Provides signal output from the internal
clock.

INVALID MODE. Provides an input to indicate an external-
source sample interval that is too fast for the selected memory
format (selected by jumper-connector P300).

Soldering Data Output Connector

To avoid electrical shock, disconnect the LA 501 from the
power source before soldering.

Semiconductor Replacement

Semiconductors that have heat radiators use silicone grease
to increase heat transfer. When one of these semiconductors
is replaced, the silicone grease must also be replaced. Handle
silicone grease with care. Avoid getting silicone grease in
eyes. Wash hands thoroughly after use.

FRONT-PANEL CONTROLS,
CONNECTORS, AND INDICATORS

The major controls and connectors for operation of the
LA 501 are located on the front panel. Figure 1-1 shows
and briefly describes the front-panel controls, connectors,

@

Multi-pin connector with the following functions:

PARALLEL DATA OUTPUT. Provides outputs for each of
the 16 memory channels.

SERIAL DATA OUTPUT. Provides an output for serial
data from the memory.

FLAG OUTPUT. Provides an output that indicates the start
of each channel of data.

FORMAT OUTPUT. Provides an output that indicates
memory format (selected by jumper-connector P300).

1-1



Operating Instructions—LA 501
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TEKTRONIX®

SAMPLE INTERVAL Switch—Selects data input sample interval. The EXT position selects input from the EXT CLOCK
connector. The knob skirt lamp blinks when the sample interval is too fast when in 8 or 16 channel record format.

@ INPUT—

THRESHOLD Control: Provides a variable threshold voltage level for data input channels (selected by VAR switch).
MONITOR Pin Jack: Provides an output to monitor the dc threshold voltage level of the data input channels.

VAR Switch: Selects the variable THRESHOLD control.

TTL Switch: Selects a preset data input threshold voltage level for TTL logic.

ECL Switch: Selects a preset data input threshold voltage level for negative voltage ECL logic.

1-2

Fig. 1-1. Front-panel controls, connectors, and indicators.
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Operating Instructions—LA 501

@ TRIGGER—-

TRIG'D Indicator: Lights when record circuit has received a trigger signal.

POST Switch: Setects data to be stored after the trigger.

CENTER Switch: Selects data to be stored before and after the trigger.

PRE Switch: Selects data to be stored before the trigger.

SLOPE Switch: Selects the positive or negative-going edge of the record trigger signal.

SOURCE Switch: Selects Channel 0 or EXT TRIG connector for record trigger source.

RECORD—

DISPLAY TIME Control: A variable control sets the time which memory stored data will be held for display before a
new record cycle begins.

MANUAL Switch: A push button switch which resets the trigger circuit to start a new record cycle.

CHANNEL/POSITION—
SELECT Switch: Selects any channel for positioning within the raster.

POSITION Control: Vertically positions channel selected by SELECT switch.

INPUTS Switch—Selects data input signals from CH 0 through CH 3 front-panel BNC high impedance connectors or the
internal low impedance DATA INPUT connector.

MAG/POS Controls—Provides variable vertical magnification {X1 to X5) and vertical positioning of the displayed raster.

MAG/POS Controls—Provides variable horizontal magnification (X1 to X10) and horizontal positioning of the displayed
raster.

Z BLANK OUT Connector—BNC connector for output of crt retrace blanking pulses.
X HORIZ OUT Connector—BNC connector for output of horizontal (X-axis) display signal.
Y VERT OUT Connector—BNC connector for output of Y-axis display signal.

CH 0 Through CH 3 Connectors—BNC connectors for data inputs with 10X probes (selected by INPUTS switch in the BNC
position).

MONITOR Probe-Tip Connector—Provides output to monitor the EXT CLOCK connector when compensating high impe-
dance 10X probes.

EXT CLOCK Connector—BNC connector for input of external sampling clock signal (selected by SAMPLE INTERVAL
switch in the EXT position).

EXT TRIG Connector—BNC connector for external input to record trigger circuit (selected by SOURCE switch in the EXT
position).

FORMAT-—
CH 0-3 X 1024 Switch: Selects channel 0 through channel 3 for data recording with 1024 bits of memory per channel.

CH 0-7 X 512 Switch: Selects channel 0 through channel 7 for data recording with 512 bits of memory per channel.

Maximum sample interval is 50 nanoseconds.

CH 0-15 X 256 Switch: Selects channel 0 through channel 15 for data recording with 256 bits of memory per channel.
Maximum sample interval is 20 nanoseconds.

1967-6

Fig. 1-1. Front-panel controls, connectors, and indicators. (Continued)
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Operating Instructions—LA 501
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1967-12

Fig. 1-2. Location of internal connectors and switches.

DISPLAY-STORE MODE QUTPUT. Provides an output to
indicate whether the memory is in a Display or Store Mode
(selected by jumper-connector P300).

FRAME OUTPUT. Provides an output to show a complete
memory scan when reading the memory serially (selected
by jumper-connector P300).

DISPLAY-CLOCK OUTPUT. Provides an ECL-leve! clock
output during the Display Mode (selected by jumper-connec-
tor P300).

Z-AXIS INPUT. Provides an input to intensify a crt display
via the front-panel Z BLANK QUT connector.

14

RECORD ENABLE. Provides an input to set the memory
into a Store Mode.

EXT DISPLAY CLOCK INPUT. Provides an input to read
the memory with an external clock signal {(ECL level).

@External Clock Threshold Switch (S848)

Selects the external clock threshold level source. In the up
position, threshold levels are selected by front-panel INPUT
switches VAR, TTL, or ECL. In the down position, a fixed
ECL threshold level is selected.
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ﬂ (@Blanking Polarity Switch (S720)
Selects the polarity of the blanking pulses at the Z BLANK
n OUT connector. In the up position, the blanking pulses are

+5 volts {positive blanking signal). In the down position,
the blanking pulses are —5 volts (negative blanking signal).

n @Display Clock Switch (S835)

A three position switch that selects the source of the display
n clock signal applied to the clock gate. In the up position,

an ECL input clock signal from the DATA OUTPUT connec-

tor is selected. In the center position, the front-panel EXT
CLOCK connector is selected. In the down position, the
500 kHz internatl display clock signal is selected.

INSTALLATION

The LA 501 is calibrated and ready for use when received.
It is designed to operate in a TM 500-series power module
only. Before proceeding with installation, check that the
internal switches and jumpers are set as necessary to operate
the LA 501 with the associated equipment. For more
information, refer to Internal Connectors and Switches in
this section.

Operating Instructions—LA 501

NSNS ST S N

; CAUTION
A VNN

Turn the power module off before inserting or
removing the LA 501, otherwise, damage may
occur to the LA 501 circuitry.

To install (refer to Figure 1-3), align the upper and lower
rails of the LA 501 with the power module tracks and fully
insert it. The front will be flush with the front of the power
module when the LA 501 is fully inserted.

To remove the LA 501, pull on the release latch at the
bottom of the front panel and the LA 501 will unlatch. Con-
tinue pulling on the release latch to slide the LA 501 out of
the power module.

32 33 3 3 A

D)

.

BARRIER

TOP
GROOVE

BARRIER

PLUG-IN

BOTTOM
GROOVE

RELEASE
LATCH

1967-4
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Fig. 1-3. LA 501 installation and removal.
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Operating Instructions—LA 501

FUNCTIONAL CHECK

The following procedure provides a method to check the
basic operation of this instrument. The procedure can be
used for incoming inspection to verify proper operation.
The procedure can also be used by the operator for instru-
ment familiarization or system troubleshooting.

Functions only are checked in this procedure. Measurement
quantities and tolerances are not checked. Therefore, a
minimum amount of test equipment is required.

Test Equipment Required

The following test equipment was used as a basis to write
the Functional Check procedure. Other test equipment,
which meets the requirements, may be substituted. When
other equipment is substituted, the control settings or set up
might need to be altered.

1. Test Oscilloscope

Description: Frequency response, dc to 500 kilohertz
minimum; deflection factor, 50 millivolts to 2 volts/
division. Test oscilloscope must have an external Z-axis
input. Time base should have an external horizontal
amplifier input with deflection factor of 50 millivolts/
division.

Type Used: Tektronix 5403/D40 Oscilloscope system
with BA45 Amplifier, and 5B40 Time Base.

2. Power Module

Description: Tektronix TM 500-series power module
with 3 or more plug-in compartments.

Type Used: Tektronix TM 503 Power Module (used
with the LA 501 and pulse generator).

3. Pulse Generator

Description: Frequency range, 10 kilohertz to 10 mega-
hertz minimum; output amplitude, minus 2 volts to plus
2 volts with 50-ohm output impedance.

Type Used: Tektronix PG 502 Pulse Generator (used
with TM 503 Power Module).

1-6

4, Cables (5 Required)

Description: Impedance, 50 ohms; length, 18 inches
(2 needed), 42 inches {3 needed); connectors, BNC.

Type Used: Type RG-58/U, 560 ohm coaxial, Tektronix
Part 012-0076-00 (18 inch), Tektronix Part 012-0057-01
(42 inch).

5. Termination

Description: Impedance, 50 ohms; connectors, BNC.

Type Used: 50-ohm termination with BNC connectors,
Tektronix Part 011-0049-01.

6. T Connector
Description: Connectors, BNC-to-BNC.

Type Used: BNC-to-BNC T connector, Tektronix Part
103-0030-00.

Preliminary Set Up

1. Within the LA 501, set the slide switches as follows (see
Figure 1-2 for switch locations):

a. Display Clock switch (S835), set to down position for v

internal Display Clock.

b. External Clock Threshold switch {S848), set to up
position for front-panel selection of threshold level.

c. Blanking Polarity switch (S720), set to down position
for negative Z-axis blanking.

NOTE

If the Tektronix 5403/D40 test oscilloscope is
not used, check the oscilloscope or monitor
instruction manual for the required Z-axis
blanking polarity.

2. Install the LA 501 in the 2 right side compartments and
the pulse generator in the left compartment of power module
(see Figure 1-4).

3. Turn on power module and test oscilloscope system.
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4. Set pulse generator for 10 kilohertz square wave. Using
a O-volt base-line reference, set output amplitude to +0.25
volts.

5. Connect cables from LA 501 to test oscilloscope as shown
in Figure 1-b.

6. Set LA 501 controls as follows:

SAMPLE INTERVAL 1 us

INPUT TTL
FORMAT CH 0-3 X1024
TRIGGER POST
SLOPE (+)
SOURCE CHO
INPUTS BNC
DISPLAY TIME 1s
CHANNEL SELECT OFF
Vertical MAG X1 (NORM)
Vertical POS Midrange
Horizontal MAG X1 (NORM)
Horizontal POS Midrange

7. With test oscilloscope inputs grounded, set the display to
graticule center, and adjust oscilloscope for well-defined
display. If necessary, refer to oscilloscope instruction manual
for operating instructions.

Operating Instructions—LA 501

8. Set test oscilloscope for vertical deflection factor of 100
millivolts/division with dc input coupling.

9. Set test oscilloscope for external horizontal amplifier
operation (horizontal deflection factor of 50 millivolts/
division with dc input coupling).

Raster Display

If necessary, perform the Preliminary Set Up procedure. To
obtain a raster display, proceed as follows:

1. Connect the +0.25 volt, 10 kilohertz square-wave signal
from pulse generator (as set in Preliminary Set Up procedure)
to LA 501 CH 0 input connector.

2. Check that TRIG'D indicator is lit.

3. Set the LLA 501 vertical and horizontal POS controls for
centered display.

4. Set test oscilloscope intensity control at desired viewing
level.

5. Check display for one square wave (top trace, channel 0)
and 3 trace lines.

50 2
TERMINATION \

EXTERNAL INTENSITY INPUT
(Z-AXI1S) {IN REAR)

TM 503
PG 502 LA 501
OUTPUT zZ Y X
o Q o ?

5403/D40
5A45 5B40
INPUT
EXT
? HORIZ
AMPL
0

[~

18 INCH 42 INCH
CABLE CABLES
1967-11
Fig. 1-4. Equipment set up for Functional Check.
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LA 501

X {HORIZ INPUT)

MONITOR

Y (VERT INPUT)

Z-AXIS

O N
O <
-0 X

(EXTERNAL
INTENSITY
INPUT)

1967-14

Fig. 1-5. LA 501 and monitor X, Y, and Z signal connections for Functional Check.

Display Functions

If necessary, perform the Preliminary Set Up procedure. Use
the following procedure to check the Display Functions:

1. Connect the +0.25 volt, 10 kilohertz square-wave signal
from pulse generator (as set in Preliminary Set Up procedure)
to CH 0 and CH 1 input connectors with BNC T connector.

2. Check test oscilloscope for a square-wave display on
channels O and 1.

3. Disconnect pulse generator signal from CH 1, and connect
to CH 2 (retain connection to CH 0).

4. Check for square-wave display on channels 0 and 2.

5. Disconnect pulse generator signal from CH 2, and
connect to CH 3.

6. Check for square-wave display on channels 0 and 3.

7. Check that display expands vertically as vertical MAG
control is rotated to Xb.

8. Return vertical MAG control to X1 position.

9. Check that display expands horizontally as horizontal
MAG control is rotated to X10.

10. Return MAG control to X1 position.

11. Press in CH 0-7 X512 FORMAT switch.

12. Set the LA 501 Vertical and Horizontal POS controls
for centered display.

13. Check display for 8 traces.

14. Press in CH 0-15 X256 FORMAT switch.

15. Set the LA 501 Vertical and Horizontal POS controls
for centered display.

16. Check display for 16 traces.

17. Set CHANNEL:SELECT switch to 0.

18. Check that channel 0 trace can be positioned anywhere
within raster as POSITION control (CHANNEL/POSITION)

is rotated.
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19. If desired, repeat step 18 for remainder of channel
selections,

20. Return CHANNEL:SELECT switch to OFF.

21. Set RECORD DISPLAY TIME control to = detent
position,

22. Disconnect pulse generator from CH 3 connector.

23. Press in RECORD MANUAL switch and release it.

24. Check display for square wave on channel 0 only.

25. Return RECORD DISPLAY TIME contro! to 1 s.

26. Check that SAMPLE INTERVAL knob skirt lamp blinks
as SAMPLE INTERVAL switch is set to 20 ns and 10 ns.

27. Set SAMPLE INTERVAL switch to EXT.

28. Disconnect the pulse generator from CH 0 connector.

29. Press in INPUT:ECL switch.

30. Pressin CH 0-3 X1024 FORMAT switch.

31. Set pulse generator for O-volt base-line reference, and
set output amplitude to —0.2 volts.

32. Connect —0.2 volt, 10 kilohertz square-wave signal from
pulse generator {as set in step 31) to EXT CLOCK and
CH 0 connectors.

33. Check display for 4 traces.

34. Disconnect pulse generator from EXT CLOCK and CH O
connectors.

Trigger Functions

If necessary, perform the Preliminary Set Up procedure. Use
the following procedure to check the Trigger Functions:

Operating Instructions—LA 501

1. Set SAMPLE INTERVAL switch to 50 ns.

2. Connect a +0.25 volt, 10 kilohertz square-wave signal
from pulse generator (as set in Preliminary Set Up procedure)
to CH 0 connector.

3. Check that channel 0 (top trace) has positive-going tran-
sition at |left side of trace.

4. Pressin TRIGGER:CENTER switch.

b. Check that positive-going transition is now near center of
trace.

6. Pressin TRIGGER:PRE switch.

7. Check that positive-going transition is at right side of
trace.

8. Set SLOPE switch to —.

9. Check for negative-going transition at right side of
trace.

10. Disconnect pulse generator signal from CH 0 connector.

11. Pressin TRIGGER:POST switch.

12. Set SLOPE switch to +.

13. Set SOURCE switch to EXT.

14. Using a O-volt base-line reference, set pulse generator
output amplitude to +2 volts.

15. Connect the +2 volt, 10 kilohertz signal (as set in pre-
vious step} to LA 501 EXT TRIG connector.

16. Check that TRIG'D indicator is lit.

17. Check display for 4 traces.
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18. Disconnect signal from EXT TRIG connector.

This completes the Functional Check procedure.

DETAILED OPERATING INFORMATION

Signal Connection

Probes offer the most convenient means of connecting sig-
nals to the LA 501 inputs. Tektronix probes are shielded to
prevent pickup of electrostatic interference, and are designed
to monitor the signal source with minimum circuit loading.

10X PROBES. The P6108 (optional accessory), a 10X atten-

uation probe, offers a high input impedance and atlows the
circuit under test to perform very close to the normal
operating conditions.

When using 10X probes, select a probe with a rise time of
less than 2.25 nanoseconds, and which is capable of com-
pensating 20 picofarads of input capacitance.

10X PROBE COMPENSATION. When using 10X probes
on the EXT CLOCK and CH 0 to CH 3 front-panel BNC in-
put connectors, the probe capacitance must be compensated
to match instrument input capacitance to obtain the best
rise-time response. See Figure 1-6 for probe compensation
set up and procedure.

DATA ACQUISITION PROBE. The P6450 (standard
accessory) is a passive, 5X attenuation probe, which is de-
signed for use with the LA 501. When plugged into the
DATA INPUT connector, it offers input connections to all
16 channels.

DATA OUTPUT CABLE. In order to use DATA OUTPUT
connector, J120, it is necessary to assemble a special cable.
One end of the cable must be terminated with a connector
to meet the test requirements. The other end of the cable
is terminated with a connector to mate with the DATA
OUTPUT connector. Use a type DB-25P, 25-pin, male con-
nector; order Tektronix part 131-0570-00. For further
information, contact your Tektronix Field Office or
representative.

COAXIAL CABLE. The front-panel output signals, Z
BLANK OUT, Y VERT OUT, and X HORIZ QUT, should
be connected to other equipment with 50-ohm coaxial
cables. Use high-quality, low-loss cables.

Display Monitor

The display monitor may be any oscilloscope or display
monitor with X, Y, and Z-axis capabilities with the following
characteristics:
Frequency response dc to 500 kilohertz
Deflection factor
Horizontal
Vertical
External Z-Axis sensitivity
(external intensity input)

50 millivolts/division
100 millivolts/division
plus or minus 5 volts

Connections from the LA 501 X, Y, and Z outputs to the
oscilloscope or monitor inputs should be made with coaxial
cables. Figure 1-5 shows the proper set up for operation.
Check the oscilloscope or monitor instruction manual for
the required Z-axis blanking polarity. Set the Blanking
Polarity switch (S720) down for negative blanking, or up for
positive blanking. See Figure 1-2 for the location of $720.
For more information on blanking polarity selection, see
Internal Switches in this section.

Sample Interval

The SAMPLE INTERVAL switch selects calibrated sample-
interval times from the internal clock. The number of times
that the input channels are sampled is determined by the
format selected. A 4-channel format is sampled 1024 times;
8-channel format, 512 times; and a 16-channel format, 256
times.

To capture and store the state of a pulse, one or more sample
intervals must occur during the pulse. Resolution is deter-
mined by the number of samples taken during the pulse.

The lamp that illuminates the SAMPLE INTERVAL knob
skirt blinks when the sample interval is too fast for 8 channel
(10 nanosecond) or 16 channel (10 or 20 nanosecond)
storage. When using an external clock signal, the EXT posi-
tion of the SAMPLE INTERVAL switch selects the front-
panel EXT CLOCK connector.

External Clock Input

The EXT CLOCK input provides a means of using a clock
signal from the equipment under test, or any other clock
signal that the operator may desire.

EXT CLOCK. This connector aliows the connection of ex-
ternal clock signals. The external clock threshold level is
selected by an internal switch (S848) that selects a preset

o/

— = =

— C=

| G

(—

|
w L

L

— - -

—

G



-

—3 0 O3 131 3 X

>

Operating Instructions—LA 501

PROBE TO BE
COMPENSATED

RN

TEST TEST OSCILLOSCOPE
10X PROBE (COMPEN-
OSCS|$|S_$SI(\.:/|OPE SATED TO THE TEST
OSCILLOSCOPE SYSTEM)
VERTICAL

INPUT

® ©

GROUND CLIP
IF NEEDED

TO SQUARE-WAVE

SIGNAL SOURCE

Connect the 10X probe to be compensated to the LA 501 EXT CLOCK connector.

Insert the test oscilloscope 10X probe tip into the EXT CLOCK MONITOR probe-tip jack.

Connect the 10X probe to be compensated to a 600 mV, fast-rise, 1 KHz square-wave signal
source (e.g., oscilloscope calibrator) for low-frequency compensation. For high-frequency
compensation (if applicable), use a 600 mV square wave with a rise time of 3 ns or less. The

test oscilloscope bandwidth should be at least 100 MHz.

Adjust the probe compensation adjustment(s) (see probe instruction manual for adjustment
locations) for an optimum square front corner and flat top on the test oscilloscope display.

1967-13

Fig. 1-6. 10X probe compensation set up and procedure.
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ECL threshold voltage level or the front-panel INPUT
THRESHOLD controls. When in the EXT CLOCK mode,
either the positive or negative stope may be used for the
clock edge. When the negative edge is selected, data sample
intervals are stored into memory on the negative edge of the
external clock signal. When the positive edge is selected,
data sample intervals are stored into memory on the positive

edge of the external clock signal. An internal jumper-connec-

tor, P831, provides polarity selection. Figure 1-7 shows the
location of P831 and the selection positions.

MONITOR. This probe-tip jack allows the operator to view
the external clock signal, and is also used for compensating
10X probes. Refer to 10X Probe Compensation in this
section for more information.

Input Threshold Controls

The INPUT THRESHOLD controls allow the selection of
two fixed threshold levels, or the variable THRESHOLD
level control. Fixed threshold levels are for TTL and ECL
logic.

TTL. This switch selects a preset TTL input threshold level
for each of the data input channels, and for the EXT CLOCK
input. When the recommended probes are used, the input
threshold level is +1.4 volts.

ECL. This switch selects a preset ECL input threshold level
for each of the data input channels and for the EXT CLOCK
input. When the recommended probes are used, the input
threshold level is —1.25 volts.

VAR. This switch selects the variable THRESHOLD level
control.

THRESHOLD. The variable THRESHOLD control allows
the selection of a wide range of threshold levels for the data
input channels and for the EXT CLOCK input. When the
recommended probes are used, the threshold level is adjust-
able from —10 volts to +10 volts.

MONITOR. The MONITOR pin jack provides an output to
monitor the dc threshold voltage level.

P831
EXT CLOCK
POLARITY SELECTOR

RELEASE

LATCH N

BOTTOM LEFT RAIL

FRONT RIGHT CORNER
OF INSTRUMENT.
1967-15

Fig. 1-7. Location of EXT CLOCK polarity selector.
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m Trigger Controls

The TRIGGER controls provide a means to select the signal
source, select the slope on the waveform to stop the storage
cycle, and select the point in the storage cycle at which the
trigger will occur.

TRIG'D INDICATOR. This light provides a convenient in-
dication of the Trigger circuit condition. If the INPUT
THRESHOLD controls are correctly set for the input logic
level used and the Trigger circuit has received a trigger, the
TRIG'D light is on. If the TRIG’D light is off, the LA 501
is in the storage cycle, but has not yet received a trigger.

POST. This switch selects data for memory storage after the
trigger has occurred. The stored data consists of 6 per cent
before-trigger data and 94 per cent after-trigger data.

CENTER. This switch selects data for memory storage be-
fore and after the trigger has occurred. Half of the stored
data is before the trigger, and the other half is data after the
trigger.

PRE. This switch selects data for memory storage before the
trigger has occurred. The stored data consists of 94 per cent
before-trigger data and 6 per cent after-trigger data.

SLOPE. This switch determines whether the Trigger circuit
responds to a positive- or a negative-going transition of the
trigger signal. When the SLOPE switch is set to —, the
Trigger circuit responds to negative-going transitions. When
the SLOPE switch is set to +, the Trigger circuit responds
to positive-going transitions.

SOURCE. This switch selects the source of the signal for

the Trigger circuit. When the switch is set to CH 0, the input
signal connected to the channel O input is used for the trigger
source. When the switch is set to EXT, an external signal
connected to the EXT TRIG connector is selected for the
trigger source.

EXTERNAL TRIGGER. Trigger signals from the equipment
under test, or other equipment the operator may prefer to
use, can be connected to the EXT TRIG connector.

Ext Trig. This connector allows the connection of an exter-
nal TTL logic level trigger signal. The input threshold level
is fixed at +1.4 volts. This connector is selected when the
SOURCE switch is in the EXT position.

Operating Instructions—LA 501

Format Switches

The FORMAT switches select the number of data channels
to be used. Three switches allow the operator to select 4,
8, or 16 data channels.

CH 0-3 (X1024). This switch selects the first 4 data channels.
In this mode, each channel has a memory storage capacity

of 1024 bits. The 4-channel mode has a maximum sample
rate of 10 nanoseconds.

CH 0-7 (X512). This switch selects the first 8 data channels.
In this mode, each channel has a memory storage capacity
of 512 bits. The 8-channel mode has a maximum sample
rate of 20 nanoseconds.

CH 0-15 (X256). This switch selects all 16 data channels.
In this mode, each channel has a memory storage capacity
of 256 bits. The 16-channel mode has a maximum sample
rate of 50 nanoseconds.

Record Controls

The RECORD controls allow the operator to select the dis-
play time to view stored information, and also allows manual
or automatic resetting of the Trigger circuit.

DISPLAY TIME. This variable control sets the time during
which stored data will be held for display before a new
storage cycle begins. The display time is variable from 1 to
10 seconds, or is held indefinitely when turned to the fully
clockwise detent position (o0},

MANUAL. This switch resets the Trigger circuit to start a
new storage cycle.

Monitor Output Signals and Controls

Vertical, horizontal, and Z-axis output signals are provided
to produce a raster display on the display monitor. The
vertical and horizontal outputs each have magnification and
positioning controls.

Z BLANK OUT. When connected to a display monitor ex-
ternal Z-axis input, the Z-axis blanking signal performs two
functions.

The first function is to blank the crt retrace lines. The se-
cond function is, if the new storage cycle fails to go through
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a full memory storage cycle before a trigger is received, old
data (bad data) is blanked out on the crt display. Positive
or negative blanking pulses are selected by Blanking Polarity
switch, §720.

Y VERT OUT. When connected to a display monitor Y-axis
(vertical) input, this output signal provides an on-screen
display of serial data from the memory. Channel separation
is accomplished by stepping each channel down with a dc
offset voltage. Channel O is at the top of the display.

Mag (Y-Axis). This control provides a variable X1 to X5
amplification of the Y VERT QUT signal to permit greater
display resolution.

Pos (Y-Axis). This control vertically positions the raster
within the display area of the monitor. To obtain maximum
use of the Vertical POS control, the display monitor must
first be adjusted for a centered spot with the X- and Y-axis
inputs grounded. All vertical position adjustments are then
made with the LA 501 Vertical POS control.

X HORIZ OUT. When connected to a display monitor
X-axis {horizontal) input, this output signal provides the
display with an X-axis sweep. The sweep rate is determined
by the FORMAT switch setting. |f desired, an external
clock source may be used to scan the memory; however, any
clock rate other than that of the internal clock will affect
the sweep length. The external clock signal may be from
the front-panel EXT CLOCK connector, or from the Ext
Display Clock input at the DATA OUTPUT connector. The
display clock source is selected by the internal Display
Clock switch {S835).

Mag (X-Axis). This control provides a variable X1 to X10
amplification of the X HORIZ OQUT signal to permit greater
display resolution.

Pos (X-Axis). This control horizontally positions the data
channels within the display area of the monitor. To obtain
maximum use of the horizontal control, the display monitor
must first be adjusted for a centered spot with the X- and
Y-axis inputs grounded. All horizontal position adjustments
are then made with the LA 501 Horizontal POS control.

CHANNEL/POSITION. The SELECT and POSITION
controls under this title are used for comparison of any one
channel with any other channel.

Select. This switch selects any channel (O through 15) for
positioning within the display raster.

N

Position. This control vertically positions the selected com-
parison channel within the display.

—

Data Input Signals

for the data channels. Front-panet BNC connectors, CH 0
through CH 3, provide high impedance inputs, and multi-pin
DATA INPUT connector, J100, provides low impedance
inputs to all 16 channels. The INPUTS switch selects the
desired input connector(s}. 10X probes are used for connec-
ting signals to the front-panel data input connectors.

Both low impedance and high impedance inputs are provided U

INPUTS. This switch selects the desired data input probe U
connector{s). When in the BNC position, the four front-
panel CH 0 through CH 3 connectors are selected. When in

the PROBE position, the multi-pin DATA INPUT connector ‘ |
is selected. -J

CH 0 THROUGH CH 3. The four front-panel BNC connect- U
ors provide a means of connecting data signals through 10X
probes to the channel 0, 1, 2, and 3 input preamplifiers.
The 10X probes must be compensated for use with ECL

logic, due to the low signal levels. L

—

DATA INPUT. The internal, multi-pin connector, J100, ‘
provides a means of connecting data signals through the Data \J et
Acquisition Probe to the inputs of all 16 channels. Figure
1-8 identifies the pin assignments for the DATA INPUT
connector. The Clock Out at pin 22 is an unterminated
ECL-level output of the internal clock signal. Pin 23 of
J100 (probe line A) is connected to Signal Selector jumper,

—

P300. At the factory, P300 is wired to connect pin 23 of '

J100 to the [nvalid Mode Input line. However, this connec- L

tion can be changed to a different signal line if desired. For

further information, see P300 Signal Selector in this section. ‘
e

Data Output Connector

Internal multi-pin connector, J120, provides several functions.
Figure 1-9 identifies the DATA OUTPUT connector pin
assignments. As shown in Figure 1-9, three of the pins of
J120 are connected to Signal Selector jumper, P300. At the
factory, P300 is wired to make signal-line connections to
these pins as shown in Figure 1-10. The connections can be
changed to different signal lines if desired. For further
information, see P300 Signal Selector in this section. The
functions provided by the Data Output connector are
described as follows:

—

| G

=

PARALLEL DATA OUTPUT. Output connections are pro-
vided from each of the 16 memory channels to read the
memory in parallel data form. The parallel data outputs are
ECL-logic level signals.

-/
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SERIAL DATA OUTPUT. This connection is provided to
read the memory in serial data form. The serial data output
is an ECL-logic level signal.

FLAG OUTPUT. This connection provides for the output
of an ECL-level pulse. The negative-going edge of the Flag
Output pulse indicates the beginning of each channel.

Operating Instructions—LA 501

Z-AXIS INPUT. This connection is provided to intensify
the display by application of an external signal. A positive
5-volt input will fully intensify the display. As the input
voltage is lowered towards zero volts, the display will be
intensified less.

RECORD ENABLE. This connection is provided to set the
memory into the Store Mode by application of an external

CHANNEL 8 .

( CHANNEL 12 2

CHANNEL 9 3

DATA CHANNEL 13 4
INPUT <

CHANNEL 10 5

CHANNEL 14 6

\ CHANNEL 11 7

CHANNEL 15 8

NC (PROBE LINE C)° 9

THRESHOLD VOLTAGE INPUT" 10

THRESHOLD VOLTAGE OUTPUT. "

—5 VOLT OUTPUT? 12

COMMON GROUND 13

2I\/IAXIMUM CURRENT 150 mA.

3MAXIMUM CURRENT 700 mA.

4SEE SIGNAL SELECTOR P300.

5OPERATOR ASSIGNMENTS.

J100
DATA INPUT
CONNECTOR

1PINS 10 AND 11 ARE CLOSED BY JUMPER (N P6450 DATA ACQUISITION PROBE.

14 CHANNEL 0
15 CHANNEL 4 )
16 CHANNEL 1
17 CHANNEL 5
DATA
> INPUT
18 CHANNEL 2
19 CHANNEL 6
20 CHANNEL 3
21 CHANNEL 7 /
22 CLOCK OUT
23 P300 PIN 4 (PROBE LINE A)*
24 NC (PROBE LINE B)°
25 +5 VOLT OUTPUTS

1967-16

Fig. 1-8. Pin assignments for the DATA INPUT connector, J100.
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signal. The Record Enable input is ac coupled, and requires
only the negative-going edge of a 1.5-volt pulse to enable the
Store Mode.

EXT DISPLAY CLOCK INPUT. This connection is provided
for the application of an external, ECL-level, display clock
signal. The input is terminated by 100 ohms to —2 volts.
The External Display Clock Input signal requirements are:
The HI level must be more positive than —1 volt, and the

LO level must be more negative than —1.5 volts. The usable

frequency range is from less than one hertz to two megahertz.

P300 Signal Selector

Internal multi-pin jumper-connector, P300, provides selection u

of several input and output signal lines to the DATA INPUT,
J100, and DATA OUTPUT, J120, connectors. Figure 1-10
shows the location of P300 and identifies the pin assign-
ments. Figure 1-10 shows the jumpers as they are installed
at the factory. To change the connections for different
requirements, see Signal Selection with P300 in this section.

DISPLAY CLOCK OUTPUT. This connection provides a
display-clock output from the memory. An ECL-level clock
output is provided during the Display Mode. During the
Store Mode, the output assumes an ECL LO state.

P300 PIN 3 1
1
P300 PIN 2 2
EXT DISPLAY CLOCK INPUT 3
SERIAL DATA QUTPUT 4
P300 PIN 11 5
CHANNEL 14 6
CHANNEL 12 7
CHANNEL 10 8
PARALLEL CHANNEL 8 9
DATA
OUTPUT
CHANNEL 6 10
CHANNEL 4 1
\ CHANNEL 2 12
CHANNEL 0 13

'SEE SIGNAL SELECTOR P300.

J120
DATA OUTPUT
CONNECTOR

14 FLAG OUTPUT

15 RECORD ENABLE

16 Z-AXIS INPUT

17 COMMON GROUND

18 CHANNEL 15

19 CHANNEL 13 \

20 CHANNEL 11

n CHANNEL 9 > PAgﬁ%kEL
OUTPUT

22 CHANNEL 7

23 CHANNEL 5

24 CHANNEL 3 )

25 CHANNEL 1

1967-17

Fig. 1-9. Pin assignments for the DATA QOUTPUT connector, J120.
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P300 PINS

-~ T0OJ120,PIN 5

—~ T0O J120, PIN 2

— TOJ120, PIN 1

— T0OJ100, PIN 23

— DISPLAY CLOCK QUTPUT

~ DISPLAY-STORE MODE OQUTPUT

— INVALID MODE INPUT

— FRAME OQUTPUT

— FORMAT OUTPUT (FIRST INDICATOR)
10 = FORMAT OUTPUT (SECOND INDICATOR)

© ® N D W N Y

— o — ——

JUMPERS
(FACTORY INSTALLED)

0

]
o] 2| s]a]s]6]]8] o]0

P300 SIGNAL SELECTOR

1967-18

Fig. 1-10. Location of Signal Selector P300, and P300 pin assignments.

DISPLAY-STORE MODE OUTPUT. This output indicates
whether the memory is in a Display or a Store Mode. An
ECL LO level indicates that the memory is in the Display
Mode. An ECL HI level indicates that the memory is in
the Store Mode.

INVALID MODE INPUT. The Invalid Mode Input is used
in conjunction with an external clock source. When an ex-
ternal ground is applied to this input, the SAMPLE IN-
TERVAL light blinks to indicate that the sample interval
is too fast for the selected memory format.

FRAME OUTPUT. This connection provides for the output
of an ECL-level pulse. One complete pulse cycle represents
at least one complete serial scan of the data in the memory.

FORMAT OUTPUT. Two connections provide ECL-level
outputs which indicate the memory format selected by the
front-panel FORMAT switches. Table 1-1 shows the ECL-
level output states at pins 9 and 10 of P300 for each of the
FORMAT switch positions.

TABLE 1-1
Format Output Levels at P300
P300
FORMAT Switch Pin9 Pin 10
CH 0-3 X1024 HI HI
CH 0-7 X512 LO HI
CH 0-15 X256 LO LO
1-17
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JUMPER
LEAD ~—»

CRIMPED SIDE
OF TERMINAL
CONNECTOR
FACES TOWARD
HINGED PORTION
OF HOLDER

ONMO

@ Remove P300 from instrument (refer to Figure 1-10}.

@ Bend grooved portion of holder (part nearest jumper)
away from the jumper in direction of its hinged side.

Insert the jumper lead connector into the selected
hole in the holder. (Refer to Figure 1-10).

Bend the grooved part of holder back to its vertical
position so connector is inserted into groove.

Observe the connector polarity {refer to Figure 1-10),
and install P300 back into the instrument.

© ©® ©

1967-20 (1481-27)

Fig. 1-11. P300 jumper placement procedure.

SIGNAL SELECTION WITH P300. To change the signal
selections to the DATA INPUT (J100) and DATA OUTPUT
(J120) connectors shown in Figure 1-10, perform the pro-
cedure shown in Figure 1-11.

Internal Switches

Three switches within the LA 501 provide selection of
display Blanking Polarity, EXT CLOCK threshold source,
and the Disptay Clock source. Figure 1-12 shows the
location and describes the use of these switches.

—- -

LA 501 GLOSSARY

The terms listed in this glossary are used throughout this u
manual.

—

Asynchronous—Multiple digital information transferred at
non-common clock rates.

G

Bit—The smallest increment of digital information.

CPU—Central Processing Unit.

| G

ECL—Emitter-Coupled Logic.

Jitter—A form of distortion in asynchronous systems that is
due to timing variations of the received data.

Multiplexing—The combining of multiple inputs into a
single output.

Parallel Data—Data transferred on multipie lines. Parallel
data logic is derived from the multiple lines.

Parailel-to-Serial Conversion—The technique of storing a
digital pattern from a parallel bus, then transferring that
pattern out to a serial bus.

- = - -

Parity Bits—Bits added to the data stream which enable the
receiver to verify whether the data is correctly or incorrectly
received.

—/

(.

PROM—Programmable Read Only Memory.
RAM—Random Access Memory.

Serial Data—Data transferred on a single line. Serial data
logic is derived in a sequential mode.

— =

Store Clock—The clock used to store information into the
LA 501 memory.

Synchronous—Digital information transferred with the same
clock reference.

—

Threshold Voltage—The comparator input voltage on the
inverting input, which is used as a reference. Thus, if the
signal on the non-inverting input is more positive than the
threshold voltage, the output is HI; if the signal is more
negative, the output is LO.

< =

TTL—Transistor-Transistor Logic.

“wired OR”"—ECL gate outputs that are connected together
to yield the equivalent output of an OR gate.

®
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( ’ . . FRONT OF INST EN
Blanking Polarity o RUMENT .
q Switch S720 selects the polarity of the voltage at the @
{ Z BLANK OUT connector. i i N E
BLANKING
.. . . POLARITY
@ In the up position, the display blanking pulses 5720
n are +5 volts (positive blanking). d
@_ o DISPLAY
_ . _ L 'E__@ CLOCK
In the down position, the display blanking _ $835
q pulses are —5 volts (negative blanking}.
EXT CLOCK
THRESHOLD
n Ext Clock Threshold S848 : s8d8
Switch S848 selects the external clock threshold :
level source. PARTIAL
OUTPUT
@ In the up position, threshold levels are selected CIRCUIT . @
by the front-panel INPUT switches VAR, TTL, BOARD '
q or ECL. LEFT SIDE, WITH SIDE PANEL REMOVED.
’ In the down position, a fixed ECL threshold
level is selected. @ In the up position, an ECL input clock signal
from the DATA QUTPUT connector is
selected.

. In the center position, the front-panel EXT
Display Clock S835 CLOCK connector is selected.

Switch S835, a three-position switch, selects the

source of the display clock signal applied to the dis- @ In the down position, the internal 500 kilo-

play clock gate. hertz display clock signal is selected.

=3
)

1967-19

Fig. 1-12. Internal switch locations, and switch selection positions.
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APPLICATIONS

Malfunctions in digital equipment systems are difficult to isolate with conventional test equipment, such as oscilloscopes or
counters. The following applications describe some typical situations in which the LA 501 Logic Analyzer can be used to

make digital equipment troubleshooting relatively easy.

MICROPROCESSORS

A malfunctioning microprocessor system is shown in

Figure 1-13. Software had previously worked properly, but
was still not free of suspicion. Data was stored in the RAM
{random-access read/write memory). The system program

was resident in the PROM (programmable read only memory).

Restart vectors pointed to the address of the first instruction
in the restart routine.

When the restart hardware was exercised, the CPU (central
processing unit) should have performed certain initialization

routines and then gone to the Wait for Interrupt mode. The
terminal would then call up other operating software in the
PROM, or provide access to a binary loader. The failure
consisted of very erratic operation after restart.

The LA 501 was connected to the system as shown in
Figure 1-13 to store and display a large data block from the
eight data lines. The display was obtained by triggering the
LA 501 on the beginning of the restart cycle and using the
system clock as an external data sampling strobe.

MICROPROCESSOR SYSTEM

RAM PROM

TEST SYSTEM

DISPLAY
UNIT

8 DATA LINES

Z|l Y| X

READ/WRITE

LA 501

EXT EXT DATA
CLOCK TRIG INPUT

o O

H
SHAPER | o PUSH BUTTON

CLOCK
cPU GENERATOR
cLoCK
RESTART
RESTART |9 [ RESTART

1967-23

Fig. 1-13. Typical set up for troubleshooting a microprocessor system with the LA 501 Logic Analyzer.
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Analysis of the data display showed the problem to be a
dropped bit in the portion of the PROM providing the re-
start routine. The CPU fetched an invalid restart vector,
causing data from the RAM to be executed as instructions.

STORAGE BUFFERS

A multi-input logic analyzer will provide a quick and easy
method for checking the performance of a storage buffer.
The following application shows how the inputs and outputs
of a buffer can be monitored simultaneously and observed
for verification of performance or for a malfunction, if it

is suspected.

Operating Instructions—LA 501

The non-synchronous buffer is a commonly used type, in
which data flows continuousty from input to output. A
quick snapshot of this data flow will show at a glance if all
the memory cells are functioning properly.

The LA 501 can take this single shot snapshot of 8 input
and 8 output lines simultaneously and display all sixteen
data lines on a single display for a quick comparison. A
typical set up and display are shown in Figure 1-14. When
the LA 501 is clocked asynchronously from the internal
clock, a high-resolution timing diagram display will provide
timing information as well as reveal malfunctions that
would otherwise be difficult to detect with any other type
of test equipment such as an oscilloscope or DVM.

LA 501

LOGIC ANALYZER DISPLAY
L ]
X | |}
] |
8
Y U - u INPUT
U LI LINES
z | e
DATA M M
INPUT
I J
2
L] L \
L LJ
L L ‘
8
- H OUTPUT
LJ LI LINES
m M ‘
DATA ACQUISITION il m
PROBE o )
8 BIT STORAGE
BUFFER
1967-24

Fig. 1-14. Typical set up and display for troubleshooting a storage buffer with the LA 501 Logic Analyzer.
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SPECIFICATION

Section 2—LA 501

The electrical specifications listed in Table 2-1 apply when the following conditions are met: (1} The instrument must have

been adjusted at an ambient temperature between +20° and +30°C, (2) the instrument must be operating at an ambient tem-
e} ] . - .

perature between 0" and +50° C, and (3) the instrument must be operating for at least 15 minutes.

TABLE 2-1
Electrical

Characteristic

Performance Requirement

DATA

INPUTS

tmpedance
Channel 0-3 (High-Impedance Data Input connectors)

Channel 0-15 (Low-Impedance Data Input connector)

1 ME2 within 1% paralleled by approximately 20 pF.

20 k&2 within 1% paralleled by approximately 20 pF.

Threshold Level

VAR (Variable)

TTL

ECL

MONITOR Qutput

At

Data Input Connectors

P6450 Probe!

10X Probe!

At Probe Tip

At least —2 V to
+2V

At least —1 V to
+HV

At least —10 V to
+10 VvV

+0.280 V within +0.140 V within +1.4 V within
05V .025 Vv 0.25V

—0.250 V within —0.125 V within —1.25 V within
.010v .006 V .06V

Within 3% of threshold level at Data Input connectors.

Sensitivity {without probes)
High-Impedance Data Input

Low-Impedance Data Input

At least 60 mV p-p.

At least 120 mV p-p.

Minimum Pulse Width

1 sample interval + 5 ns Hl or LO to ensure pulse recording.

Input Delay Between Channels
High-Impedance Data Input
Low-Impedance Data input

Channel 0-7

Channel 0-15

6 ns or less.

7 ns or less.

12 ns or less.

Input Delay Between High-lmpedance Data Input Connectors
and P6450 Probe Tip

22 ns or less.

probe rise time for high-impedance data and external clock inputs sholld be 2.25 ns or less with aberrations not to exceed 10% p-p.

2-1



Specification—LA 501

TABLE 2-1 (CONT.)
Electrical

Characteristic

Performance Requirement

DATA INPUTS (CONT.)

Maximum Input Voltage

At High-Impedance Data Input Connectors Clamped at £2.5 V, protected to £150 V.

At Low-1mpedance Data Input Connector

With P6450 Probe

Clamped at £2.5 V (no protection).

Clamped at +12.5 V, protected to ¥50 V.

TRIGGER

Source
Input Level
Internal (CH 0)

External

Input R and C

Minimum Pulse Width

Set by INPUT controls.

Threshold Level: +1.4 V, within 0.2 V, clamped at +2.7 V
and —0.6 V, protected to £15 V.

Approximately 100 k€2 paratleled by approximately 20 pF.

10 ns.

Record Display Time Range

Approximately 1sto 10s.

TIME BASE

Internal
Frequency

Sample Rate

100 MHz within 50 parts per million.

10 ns to b ms/sample in 1-2-6 sequence. Maximum sample
rate: 4X = 10ns,8X = 20ns, 16X = 50 ns.

External (EXT CLOCK input)

Input R and C

Sensitivity

Pulse Width
CH 0-3 X1024
CH 0-7 X512

CH 0-15 X256

ed at 2.5 V, protected to +150 V.

At least 60 mV p-p.

HI1 for at least 10 ns and LO for at least 10 ns.
H! for at least 10 ns and LO for at least 10 ns.

HI for at least 25 ns and LO for at least 25 ns.

1 MS2 within 1% paralleled by approximately 20 pF. Clamp-

2-2
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Specification— LA 501

1 (CONT.)

Electrical

Characteristic

Performance Requirement

TIME BASE (CONT.)

Threshold Level

Same as data inputs, or —0.125 V within .006 V (internal

i
i
1
[
7 switch).
r Slope Data strobed in on positive or negative edge of external
clock.
n Data Change With Respect to Clock Edge at EXT CLOCK
Connector (internally selectable + or — edge)
At High-Impedance Data Input Connectors
n Set-Up 2 ns.
Hold 15 ns.
ﬂ At P6450 Probe Tip
n Channel 0-7
Set-Up 14 ns.
n /"\ Hold 3 ns.
- Channel 8-15
Set-Up 20 ns.
Hold 2 ns.

DISPLAY SIGNAL

S (FRONT PANEL)

Blanking Output
CRT Retrace Blanking Time
CH 0-3 X1024
CH 0-7 X512

CH 0-15 X256

OVto+bVorQVto—-5Vwithin 1V (internal switch)

4.2 us within 20% (4 bits).
2.2 ys within 20% (2 bits).

1.2 us within 20% (1 bit).

Vertical Output

Magnify

0.1 V/div within 10%.

X1 to X5 within 10%.

Horizontal Output

Linearity

D

Magnify

.05 V/div within 10%.
Pulse width within 10% from 10% to 100% of sweep.

X1 to X10 within 10%.

= O O O 312 11 131 1 1



Specification—LA 501

TABLE 2-1 (CONT.)
Electrical

Characteristic

Performance Requirement

DISPLAY SIGNALS (FRONT PANEL) (CONT.)

Display Format
CH 0-3 X1024
CH 0-7 X512
CH 0-15 X256

Raster Shift With Format Change

1 group of 4 lines.
2 groups of 4 lines each.
4 groups of 4 lines each.

1 div or less at X1 magnification.

LOW-IMPEDANCE DATA INPUT

Data Input Pin Channel Pin Channel
1 8 14 0
2 12 15 4
3 9 16 1
4 13 17 b
5 10 18 2
6 14 19 6
7 11 20 3
8 15 21 7
Clock Out Pin 22. Unterminated ECL level. The output, when termin-
ated, is a standard negative voltage ECL level,
Invalid Mode Jumper, P300 pin 7. Ground closure causes blinking of

SAMPLE INTERVAL switch light.

Threshold DC

Pin 10.

Comparator Input

Pin 11.

+5 Voits Pin 25. 700 mA or less.
—b Volts Pin 12. 150 mA or less.
Ground Pin 13.

DATA OUTPUT

Parallel Data Qutput

Parallel data from memory (ECL level).
Pin Channel Pin Channel
6 14 18 15

7 12 19 13

8 10 20 11

9 8 21 9
10 6 22 7
11 4 23 5
12 2 24 3
13 0 25 1

2-4
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Specification—LA 501

TABLE 2-1 (CONT.)
Electrical

Characteristic

Performance Requirement

DATA OUTP

UT (CONT.)

Serial Data Output

Pin 4. Serial data from memory {ECL level).

Flag Output

Pin 14. Negative-going edge indicates beginning of each
channel (ECL level).

Format Output

Jumper, P300. Indicates memory format.

Pin 9 Pin 10
CH 0-3 X1024 1 1
CH 0-7 X512 0 1
CH 0-15 X256 0 0
Z-Axis Input Pin 16. A positive signal (+5 V or less) intensifies the display.

Record Enable

Pin 15. Negative-going pulse of at least 1.5 V sets memory
into Record mode.

Ext Display Clock Input

>

Frequency

Pin 3. Terminated by 100 §2 to -2 V.

Signal Levels: HI = more positive than —1 V.
LO= more negative than —1.5 V.

From less than 1 Hz to 2 MHz.

-

Display —Store Mode Output

Jumper, P300 pin 6. A HI indicates memory is in Store
mode. A LO indicates memory is in Display mode.

Frame Output

Jumper, P300 pin 8. A positive-going edge indicates the
start of channel 0.

Display Clock Output

Jumper, P300 pin 5. LO when memory is in Store mode.

Ground

Pin 17.

POWER SOURCE

Line Voltage Ranges

Refer to TM 500 power module performance requirements.

Power Consumption

32 W at nominal line voltage.

:::II)::I::IZ:JI:I:]
J
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Specification— LA 501

TABLE 2-2
Environmental

Characteristic

Performance Requirement

Temperature
Operating 0° to +50°C.
Storage —40° to +75°C.
Altitude
Operating To 15,000 feet.
Storage To 50,000 feet.

Transportation

Procedure 1A, Category 1.

Qualified under National Safe Transit Committee Test

TABLE 2-3
Physical

Characteristic

Description

Weight (without accessories)

Approximately 4 Ibs (1.8 kg).

Dimensions See Fig. 2-1.
_ |
Og 3@ o {7 d
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oo s ‘
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0000000 g
= N N ‘ 4 N
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Fig. 2-1. LA 501 dimensional drawing.
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Specification—LA 501

B STANDARD ACCESSORIES
1ea Instruction Manual 070-1967-00
n 1 ea Operators Manual 070-2047-00
3ea Cables, Coaxial BNC, 50 Ohm, 42 Inch 012-0057-01
1ea Probe Package 010-6450-01
Includes:

1 ea P6450 Probe

2 ea Lead Sets, Probe to Hook Tip (10 Leads/Set Color Coded)

2 ea Lead Sets, Probe to :025 Inch, Square Pin (10 Leads/Set Color Coded)
1 ea Data Sheet

1 ea Accessory Pouch

=2 O 3

—3

For more detailed information, refer
to the tabbed Accessories page in the
back of this manual.
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Specification—LA501

RECOMMENDED ACCESSORIES

The following accessories have been selected from our catalog specifically for your
instrument. They are listed as a convenience to help you meet your measurement
needs. For detailed information and prices, refer to a Tektronix Products Catalog
or contact your local Tektronix Field Representative.

PROBE

P6108: Miniature passive modular probe. Attenuation,
10X, within 1%. Bandwidth, at least 100 MHz. Input R
and C, 10 M2 with capacitance adjustable from 15 to

47 pF. Maximum input voltage, 500 V (dc + peak ac),

derated with frequency.

Cable length:
1 meter (input C, approx. 10.5 pF) Order...010-6108-01
2 meter (input C, approx. 13.0 pF) Order...010-6108-03
3 meter (input C, approx. 15.0 pF) Order...010-6108-05

CARTS

203 Opt. 1: Designed to accommodate a 5000-series or
3-plug-in compartment 7000-series oscilloscope and one
TM 503 in a roll-around test-station configuration.

Order. . . . . . . . . . . . . . 2030PT.1

204 Opt. 1: Designed to accommodate a 4-plug-in compart-
ment 7000-series oscilloscope and one TM 503 in a roll-
around test-station configuration.

Order. . . . . . . . . . . . . . 2040PT.1

203 MOD 901R: Designed to accommodate a 400-series
(except 455) oscilloscope and two TM 503’s in a roll-around
test-station configuration. This is a modified item; consult
your local Tektronix representative for ordering information.

204 OPTION 1
SCOPE-MOBILE CART

2-8
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Section 3—LA 501

THEORY OF OPERATION

This section of the manual contains a description of the circuitry used in the LA 501 Logic Analyzer. The description begins
with a discussion of the instrument using the Block Diagram in the Diagrams section to show the major interconnections be-
tween circuits. Each circuit is then described in detail in the Circuit Description.

BLOCK DIAGRAM DESCRIPTION

The Data Inputs circuit provides an interface between the Memory and the actual input signals. The input signals are compared
to a fixed or a variable threshold voltage to accommodate any logic signal source from +10 volts dc to —10 volts dc. The 16
output channels from the Data Inputs circuit are connected to the Memory circuit. The channel 0 output is also connected to
the Trigger circuit as the internal trigger source.

The Trigger circuit controls the store and display modes of the Memory circuit, the retrace and retrace-blanking functions of
the Horizontal and Blanking Signal Outputs circuit, and the time that each display is presented before new data is written into
the Memory. Trigger position on the display (POST, CENTER, or PRE trigger) is also controlled by the Trigger circuit.

The Memory circuit stores data from the Data Inputs circuit at a rate controlied by the Time Base circuit. The Memory circuit
consists of sixteen 256-bit RAMs (random access memories) and the required control circuits. The 16 RAMs are arranged in
groups of four. Each group of 4 RAMs can store 256 bits of data from four different channels, 512 bits from two channels,

or 1024 bits from one input channel, depending on the setting of the FORMAT switch.

The Time Base provides an internal store clock (SAMPLE INTERVAL) source of from 5 ms to 10 ns per sample. The Time
Base circuit also provides a display clock and inputs for external clock sources.

The Serial Logic and Vertical Signal Outputs circuits provide the parallel-to-serial conversion required to display the stored
data on the crt of a display monitor or oscilloscope. The vertical offset between displayed channels is also generated by these
circuits.

The Horizontal and Blanking Signal Outputs circuits generate the horizontal sweep-ramp waveform and the crt blanking pulses
for the display.



Theory of Operation—LA 501

DETAILED CIRCUIT DESCRIPTION

Complete schematic diagrams are given in the Diagrams section of this manual. Refer to these schematics throughout the

following circuit description.

FRONT PANEL WIRING @

The Front Panel Wiring diagram shows the controls, switches,
indicators, and connectors mounted on the front panel and
the circuit boards to which they are connected. Also shown

are the interconnecting cables and pin numbers.

Refer to Fig. 3-1 for a detailed block diagram of the Data In-
puts circuit. The inputs are separated into four groups of four
channels each. As each of these four groups are identical in
operation, only the Threshold Level circuit and the first group

DATA INPUTS 2>

of input channels (0, 4, 8, and 12) will be discussed.

| G

|

o/

| G

|

Fig. 3-1. Detailed block diagram of Data Inputs circuit (partial).

10 THRESHOLD LEVEL (THRESHOLD) j
LEVEL]----—- —— [MONTTOR]
U14, U15, U942A [WONTTOR]
PROBE SIGNAL BNC
THRESHOLD LIMITS | THRESHOLD
i
SOURCE « BNC |
o, | roLLower COMPARATOR INT TRIG TO L
DIAG @
(BNC INPUT) Q22A, B > % U48
ot
) PROBE u u‘
T0 DATA PROBE HRESHOLD]
FROM DATA PROBE > PROBE
MPARAT
COMPARATOR > CHANNEL 0 L
CHANNELO D> % U214
PROBE
COMPARATOR CHANNEL 8
N\
DATA CHANNELS > % U214 o
INPUT
CONNECTOR,
4100
PROBE -
COMPARATOR CHANNEL 4
CHANNEL4 >— % U218 {
—
PROBE ?
oot
COMPARATOR | CLANNEL 12
| CHANNEL12 D % U218 N
B
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Threshold Level

The Threshold Level stage produces six different dc voltages
which are used by the Data Inputs circuitry. These voltages
are: Upper and lower signal limits, probe threshold, threshold
monitor, BNC threshold, and a comparator disable voltage.

SIGNAL LIMITS. The upper and lower signal limits are set
by Q16 and Q18, respectively. If the input signal voltage at
the data input connector exceeds about 2.5 volts positive or
negative, the clamp diode(s) conduct and limit the input sig-
nal voltage. For example, if the 10X probe connected to
the CH 0 BNC input connector were to accidentally contact
the ac power line, CR21 would conduct on the positive half-
cycle and CR20 would conduct on the negative half-cycle.
With CR20 or CR21 conducting, the excess voltage is drop-
ped across R20 and the 9-megohm resistor in the 10X probe.

PROBE THRESHOLD. The probe threshold voltage is
selected by INPUT switch S10 from divider R1, R3, R4, Rb5,
R9, R6, and RS, or from INPUT THRESHOLD control, R10.
The selected voltage is connected to the non-inverting input
of U14. Operational amplifier, U14, is connected as a unity-
gain voltage follower. The output of U14 (probe threshold
voltage) is connected through pin 1 of P90 and P9 to pin 11
of Data Input connector, J100.

THRESHOLD MONITOR. The threshold monitor voltage
indicates the effective reference voltage for the input signals.
The output of U14 is connected to the non-inverting input

of U942A. Operational amplifier, U942A, is connected as a
X5 amplifier. The output of U942A (threshold monitor
voltage) is connected to the INPUT THRESHOLD MONITOR
output jack.

BNC THRESHOLD. The voltage level, selected by S10, is
also connected to the non-inverting input of U15 through
divider R14 and R15. Operational amplifier, U15, is con-
nected as a X2 amplifier; however, because of divider R14
and R15, the overall gain from the output of $10 to the
output of U155 0.56. The output of U15 (BNC threshold
voltage) is connected to the INPUTS switch, S$15, and to the
Time Base circuit as a reference voltage for the EXT CLOCK
input.

COMPARATOR DISABLE. The comparator disable voltage
is connected, as the reference voltage, to either the BNC
Comparators or the Probe Comparators for channels 0, 1, 2,
and 3. When INPUTS switch, $15, is set for PROBE inputs,
the reference voltage for the BNC Comparators is switched
from the BNC threshold voltage to the comparator disable
voltage. The comparator disable voltage is more positive
than the upper signal limit; therefore, the output of the BNC

Theory of Operation—LA 501

Comparator is LO. When S15 is set for BNC inputs, the
comparator disable voltage is connected to the reference in-
put of the channel 0, 1, 2, and 3 Probe Comparators.

Source Follower

The Source Follower is a high input impedance {1 megohm)
buffer between the front panel BNC connector and the BNC
Comparator. Transistor, Q22A, is connected as a source
follower. Transistor, Q22B, maintains a constant current
through Q22A. The CH 0 Dc Balance adjustment, R25, sets
the dc offset voltage for the Source Follower to 0 volts.

BNC Comparator

The BNC Comparator, U48A, compares the input signal
(data) from the Source Follower with a reference voltage
(BNC threshold voltage) from the Threshold Level stage. If
the input signal voltage is more positive than the reference
voltage, the output of the comparator is HI. 1f the input
signal is less positive than the reference, the output is LO.

Probe Comparators

The Probe Comparators operate the same as the BNC Com-
parators described above except the reference voltage (probe
threshold) is connected to the comparators through the data
probe. The outputs of the Probe Comparators are connected
to the Memory circuit. The outputs of the channel 0 BNC
Comparator and the channel 0 Probe Comparator are tied
together as a “‘wired OR"". 1f either comparator output is
HI, the channel 0 output line will be HI.

MEMORY <

Refer to Figure 3-2 for a detailed block diagram of the
Memory circuit. The 16 channels are separated into four
groups of four channels each. As each of these four groups
are identical in operation, only the control stages (Store/
Display Clock Gate, Latch Clock, Memory Selector, WE and
LF Clock and Address Counter) and the first group of
memory channels will be discussed.

Store/Display Clock Gate

The display clock inhibit and store clock inhibit signals from
the Trigger circuit control the outputs of the Store/Display
Clock Gate. When the display clock inhibit {pin 10-U110)
signal is HI, the store clock inhibit (pin 7-U110) signal is LO.
The HI signal at pin 10 turns U110A off (pins 12 and 14,
LO). The LO signal at pin 7 allows the store clock signal to
pass, inverted, through U110B. Pins 4 and 14, and pins 3
and 12 are connected together in “wired-OR" configurations.
Therefore, if either the outputs of U110A or the outputs of
U110B are HI, the output signal lines will be HI. The other

33
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CHANNEL
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1

DISPLAY
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> DISPLAY
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output of UT10B (pin 2) is not connected to UT10A, and is
only HI when the store clock and record clock inhibit signals

Fig. 3-2. Detailed block diagram of Memory circuit (partial).

are both LO. Refer to Figure 3-3 for a truth table of the
Store/Display Clock Gate.

Latch Clock

The Latch Clock, U120, U132A, and U136A, strobes data
into the Data Latch from the Data Selector. The timing of

the Latch Clock output depends on the setting of the

FORMAT switch.

34

FOUR CHANNEL. Figure 3-4 shows the timing of the
Latch Clock outputs for 4-channel operation. When FOR-
MAT switch, S110, is set for 4-channel operation, pins 12,
11, and 9 of U120 are held HI. When the Q2 output of U120
(also connected to pin 10 function select input) is LO, the
next rising edge of the clock transfers the data at the DO
through D3 inputs to the outputs. When the data from the
FORMAT switch is transferred to the outputs, the Q@, Q1,
and Q2 outputs go H! (the D3 input is open or LO). A HI
level at the S1 input (pin 10) sets U120 into the shift left
mode. Each rising edge of the clock signal moves the data
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at each output of U120 to the next output, until the Q2
output returns to a LO tevel. This occurs every fourth clock
pulse. Gate, U132A, produces a Hl output when both the
Q3 output of U120 and the clock signal are LO. The output
of U132A is connected through U136A to the clock inputs
of the Data Latch stages. Buffer, U136A, delays the output
of U132A to compensate for propagation delays through the
circuitry.

EIGHT CHANNEL. Figure 3-5 shows the timing of the
Latch Clock outputs for 8-channel operation. When the
FORMAT switch is set for 8-channel operation, pins 12 and
9 (D@ and D2) of U120 are heid HI. When the Q2 output
of U120 is LO, the rising edge of the next clock pulse trans-
fers the data at the D@ through D3 inputs to the outputs.
When the input data is transferred to the outputs, the Q@
and Q2 outputs go HI. A HI level at the S1 input (pin 10)
sets U120 into the shift left mode. The next rising edge of
the clock signal moves the LO level at the Q1 output to the
Q2 output. With the S1 input LO, U120 is again ready to
transfer data from the inputs to the outputs on the next
rising edge of the clock signal. The output of U132A is HI
when both the Q3 output of U120 and the clock signal are
LO. This occurs every second clock pulse.

SIXTEEN CHANNEL. When the FORMAT switch, S110,
is set for 16-channel operation, all of the data inputs of
U120 are held LO. With all the outputs of U120 LO, the
output of U132A is HI when the clock signal is LO.

Memory Selector

The Memory Selector, U130, enables the output of each
memory IC, in sequence, during the display time. When the

Theory of Operation—LA 501

store clock inhibit signal (pin 10) is HI, U130 operates as a
4-bit shift register. The data from Q2 of U120 is connected
to the DL input of U130 {pin 13). Each rising edge of the
clock signal at pin 4 shifts the data at the DL input to the
Q0 output and the data at each output (Qn) to the next
output (Qn + 1). A LO level at an output enables the mem-
ory ICs driven by that output (e.g., a LO at O enables
U258, U358, U458, and U558). When the FORMAT switch
is set for 4-channel operation, one output at a time is LO
(see Figure 3-6). In 8-channel operation, two outputs are

U110
PIN 3, 12

JuuuyuuryrL

U120, Q0 _,_'L r_—l
U120, Q1 _r__\_—_l—__
Ll

|

M

1967-55
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U120, Q3 I I
U132A

PIN 2
(LATCH
CLOCK)

Fig. 3-4. Latch Clock timing for 4-channel operation.

STORE/DISPLAY CLOCK GATE

U110
INPUTS OUTPUTS
-~ % ~ e e,
PIN NUMBER=e 11 10 7 5 14* 2

X HI LO HI LO LO
X HI LO LO| HI HI
[l LO HI X LO LO

LO LO HI X Hi LO

* ALSO PINS 12, 3, AND 4
X INDICATES EITHER STATE

1967-54

U110
vz, iz [T LT L1
(CLOCK
SIGNAL)
U120, Q0 I [ 1 |
v120,01 | | | [ [ ]
vizo.02 | | [ | | l
u120,03 | | | i1 ]
U132A
N/LE R I I Il
CLOCK)

1967-56

Fig. 3-3. Truth table for Store/Display Clock Gate.

Fig. 3-5. Latch Clock timing for 8-channel operation.
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LO at the same time (see Figure 3-7}. In 16-channel opera-
tion, all four outputs are LO. During the store time, the
store clock inhibit signal is LO, and all the outputs of U130
are LO.

WE and LF Clock

The WE (write enable not) and LF clock signals are the same
frequency and polarity; the only difference is that the WE
signal is only active during the store time (display clock
inhibit signal HI).

U110

PIN 3, 12
(CLOCK | | I | I | I | | | I |
SIGNAL)

U120, G2 | I

U130, Q0

U130, Q1 | ) I
U130, Q2 I
U130, 03 I |

1967-57

Fig. 3-6. Memory Selector timing for 4-channel operation (display

time only).
U110
PIN 3, 12
{CLOCK I l I I I I I | I | I |
SIGNAL)
U120, Q2 | 1 r "l J

U130, Q0

[

U130, Q2

7
]
u1zo.a1 | |
J
L

1L

U130, Q3

1967-58

Fig. 3-7. Memory Selector timing for 8-channel operation (display
time only).
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FOUR CHANNEL. When the FORMAT switch is set for
4-channel operation, pin 7 of U132B and pin 11 of U132C
are held HI, driving their outputs LO. The FORMAT switch
also allows pin 7 of U136B and pin 14 of U136C to fall to

a LO level. When the Q1 output of U120 is HI, the outputs
of U136B and U136C are HI. The outputs of U1368B,
U132C, and U132D and the outputs of U136C and U1328B
are tied together in “wired-OR"’ configurations. Therefore,
when the outputs of U1368B and U136C go HI, the WE and
LF clock lines go HI, respectively.

- =

G

EIGHT CHANNEL. When the FORMAT switch is set for
8-channel operation, the WE and LF Clock stage operates the
same as in 4-channel operation except that pin 7 of U1368
and pin 14 of U136C are held HI. When the Q1 output of
U120 is LO, the outputs of U136B and U136C are HI.

| G

| G

SIXTEEN CHANNEL. When the FORMAT switch is set

for 16-channel operation, pin 7 of U132B, pin 11 of U132C,
pin 7 of U1368B, pin 14 of U136C, and the Q1 output of
U120 are all LO. With both inputs of U136B and U136C
LO, their outputs are LO. With one input of U132B and
U132C LO, the WE and LF clock lines will be HI when the !
clock signal {pins 6 and 10) is LO. When the display clock -
inhibit signal is LO (display mode), the output of U132D is

HI, holding the WE line HI. U

G

Address Counter

The Address Counter, U140 and U150, selects the memory i
location where each data bit is stored. The Address Counter \ / u
is a synchronous 8-bit {(+256) binary counter which is reset

to zero at the beginning of each store cycle. The AQ

through A7 outputs are connected to each memory IC. U

Data Selector

The Data Selector stage selects the channels, and arranges
the data to be connected to the memory 1Cs through the
Data Latch. The operation of the Data Selector depends on
the setting of the FORMAT switch.

FOUR CHANNEL. When the FORMAT switch is set for
4-channel operation, pin 10 of U235 is held HI. With pin 10
HI, U235 functions as a 4-bit shift register. Channel O data
connected to pin 13 of U235 is shifted to the Q@ output on
the first rising edge of the clock signal at pin 4. The data at
pin 13 moves through the shift register until the first data
bit is at the Q3 output (four clock pulses). The shift register
then has four data bits stored in sequence, ready to be read
into the Data Latch. In 4-channel operation, U225 is not
used.

"
-

EIGHT CHANNEL. When the FORMAT switch is set for
8-channe! operation, pin 10 of U235 is LO and pin 9 of
U225 is HI. With pin 10 held LO, U235 functions as a 4-bit
latch. The channel 0 data connected to pin 12 of U235 is
transferred to the QB output at pin 14 on the first rising
edge of the clock signal at pin 4. The level at the O@ output
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is connected back to the D1 input at pin 11 through pins 6
and 1 of U225. The next rising edge of the clock signal
transfers the level at the D@ input to the O@ output, and the
level that had been at the Q0 output to the Q1 output. The
same operations occur with the channel 4 data at pin 9 of

U235, resulting in two bits of channel 0 data {(Q@ and Q1 out-

puts) and two bits of channel 4 data (02 and Q3 outputs)
stored in sequence, ready to be read into the Data Latch.

SIXTEEN CHANNEL. When the FORMAT switch is set for
16-channel operation, pin 9 of U225 and pin 10 of U235
are both LO. With pin 10 held LO, U235 functions as a
4-bit latch. With pin 9 of U225 held LO, the data from
channel 8 and channel 12 is connected through pins 5 and 3
of U225 to the D1 and D3 inputs of U235, respectively.
Each rising edge of the clock signal transfers the data at the
inputs of U235 to its outputs.

Data Latch

The Data Latch stage transfers the data from the outputs of
the Data Selector to the inputs of the 4 x 256 Bit Memory
on the rising edge of the latch clock signal (pin 4).

4 X 256 Bit Memory

The 4 x 256 Bit Memory consists of four RAMs (random
access memories) and three gates. The RAMs, U252, U254,
U256, and U258, are 256-bit memory units which can store
one, two, or four channels of data, depending on how the
data is presented by the Data Selector. If the FORMAT
switch is set for 4-channel operation, the 4 x 256 Bit Memory

Theory of Operation—LA 501

stores 1024 bits of data from channel 0. When set for 8-
channel operation, the 4 x 256 Bit Memory stores 512 bits
of data from channel 0 and 512 bits of data from channel 4.
When set for 16-channel operation, the 4 x 256 Bit Memory
stores 256 bits each from channels 0, 4, 8, and 12. The
memory location where each bit of data is stored is control-
led by the Address Counter.

In the display mode, a LO level on pin 5 enables the Q out-
put of each memory IC in sequence. The outputs of the
memory |Cs are combined by AND-gates U260A, U260D,
and U260B, as controlled by the FORMAT switch. In 4-
channel operation, pin b of U260A, pin 12 of U260D, and
pin 6 of U2608B are HI. Therefore, the data from all four

Q outputs are connected to the channel 0 data output line
(J120, pin 13). In 8-channel operation, pins 5 and 6 (U260A
and U260B) are HI. With pins 5 and 6 of U260 HI, the out-
puts of U252 and U254 are connected to pin 13 of J120 and
the outputs of U256 and U258 are connected to pin 4 of
J120 (channel 4 data output tine). In 16-channel operation,
pins 5, 12, and 6 of U260 are all LO; therefore, the data at
the output of U252 is connected to the channel 0 data out-
put line, the output of U254 is connected to the channel 8
data output line, etc.

TRIGGER @

Refer to Figure 3-8 for a detailed block diagram of the
Trigger circuit.

5605 AUTO RECORD DISPLAY
RECORD]--- Q606, Q604 STORE/DISPLAY AT I TO
Q602, UB10A FLIP-FLOP MEMORY
DIAG
U6158 STORE
CLOCK <3>
’ INHIBIT
INT TRIGGER SLOPE TRIGGER
FROM DATA+>— TRIGGER SELECTOR POSITION
DIAG @ SELECTOR UB15A,
UB30A, U6168.
uUe08C, LF CLOCK U622,
[ExTTRIg]>— Us08D FROM = —-— U624,
NPUT MEMORY U632B
01D
1967-59
Fig. 3-8. Detailed block diagram of Trigger circuit.
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Auto Record

The Auto Record stage controls the time that a display is
presented before the Memory returns to the store mode.
The display time is set by the DISPLAY TIME control, R605.
Capacitor, C606, charges through R604 and R605. After
approximately one time constant, Q606 conducts, discharg-
ing C606 and pulling pin 4 of UG610A LO. When pin 4 of
UB10A is LO, pin 2is LO and pin 3 is Hl. The Hl at pin 3
resets the Q output (pin 14) of the Store/Display Flip-Flop,
UB16B, to a Hl tevel. Pin 14 of U615B is connected to the
emitter of Q602. A HI at the emitter of Q602 causes Q602
and Q604 to conduct, disabling the timing circuit for Q606.
Therefore, Q606 only operates when the memory is in the
display mode (pin 14 of U615B LO). A Hl level pulse at
pin 3 of UB10A can also be obtained by pressing the
MANUAL push button, S605A. NOR gates, UG08A and B,
are connected as a set-reset flip-flop to prevent any contact
bounce in S605A from being coupled to the rest of the
circuitry. When S605A is pressed, pin b of UB08A goes LO
and pin 7 of UB08B goes HI. The resultant LO on pin 3 of
UB08B is connected to pin b of U610A, producing a HI level
pulse at pin 3.

Trigger Source Selector

The Trigger Source Selector allows triggering the Logic
Analyzer from either the channel 0 data signal or an external
signal applied to the EXT TRIG input connector. The EXT
TRIG input is intended for TTL signals (the threshold vol-
tage is fixed at approximately +1.4 volts); however, other
signal sources of appropriate amplitude may be used. Com-
parator, U830A, converts the signal at the EXT TRIG input
to the ECL signal level used in the Logic Analyzer. If the
input signai is more positive than the threshold voltage, the
output of the comparator {pin 2) is HI.

The trigger source is selected by SOURCE switch, S608.
When the SOURCE switch is set to EXT (button in}, a Hi
level is connected to one input (pin 10) of NOR-gate,
UG08C. With one input HI, the output of UB08C is held LO.
At the same time, pin 13 of UB08D is LO. With one input
LO, U608D inverts the signal from U830A. The outputs of

U608C and D are tied together in a “wired-OR"’ configuration,

and connected to one input of exclusive-OR gate, U610C.

Slope Selector

The Siope Selector stage allows the Logic Analyzer to be
triggered on either the rising or falling edge of the trigger
signal. Exclusive-OR gate, U610C, operates as either an in-
verting or a non-inverting gate, determined by the setting of
SLOPE switch, S610. With S610 closed {+}, a Hl level is
applied to pin 14 of U610C, causing U610C to invert the
signal at pin 15. (The trigger signal is inverted by the Trigger
Source Selector; therefore, another inversion in the Slope
Selector returns the trigger signal to its original state.) With

38

S610 open {—), pin 14 of UG10C drops to a LO level, coup-
ling the signal from the Trigger Source Selector to pin 6 of
UB15A without inverting it.

Trigger Position Counter

The Trigger Position Counter determines the relative position
of the triggering event on the display by providing a delay
between the triggering event and the time that the Memory
stops storing data and switches to the display mode. Flip-
flops, U615A and U616B, control the operating modes of
counters, U622 and U624, On the rising edge of the trigger
signal at pin 6 of U615A, the Q output (pin 2) goes HI. The
Q output of UG15A is connected to the D input of U616B.
The next rising edge of the LF clock signal {pin 11) sets the
Q output of U616B HI. The Q output of UB16B is connect-
ed to the S2 inputs of U622 and U624. With the S1 inputs
{pin 9) held LO, the S2 inputs control the function of U622
and U624. When the S2 inputs are LO (before trigger),
U622 and U624 load the data at their D@ through D3 inputs
to their respective outputs. When the S2 inputs go HI, U622
and U624 start counting LF clock pulses (pin 13). The out-
puts of U622 and U624 are tied together in a “wired-OR"
configuration. The output line at pin 7 of U632B is HI if
any of the U622-U624 outputs are HI. When all outputs

are LO, pin 7 of UB32B is LO. When pin 7 and the LF clock
signal are both LO, the output of U632B (frame clock) is
Hi.

Store/Display Flip-Flop

The Store/Display Flip-Flop, U6158B, controls the mode of

the Memory circuit. The rising edge of the frame clock sig-

nal at pin 11 sets the Q output of U615B H1, and the O out-
put LO. This switches the Memory from the store mode to

the display mode.

TIME BASE &)

The Time Base circuit generates the store clock and display
clock signals. The Time Base circuitry consists of a 100 MHz
Oscillator, a series of counters with divide-by-two and divide-
by-five outputs, data selectors, and an external clock input.
The 100 MHz Oscillator is controlled by crystal Y800. The
output of the 100 MHz Oscillator is connected to data
selector, U820, and to the input of divide-by-two and divide-
by-five counter U810. The store clock signal is selected
from the outputs of the frequency-divider counters by the
data selectors. The SAMPLE INTERVAL switch sets the
“address’’ of the desired counter output. The display clock
signal is taken from the Q@ (2 us) output of counter U814.
The external clock input circuitry allows use of an external
clock source for the store clock signal, the display clock sig-
nal, or both. The jumper at the outputs of U830B allow
polarity selection for the external clock signal.

o/
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SERIAL LOGIC AND
VERTICAL SIGNAL OUTPUTS <6>

The Serial Logic and Vertical Signal Qutputs circuit provides
the parallel-to-serial conversion and channel offset required
to display the stored data on an oscilloscope or monitor.
Figure 3-9 shows a detailed block diagram of this circuit.

Channel Counter

The Channel Counter, U630, U632A, and U632D, determines
the data channel to be coupled through the Parallel-to-Serial
Converter to the Vertical Output Amplifier. The Channel
Counter also controls the Channel Offset stage and enables
the Channel Position Selector. Four-bit counter, U630,
counts frame clock pulses from the Trigger circuit. The out-
put of the Channel Counter depends on the format selected
by the FORMAT switch. When set for 4-channel operation,
pin 12 of U632D and pin 4 of U632A are both HI. A HI
level on pin 12 of U632D drives pin 9 Hl and pin 15 LO.
The HI level on pin 4 of UB32A drives pin 2 LO. When set
for 8-channel operation, only pin 12 of U632D is HI, hold-
ing pin 9 Hl and pin 15 LO. The Q2 output of U630 is
inverted by U632A. When set for 16-channel operation, pin
12 of U632D and pin 4 of UB32A are both LO. The Q2
output of U630 is inverted by U632A. The Q3 output is
coupled through U632D to pin 9 and is inverted at pin 15.

Theory of Operation—LA 501

Parallel-to-Serial Converter

The Parallel-to-Serial Converter, U270 and U570, is actually
a 16-channel data selector. The data channel to be connect-
ed to the Q output (pin 15) is determined by the binary
count on the address (pins 7, 9, and 10) and enable not {EN)
lines. Refer to Figure 3-10 for the relationship between the
binary count on U630 and the data channel selected by the
Paralle!-to-Serial Converter.

Channel Position Selector

The Channel Position Selector allows variable offset for one
channel for easier comparison of displayed data between
channels. The CHANNEL/POSITION SELECT switch (S565)
sets the binary code of the desired channel number on the
switched inputs {pins 5, 13, 6, and 11) of U565. The other
inputs (pins 4, 12, 7, and 10) are connected to the address
lines from the Channel Counter. When the data on the
address lines match the data from the CHANNEL/POSITION
SELECT switch, the output of U565 goes LO. The LO level
at the output of U565 disables the Channel Offset stage and
turns Q684 off. With Q0684 off, the current from the
CHANNEL POSITION contro!, R565, flows through Q680
and Q682 to the Vertical Output Amplifier. When the in-
puts to UB65 do not match, or if the CHANNEL/POSITION
SELECT switch is set to OFF, the output of U565 is held
HI, enabling the Channel Offset stage and turning on Q684

STORED
DATA PARALLEL-TO-SERIAL
STORED DATA _ (16 LINES) CONVERTER
FROM MEMORY VERTICAL
DIAG @ U270, Us70 OUTPUT 699
AMPLIFIER
VERT|
——20
Q628 ouT
0698
Q694
| CHANNEL
POSITION
SELECTOR
U565
$110 0680
FORMAT] - ————1 0682
\ 0684
CHANNEL Cg’/jé\'s'\;‘-
COUNTER
FRAME CLOCK Q640, 0642, Q644
FROM TRIGGER U630 Q650, 0652, 0654
UB32D Q660, 0662, 0664
DIAG (&) Ue32A 0670, Q672, Q674
1967-60

Fig. 3-9. Detailed block diagram of Serial Logic and Vertical Signal Outputs circuit.
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and turning off Q682, disconnecting the CHANNEL
POSITION control from the Vertical Output Amplifier.

Channel Offset

The Channel Offset stage provides the vertical offset for each
channel of data displayed on the crt of the monitor or
oscilloscope. The amount of offset is determined by the
binary count at the output of the Channel Counter. Each of
the four output lines control one of the Channel Offset com-
parators (e.g., pin 15 of U632D controls comparator Q672,
Q674). Each comparator applies a current, determined by
its current setting resistor (e.g., R670 sets the current for
comparator Q672, Q674), to the Vertical Output Amplifier.
The total offset is determined by the number of comparators
conducting current to the Vertical Output Amplifier and

the amount of current each comparator is conducting.

Vertical Output Amplifier

The Vertical Output Amplifier, Q628, Q698, and Q694,
combines the data and offset signals and drives the vertical
deflection circuitry of the display monitor or oscilloscope.

Transistor, Q628, inverts and attenuates the output from the

Parallel-to-Serial Converter {the gain of Q628 is approximately

R628 divided by R627). Current from the Channel Position
Selector or the Channel Offset is added, in R628, to the
current through Q628 to change the dc level for each channel.

counT SHANNEL,
(U630)
Qo Q1 Q2 Q3 4 CH 8 CH 16 CH
0 0 0 0 0 4 8
1 0 0 0 1 5 9
0 1 0 0 2 6 10
1 1 0 0 3 7 11
0 0 1 0 9] 0 12
1 0 1 0 1 1 13
0 1 1 ] 2 2 14
1 1 1 0 3 3 15
o] 0 0 1 0 4 0
1 0 0 1 1 5 1
(o] 1 o] 1 2 6 2
1 1 0 1 3 7 3
0 0 1 1 0 0 4
1 0 1 1 1 1 5
0 1 1 1 2 2 6
1 1 1 1 3 3 7
1967-61

Fig. 3-10. Binary count on U630 versus channel displayed.

The combined data and offset signal is applied across R698
by Q698. The load resistance which the collector of Q698
works into can be varied by MAG control, R695, from
approximately 100 ohms to approximately 500 ohms, re-
sulting in an approximate gain range of X1 to X5. Additional
offset current is added by Q694 to position the display on
the crt of the display monitor or oscilloscope.

HORIZONTAL AND
BLANKING SIGNAL OUTPUTS

The Horizontal and Blanking Signal Outputs circuit generate
the X-axis {sweep) and Z-axis (blanking) signals needed to
produce a display on the crt of a display monitor or oscillo-
scope. Also shown on this schematic diagram is the Invalid
Mode Indicator circuitry.

Sweep Generator

When the frame clock signal from the Trigger circuit goes
HI, the collector of Q728 goes LO, turns on Q732, and dis-
charges sweep timing capacitor C732. When Q732 stops
conducting, C732 starts to charge, producing a negative-going
ramp. The rate of charge is determined by the current flow-
ing through Q716, which is set by FORMAT switch S110.
If S110 is set for 4-channel operation, Q712 and Q714 are
both turned off; therefore, the emitter current for Q716
must flow through R715, R714, and R717. If ST10 is set
for 8-channel operation, Q714 turns on, shorting out R715.
In 16-channel operation, Q712 also turns on. The negative-
going ramp is inverted by Q738 and Q740. The amplitude
of the ramp signal at the HORIZ OUT connector is deter-
mined by the MAG control, R745. The horizontal position
of the display on the crt can be varied by adding a dc offset
current to the ramp signal through Q734, Q736, and the
POS control, R740.

Blanking

The Blanking stage provides retrace blanking, store blanking,
and "bad data’’ blanking for the display.

RETRACE BLANKING. Retrace blanking occurs when the
frame clock pulse from the Trigger circuit goes Hl. The
frame clock pulse is connected to pin 11 of U632C. A HI
level pulse on pin 11 drives pin 14 of U632C LO. 1f S720 is
set to —Z- the LO level pulse from pin 14 of U832C is connec-
ted to the bases of Q718 and Q720, and a HI level reference
is connected to the emitters of Q718 and Q720. When the
base of Q720 goes LO, Q720 conducts, turning on Q724
and pulling the BLANK QUT output fevel to about —4.5
volts. 1f S720is set to Z, pin 14 of UB32C is connected to
the emitters of Q718 and Q720, and the H! level reference
is connected to the bases. When the emitters go LO, Q718
conducts and turns on Q722, pulling the BLANK QUT
output level to approximately +5 volts.
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STORE BLANKING. While the Memory is storing new data,
no useful information is available for display; therefore, the
display is blanked during this time. The display clock inhibit
signal (UB16A, pin 5) is HI during the store time. A HI level
at pin 5 sets the Q output {pin 2) HI. Pin 5 of UBT6A is
connected to one input of U632C. (When either input of
U632C is Hi, the display is blanked.) The Q output of
UGT6A remains HI until the next frame clock pulse after the
memory has returned to the display mode. This allows time
for the sweep generator to stabilize and reset before the dis-
play is presented on the display monitor or oscilloscope.

“BAD DATA” BLANKING. ““Bad data’ blanking occurs if
the LA 501 is triggered and the Memory switches from the
store mode to the display mode before a complete store
cycle has occurred. (For example, if the FORMAT switch is
set to CH 0-3 X1024, and only 1000 bits of new data were
stored before the Memory switched to the display mode, the
other 24 bits of stored data on each channel would be left
over from the previous store cycle. These 24 bits of “‘bad
data” will be blanked out on the display.)

The Q output {pin 3) of UB28 is set LO at the beginning of
the store cycle. Normally, the address count carry signal at
pin 9 causes the Q output to go HI, indicating a complete
store cycle has occurred and all stored data is ““good data’’.
However, if this does not occur, pin 3 remains LO during
the display time. With pin 3 LO, the Q output {pin 15} is
set HI by the frame clock signal {pin 12) which blanks the
display until the address count carry signal switches the Q
output (pin 15) LO.

The Q output (pin 15) of U628 is connected to the Q output
(pin 2) of UB16A. If either Q output is HI, pin 10 of U632C
is HI resulting in a blanked display.

Invalid Mode Indicator

The Invalid Mode Indicator causes the light bulb behind the
SAMPLE INTERVAL switch to blink on and off if the switch
is set to a position which exceeds the maximum operating
speed of the Memory circuit. This occurs when the SAMPLE
INTERVAL switch is set to 10 ns or 20 ns during 16-channel
operation, or is set to 10 ns during 8-channel operation.
Either of these switch combinations cause astable multivibra-
tor, Q702 and Q704, to oscillate. Transistor, Q708, is driven
by the output at the collector of Q704. When the base of
Q708 goes LO, light bulb, DS708, turns off.

POWER SUPPLIES ’

The Power Supplies use the unregulated ac and dc voltages
provided by the TM 500-series power module. The TM 500-
series power module provides two 25 volt (rms) power

m transformer windings, unregulated positive and negative

Theory of Operation—LA 501

33.5 volt dc supplies, and an unregulated +11.5 volt dc
supply. The power module also contains two power transis-
tors, one NPN and one PNP, for each plug-in unit. These
transistors are used as the series-pass transistors for the
+5.1-Volt and —2-Volt supplies.

+5.1-Volt Supply

The +5.1-Volt Supply consists of U942B, Q944, and the
PNP power transistor in the power module. Operational
amplifier, U9428B, compares the output voltage at pin 6 with
the +5.1 volt reference at pin 5. If the output voltage is
higher than the reference, Q944 and the power transistor
conduct less, allowing the output voltage to drop. If the
output is lower than the reference, Q944 and the power
transistor conduct more, pulling the output voltage higher.

—4.8-Volt Supply

The —4.8-Volt Supply is derived from the 25 volt ac wind-
ings. The 25 volts ac supplied by the power module is
rectified and filtered by CR904, C904, L905, and C905.
The resultant dc source is converted by a switching regulator
to —4.8 volts. Zener diode, VR922, and transistor, Q922,
maintain a constant current through VR920. The reference
voltage at the wiper of R925 is connected to the base of
Q914. Transistors, Q914 and Q916, compare the output
voltage with the reference. If the output voltage is more
negative than the reference, Q916 turns on and 0914, Q910,
and Q905 turn off. With Q905 cut off, CR905 conducts to
discharge T911 and pull the output voltage positive. The
positive transition at the collector of Q905 is coupled
through C911, R912, C927, and R927 to the base of Q928.
The positive transition saturates Q928, resulting in a very
fast turn off time for Q905. When the output voltage be-
comes less negative than the reference, Q916 turns off and
Q914, Q910, and Q905 turn on. With Q905 saturated, its
collector switches to the dc supply at its emitter, pulling

the output negative. The waveform at the collector of Q905
is filtered by T911 and C912 before being compared to the
reference voltage. Zener diode, VR932, and SCR, Q932,
provide over-voltage protection for the ICs connected to
this supply. If the output voltage exceeds about —6.2 volts,
Q932 switches on, shorting out the —4.8-Volt Supply and
blowing fuse FO05.

—2-Volt Supply

The —2-Volt Supply is derived from the —4.8-Volt Supply.
The reference voltage for the —2-Volt Supply is provided by
UBOOA. Transistor, Q934, compares the output voltage to
the reference. (The emitter-base voltage drop of Q934 is
added to the voltage at pin 2 of UB00A, resulting in an out-
put voltage approximately 0.6 volts more negative than the
voltage at pin 2.) If the output voltage is too positive, Q934
conducts less and Q936 and the NPN power transistor con-
duct more, pulling the output voltage negative.
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Section 4—LA 501

MAINTENANCE

This section of the manual contains information for performing preventive maintenance, troubleshooting, and corrective main-

tenance for the LA 501.

PREVENTIVE MAINTENANCE

Preventive maintenance consists of cleaning, visual inspection, lubrication, etc. Preventive maintenance performed on a regular
basis may prevent instrument breakdown and will improve the reliability of the instrument. The severity of the environment
to which the LA 501 is subjected determines the frequency of maintenance. A convenient time to perform preventive main-

tenance is preceding adjustment of the instrument.

CLEANING

The LA 501 should be cleaned as often as operating condi-
tions require. Accumulation of dirt on components acts as
an insulating blanket and prevents efficient heat dissipation
which can cause overheating and component breakdown.

; CAUTION

[ S S W Y P

{

Avoid the use of chemical cleaning agents which
might damage the plastics used in this instru-
ment. In particular, avoid chemicals that con-
tain benzene, toluene, xylene, acetone, or
similar solvents.

Exterior

Loose dust accumulated on the front panel can be removed
with a soft cloth or small brush. Dirt that remains can be
removed with a soft cloth dampened in a mild detergent and
water solution. Abrasive cleaners should not be used.

Interior

Dust in the interior of the instrument should be removed
occasionally due to its electrical conductivity under high-
humidity conditions. The best way to clean the interior is
to blow off the accumulated dust with dry, low-pressure air.

Remove any dirt which remains with a soft brush or a cloth
dampened with a mild detergent and water solution. A
cotton-tipped applicator is useful for cleaning in narrow
spaces.

VISUAL INSPECTION

The LA 501 should be inspected occasionally for such de-
fects as broken connections, improperly seated semiconductors,
damaged circuit boards, and heat-damaged parts.

The corrective procedure for most visible defects is obvious;
however, particular care must be taken if heat-damaged
components are found. Overheating usually indicates other
trouble in the instrument; therefore, it is important that the
cause of overheating be corrected to prevent recurrence of
the damage.

LUBRICATION

Generally, there are no components in the LA 501 that will
require lubrication during the life of the instrument.

Slide Switches

These switches are lubricated prior to leaving the factory
and should not require further lubrication. However, if they
become electrically noisy, cleaning and lubricating with
Electronic Chemical Corporation No Noise may solve the
problem.

Cam Switches

In most cases, the factory lubrication of these switches
should be adequate for the life of the instrument. The switch
contacts are designed to operate dry for the life of the switch.
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If the switch has been disassembled for replacement of switch
sub-parts, a lubrication kit containing the necessary lubrica-
ting materials and instructions is available through any
Tektronix Field Office. Order Tektronix Part 003-0342-01.
General Electric Versilube © silicone grease may be applied
sparingly so that the lubricant does not get on the contacts.
Refer to Figure 4-1 for lubrication instructions.

@ Apply lubricant to the drum journals and
mating surface in the mounting bearings.

Apply lubricant to the wear surface of the
index wheel.

@ Apply lubricant to the index roller and roller
guide in the front bearing. A thin film should
be applied to the inner face of the detent
springs if more than one spring is replaced.

Ensure that some lubricant is present at the
interface between the bearing and retainer clip.

C1967-2

Figure 4-1. Lubrication procedure for a typical cam switch.

Push-Button Switches

Modular push-button switches are self jubricating. Switch
contacts and pads are designed to operate dry for the life of
the switch. However, as the switches are not sealed, dust
attracted to the contact area may cause switch contacts to
become electrically noisy. Cleaning may be accomplished
by flushing the contact area with isopropyl alcohol or kelite
(1 part kelite to 20 parts water). Do not use chemical clean-
ing agents that leave a film or that might damage plastic
parts.

\/

Should it become necessary to remove a switch for replace-
ment or cleaning, refer to Component Removal and Replace-
ment in this section.

SEMICONDUCTOR CHECKS

Periodic checks of the semiconductors in the LA 501 are not
recommended, The best check of semiconductor performance
is actual operation in the instrument. More details on
checking semiconductor operation are given under trouble-
shooting.

o/

ADJUSTMENT AFTER REPAIR

After any electrical component has been replaced, the
adjustment of that particular circuit should be checked, as
well as the adjustment of other closely related circuits. The
Performance Check and Adjustment procedure in this manual
provides a quick and convenient means of checking instru-
ment operation. In some cases, minor troubles may be
revealed or corrected by adjustment.

TROUBLESHOOTING

The following information is provided to help troubleshoot the LA 501. Information contained in other sections of this
manual should be used along with the following information to aid in locating the defective component. An understanding of
the circuit operation is very helpful in locating troubles, particularly where integrated circuits are used.
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TROUBLESHOOTING EQUIPMENT

The following equipment, in addition to that listed in the
Performance Check and Adjustment section, is useful for
troubleshooting the LA 501 Logic Analyzer unit.

Transistor Tester

Description: Dynamic-type tester.
Purpose: Test semiconductors.

Recommended Tektronix types: 576 Curve Tracer,
577/177 Curve Tracer system, 7CT1N Curve Tracer unit
and a 7000-series oscilloscope system, or a BCT1TN Curve
Tracer unit and a 5000-series oscilloscope.

Multimeter

Description: Voltmeter, 10 megohm input impedance
and a range from 0 to at least 50 volts dc; accuracy, with-
in 0.1%. Ohmmeter, 0 to 20 megohms. Test probes
should be insulated to prevent accidental shorting.

Purpose: Check voltage and resistance.

Test Oscilloscope

Description: Frequency response, dc to 100 megahertz
minimum; deflection factor, 5 millivolts to 5 voits/division.
A 10X, 10 megohm voltage probe should be used to
reduce circuit loading.

Purpose: Check operating waveforms.

Variable Autotransformer

Description: Qutput variable from 0 to 140 volts, 2
amperes minimum rating. Must have three-wire power
cord, plug, and receptacle.

Purpose: Vary input line voltage when troubleshooting
in the power supply.

TROUBLESHOOTING TECHNIQUES

This troubleshooting procedure is arranged to check the
simple trouble possibilities before proceeding with extensive
troubleshooting. The first few checks ensure proper con-
nection, operation, and adjustment. If the trouble is not
located by these checks, the remaining steps aid in locating
the defective component. When the defective component is
located, it should be replaced using the replacement pro-
cedure given under Corrective Maintenance.

Maintenance—LA 501

1. CHECK CONTROL SETTINGS. Incorrect control settings
can indicate a trouble that does not exist. [f there is any
question about the control function or operation of any
control, see the Operating Instructions section.

2. CHECK ASSOCIATED EQUIPMENT. Before proceeding
with troubleshooting of the LA 501, check that the equip-
ment used with this instrument is operating correctly. Check
that the signal is properly connected and that the inter-
connecting cables are not defective. Also, check the power
source. |f the trouble persists, the LA 501 is probably at
fault.

3. VISUAL CHECK. Visually check the portion of the
instrument in which the trouble is located. Many troubles
can be located by visible indications such as unsoldered
connections, broken wires, damaged circuit boards, damaged
components, etc.

4, CHECK INSTRUMENT ADJUSTMENT. Check the
adjustment of this instrument, or the affected circuit if the
trouble appears in one circuit. The apparent trouble may
only be a result of misadjustment. Complete adjustment
instructions are given in the Performance Check and
Adjustment section.

5. ISOLATE TROUBLE TO A CIRCUIT. To isolate trouble
to a circuit, note the trouble symptom. The symptom often
identifies the circuit in which the trouble is located. When
trouble symptoms appear in more than one circuit, check
the affected circuits by taking voltage and waveform read-
ings. Also check for the correct output signals at the front-
panel output connectors with a test oscilloscope. Incorrect
operation of all circuits often indicates trouble in the power
supply. Check first for correct voltages of the individual
supplies. However, a defective component elsewhere in the
instrument can appear as a power-supply trouble and may
also affect the operation of other circuits.

6. CHECK VOLTAGES AND WAVEFORMS. Often the
defective component can be located by checking for the
correct voltage or waveform in the circuit. Refer to the
diagrams section for correct voltages and waveforms.

Power Supply. If incorrect operation of the power supply
is suspected, first check that the power-module line
selector block is in the M position (99 V AC to 121 V AC).
Then, connect the power module to a variable autotrans-
former. Adjust the autotransformer output for 110 V AC.
Load the power supply as follows:

4-3
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A. Set SAMPLE INTERVAL switch to 10 nanoseconds.
B. Push the INPUT ECL button in for ECL logic.

C. Press the RECORD MANUAL button to reset the
trigger circuit.

D. Push the SLOPE button to generate a trigger (TRIG'D
indicator should light).

NOTE

Input signals are not required for this test.

Use a dc voltmeter with 0.1% accuracy to check each
supply voltage, and check ripple with a test oscilloscope.
Voltages are measured between the power supply test
points and chassis ground. Power supply test points are
shown on the Adjustment and Test Point Locations pull-
out at the rear of this manual. Vary the autotransformer
output from 99 volts ac to 121 volts ac and check that
each power supply is within the tolerances given in
Table 4-1.

TABLE 4-1
Power Supply Tolerances!
Output

Power Test Voltage Maximum Ripple

Supply Point Range Peak-to-Peak
-4.8V TP —4.757 to —4.872 | 50 mV low freq.
933 50 mV high freq.
+6.1V U942 | +4.845 to +5.355 10 mV low freq.
Pin 6 50 mV high freq.

! Checked under full load (refer to text).

If a power supply is within the tolerance in Table 4-1,
the supply can be assumed to be working correctly. If
outside the given tolerance, the supply may be misadjust-
ed or operating incorrectly. Use the procedure given in
the Performance Check and Adjustment section to ad-
just the power supply voltage.

7. CHECK INDIVIDUAL COMPONENTS. The following
procedures describe methods of checking individual com-
ponents in the LA 501. Two-lead components that are sol-
dered in place are best checked by first disconnecting one
end. This isolates the measurement from the effacts of
surrounding circuitry.

4-4
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To avoid component damage, disconnect the
power source before removing or replacing
semiconductors.

Semiconductors. A good check of transistor operation is
actual performance under operating conditions. A tran-
sistor can be most effectively checked by substituting a
new component or one that has been checked previously.
However, be sure that circuit conditions are not such that
a replacement transistor might also be damaged. 1f
substitute transistors are not available, use a dynamic
tester. Static-type testers are not recommended, since
they do not check operation under simulated operating
conditions.

1C’s {integrated circuits) can be checked with a voltmeter,
test oscilloscope, or by direct substitution. A good under-
standing of circuit operation is desirable when trouble-
shooting circuits using IC’s. Use care when checking
voltages and waveforms around the IC’s so that adjacent
leads are not shorted together. A convenient means of
clipping a test probe to the 14- and 16-pin IC’s is with an
IC test clip. This device also serves as an extraction tool.
The lead configuration for the semiconductors used in
this instrument are shown on a pullout page in the front
of the diagrams section.

Diodes. A diode can be checked for an open or shorted
condition by measuring the resistance between terminals
with an ohmmeter scale having a low internal source
current, such as the R X 1K scale. The resistance should
be very high in one direction and very low when the
meter leads are reversed.

(I NI

; CAUTION é

Do not use an ohmmeter scale that has a high
internal current. High currents may damage
the diode.
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The cathode end of each glass-encased diode is indicated
by a stripe, a series of stripes, or a dot. The cathode and
anode ends of metal-encased diodes are identified by the
diode symbol marked on the case. For most silicon or
germanium diodes with a series of stripes, the color code
identifies the four significant digits of the JEDEC or
vendor number using the resistor color-code system {e.g.,
a diode color-coded yellow-brown-green-red indicates a
1N-4152 diode).

Resistors. Check the resistors with an ohmmeter. See
the Replaceable Electrical Parts list for the tolerance of
the resistors used in this instrument. Resistors normally
do not need to be replaced unless the measured value
varies widely from that specified.

Inductors. Check for open inductors by checking con-
tinuity with an ohmmeter. Shorted or partially shorted

Maintenance—LA 501

inductors can usually be found by checking the waveform
response when high-frequency signals are passed through
the circuit. Partial shorting often reduces high-frequency
response (roll off).

Capacitors. A leaky or shorted capacitor can usually be
detected by checking resistance with an ohmmeter on
the highest scale. Do not exceed the voltage rating of the
capacitor. The resistance reading should be high after
initial charge of the capacitor. An open capacitor can
best be detected with a capacitance meter or by checking
if the capacitor passes ac signals.

8. REPAIR AND ADJUSTMENT. If any defective parts
are located, follow the replacement procedures given in
Corrective Maintenance. Be sure to check the performance
of any circuit that has been repaired or had any electrical
components replaced.

CORRECTIVE MAINTENANCE

Corrective maintenance consists of component replacement and instrument repair. Special techniques required to replace

components in this instrument are given here.

OBTAINING REPLACEMENT PARTS

All electrical and mechanical part replacements for the

LA 501 can be obtained through your 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, check the parts
list for value, tolerance, rating, and description.

NOTE

When selecting replacement parts, it is important
to remember that the physical size and shape of
a component may affect its performance in the
instrument, particularly at high frequencies. All
parts should be direct replacements unless it is
known that a different component will not
adversely affect instrument performance.

Some parts are manufactured or selected by Tektronix, Inc.
to satisfy particular requirements, or are manufactured for

Tektronix, Inc. to our specifications. Most of the mechanical
parts used in this instrument have been manufactured by
Tektronix, Inc. To determine the manufacturer of parts,
refer to parts list, Cross Index Mfr. Code Number to
Manufacturer.

When ordering replacement parts from Tektronix, Inc.,
include the following information:

1. Instrument type.

2. Instrument serial number.

3. A description of the part (if electrical, include
circuit number).

4. Tektronix part number.
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SOLDERING TECHNIQUES

To avoid electrical shock, disconnect the instru-
ment from the power source before soldering.

The reliability and accuracy of this instrument can be main-
tained only if proper soldering techniques are used when
repairing or replacing parts. General soldering techniques,
which apply to maintenance of any precision electronic
equipment, should be used when working on this instrument.
Use only 60/40 rosin-core, electronic-grade solder. The
choice of soldering iron is determined by the repair to be
made. When soldering on circuit boards, use a 15- to
40-watt pencil-type soldering iron with a 1/8-inch wide,
wedge-shaped tip. Keep the tip properly tinned for best
heat transfer to the solder joint. A higher wattage soldering
iron may separate the wiring from the base material. Avoid
excessive heat; apply only enough heat to remove the com-
ponent or to make a good solder joint. Also, apply only
enough solder to make a firm solder joint; do not apply too
much solder.

N I T NI
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The Memory and Output circuit boards in this
instrument are multilayer type boards with a
conductive path(s) laminated between the top
and bottom board layers. All soldering on these
boards should be done with extreme care to
prevent breaking the connections to the center
conductor(s); only experienced maintenance
personnel should attempt repair of these
boards.
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For metal terminals, {e.g., switch terminals, potentiometers,
etc.) a higher wattage-rating soldering iron may be required.
Match the soldering iron to the work being done. For
example, if the component is connected to the chassis or
other large heat-radiating surface, it will require a 75-watt or
larger soldering iron.

The following technique should be used to replace a com-
ponent on a circuit board:

1. Grip the component lead with long-nose pliers. Touch
the soldering iron to the lead at the solder connection. Do
not lay the iron directly on the board, as it may damage the
board.

2. When the solder begins to melt, gently pull the lead out.
If unable to pull the lead without using force, try removing
the other end of the component as it may be more easily
removed.

NOTE

The reason that some component leads seem
troublesome to remove is due to a bend placed
on each lead during machine insertion of the
component in the manufacturing process. The
purpose of the bent leads is to hold the compo-
nent in place during a flow-soldering manufac-
turing process that solders all components at
one time.

If a component lead is extremely difficult to remove, it may
be helpful to straighten the leads on the back side of the
board with a small screwdriver or pliers while heating the
soldered connection.

Desolder the component from the circuit board using heat
on the component lead so that the solder will stay behind

on the board. If it is desired to remove solder from a circuit-

board hole for easier installation of a new component, a
solder-removing wick should be used for this purpose.

3. Bend the leads of the new component to fit the holes in
the board. If the component is replaced while the board is
mounted in the instrument, cut the leads so they will just
protrude through the board. Insert the leads into the holes
in the board so the component is firmly seated against the
board (or as positioned originally). If it does not seat
properly, heat the solder and gently press the component
into place.
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4. Touch the iron to the connection and apply a small
amount of solder to make a firm solder joint. To protect
heat-sensitive components, hold the lead between the com-
ponent body and the solder joint with a pair of long-nose
pliers or other heat sink.

5. Clip the excess lead that protrudes through the board (if
not clipped in step 3).

6. Clean the area around the solder connection with a flux-
remover solvent. Be careful not to remove information
printed on the board.

COMPONENT REMOVAL AND REPLACEMENT

To avoid electrical shock, disconnect the instru-
ment from the power source before replacing
components.

The exploded-view drawing associated with the Replaceable
Mechanical Parts list may be helpful in the removal or dis-
assembly of individual components or subassemblies.
Component locations and circuit board locations are shown
in the Diagrams section.

Circuit Boards

If a circuit board is damaged beyond repair, replace the
entire board assembly. Part numbers are given in the
Replaceable Electrical Parts list for completely wired boards.

MEMORY CIRCUIT BOARD. To remove the circuit board:
1. Remove 6 screws from rear panel and remove rear panel.
2. Remove knobs from CHANNEL/POSITION switch.
3. Note color of multi-pin connectors and P number to

which each connects. Note wire color on single-conductor
shielded cables and connector to which each is connected.

Maintenance—LA 501

4. Disconnect all cables that terminate on Memory circuit
board.

5. Remove knobs from X MAG-POS controls.

6. Remove hex nut and flat washer from CHANNEL/PQOSI-
TION switch.

7. Remove hex nut and flat washer from X MAG-POS
control.

8. Remove 1 flat-head screw (see Figure 4-2A) from
bracket holding Data Input and Data Output jacks.

9. Remove 4 screws (A, B, C, and D on Figure 4-2B) hold-
ing circuit board to frame tabs.

10. Push the panel bushing away from the front panel. Lift
rear of board away from frame to clear the frame tabs and
slide circuit board toward rear until clear of frame and front
panel.

To reptace the circuit board:

1. Place front-panel bushing and grounding spring on cam-
switch shaft and slide circuit-board assembly into place with
switch shaft through front panel. With circuit board roughly
positioned, hold front-panel bushing in place {flats on bush-
ing must align with panel opening). Place flat washer and
hex nut on bushing and tighten.

2. Reverse order of removal to complete circuit-board
replacement.

OUTPUT CIRCUIT BOARD. To remove the circuit board:
1. Note color of multi-pin connectors and P number to
which each connects. Note wire color on single-conductor
shielded cables and connector to which each is attached.

2. Disconnect all cables that terminate on circuit board.

3. Remove 1 screw (A on Figure 4-3) from circuit board
and remove power-supply shield.

4. Remove 1 screw (B on Figure 4-3).

5. Remove screw that passes through heat sink on power
diode CR905. Remove heat sink. See Figure 4-4.

6. Remove knob from front-panel SAMPLE INTERVAL
switch.

7. Remove hex nut and flat washer from SAMPLE INTER-
VAL switch-shaft bushing.
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Figure 4-2. (A) Locations of Data Input and Data Output connectors. (B) Locations of securing screws on the Memory circuit board.

8. Remove 2 screws (C and D on Figure 4-3) from circuit
board.

9. Lift rear of circuit board away from frame far enough
that components mounted near SAMPLE INTERVAL cam
switch clear board-mounting tab.

10. Push the panel bushing away from the front panel, and

slide the circuit board to the rear far enough to clear the
switch shaft.

4-8
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To replace the circuit board:

—

1. Place front-panel bushing and grounding spring on cam-
switch shaft and slide circuit board assembly into place with
switch shaft through front panel. With board roughly posi-
tioned, hold bushing in place (flats on bushing must be
aligned with panel opening}. Place flat washer and hex nut

on bushing and tighten. A )
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Figure 4-3. Locations of securing screws on the Output circuit board.

f , 2. To complete assembly, reverse order of removal. When
replacing heat sink, regrease heat sink with heat-conducting
material such as DOW-4' silicone grease.

PUSH-BUTTON SWITCH CIRCUIT BOARD.

1. Remove Memory circuit board as outlined previously.

COMPONENT REAR OF
SIDE OF INSTRUMENT’
OUTPUT

BOARD

D LA 807
0UTPUT BD

CR905
REMOVE

.

h Figure 4-4, Location of CR905 heat sink on the Output circuit board.

! Registered trademark of Dow Corning Corporation.

@

2. Loosen 2 screws on THRESHOLD control-shaft coupling.

3. Remove RECORD (DISPLAY TIME-MANUAL) knobs
from control-switch shafts. Pull on small, gray, center knob
to remove {no set screw).

4. Note color of multi-pin connectors and P number to
which each connects and disconnect any cable that terminates
on circuit board.

5. Remove 4 screws holding circuit board to square rails.
See Figure 4-5.

6. Pull circuit board straight toward rear until switch buttons
clear front panel and remove circuit board.

To replace the Push-Button Switch circuit board, reverse the
order of removal.

Switches

Several types of switches are used in this instrument. Con-
tact alignment and spacing is critical to the operation of the
push-button and cam switches. Therefore, defective switches
should be replaced as a unit or repaired only by personnel
experienced with these types of switches. Your local Tek-
tronix Field Office or representative can provide additional

4-9
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Figure 4-5. Locations of securing screws on the Push-Button Switch circuit board.

repair information. The following special maintenance in-
formation is provided for switch replacement.

CAM SWITCHES. The cam switches used in this instrument
consist of a rotating cam which mates with contacts on the
adjacent circuit board. These contacts are activated by lobes
on the cams as the switch is rotated. A cam switch can be
disassembled for inspection, cleaning, repair, or replacement;
however, it is recommended that the switch be removed and
replaced as a unit.

)
; CAUTION

o~

Repair of a cam switch should be undertaken
only by experienced maintenance personnel.
Switch alignment and contact spacing must be

4-10

carefully maintained for proper operation. A
cam switch repair kit is available (Tektronix part
040-0541-00) which contains special alignment
tools for use in repairing or replacing the switch
contacts. For information or assistance on
maintenance of cam switches, contact your local
Tektronix Field Office or representative.

Use the following procedure to remove and replace a cam

switch:

1. Remove circuit board following instructions given
previously.

2. For CHANNEL/POSITION switch only, unsolder poten-

tiometer contacts from circuit board.

3. Remove four screws that secure switch to circuit board.

4. Remove cam-switch assembly from board.

To replace the cam switch, reverse the order of removal.
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PUSH-BUTTON SWITCHES. See Figure 4-6 for removal An extracting tool should be used to remove the 14- and
and replacement instructions of push-button switches. 16-pin integrated circuits to prevent damage to the pins.

This tool is available from Tektronix, Inc. Order Tektronix

Part 003-0619-00. If an extracting tool is not available
Semiconductors when removing one of these integrated circuits, pull stowly
and evenly on both ends of the device. Try to avoid having
one end of the integrated circuit disengage from the socket
before the other, as the pins may be damaged.

Semiconductors should not be reptaced unless actually de-
fective. If removed from their sockets during routine
maintenance, return them to their original sockets. Unneces-
sary replacement of semiconductors may affect the adjust-
ment of this instrument. When semiconductors are replaced,
check the operation of the part of the instrument which

may be affected. Two methods of interconnection are used to connect the
circuit boards with other boards and components. When
the interconnection is made with a coaxial cable, a special
end-lead connector plugs into a socket on the board. When
the interconnection is made with a wire lead, an end-lead
connector is used which mates with the interconnecting pin
soldered into the board. The following information pro-
vides the removal and replacement procedure for the various
types of interconnecting methods:

Interconnecting Pins

=3 3 3

=3

COAXIAL-TYPE END-LEAD CONNECTORS. Replacement
of the coaxial-type end-lead connectors requires special tools
v and techniques; only experienced maintenance personnel

§VCA UTION g should attempt to remove and replace these connectors. |t

is recommended that the cable be replaced as a unit. For
cable part numbers, see the Replaceable Mechanical Parts
list. An alternative solution is to refer the replacement of
the defective connector to your local Tektronix Field Office
| or representative.

-2 I 2

To avoid component damage, power must be
turned off before removing or replacing
semiconductors.

>

N

Replacement devices should be of the original type or a

direct replacement. Figure 8-1 {located in the diagrams END-LEAD PIN CONNECTORS. The pin connectors used
sect.|on) shovys th? Igad configurations of the‘semlconductor to connect the wires to the interconnecting pins are clamped
devices used lf‘ th|s.|nstr.ument. When replacujg, ChECk.the to the ends of the associated leads. To remove and replace
manufacturer’s basing diagram for correct basing. Semicon- damaged end-lead pin connectors, remove the old pin con-
ductors which have heat radiators use silicone grease to

increase heat transfer. Replace the silicone grease when re-
placing these semiconductors.

nector from the end of the lead and clamp the replacement
connector to the lead.

-3 3

Some of the pin connectors are grouped together and mount-
ed in a plastic holder; the overall result is that these connec-
tors are removed and installed as a multi-pin connector. To
provide correct orientation of this multi-pin connector when
it is replaced, an arrow is stamped on the circuit board and

a matching arrow is molded into the plastic housing of the
multi-pin connector. Be sure these arrows are aligned as the
multi-pin connector is replaced. If the individual end-lead
pin connectors are removed from the plastic holder, note

the color of the individual wires for replacement.

WARNING
CIRCUIT-BOARD PINS. A circuit-board pin replacement

e

Handle silicone grease with care. Avoid getting kit including necessary tools, instructions, and replacement
silicone grease in eyes. Wash hands thoroughly pins is available from Tektronix, Inc. Order Tektronix Part

( \ after use. 040-0542-00. Replacement of circuit-board pins on
@ 4-11
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6-INCH STEEL RULE
(OR EQUIVALENT)

N

[ |
\\: 8

2727,
7/

N N

RIGHT (BOTH ENDS OF
CONTACT ARE FREE
OF THE CARRIER)

@ Make sure that all switch shafts are in the OUT position to clear the rear clip.

Place the long edge of a six-inch rule or similar thin straight edge between the top edge of the rear clip
and the switch body.

Carefully pry the rear clip back just far enough to push the steel rule down between the clip and switch

body.
CAUTION

When the switch is removed, the contacts may drop free and be damaged or lost.
Body salts or acids can contaminate the switch contacts. Wear cotton gloves to
prevent touching the contacts in the switch or on the board with bare hands.

@ Pull the rear of the switch up, remove the steel rule, and pull the switch out of the front clip.
To replace the switch, first check that the slide contacts are properly installed in the carrier. Then,

place the front of the switch into the front clip and push the rear of the switch down until the rear clip
catches and holds the switch in place.

1967-3
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Figure 4-6. Push-button switch removal and replacement instructions.
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multi-layer boards is not recommended; refer such repairs
to your local Tektronix Field Office or representative.

RVAV AV APV VT

; CAUTION
\/\f\l\l\l\.,\/\,l\l\g

Only experienced service personnel should re-
place circuit-board pins on multi-layer boards.
Therefore, refer repairs of the Memory circuit
board and the Qutput circuit board to your

local Tektronix Field Office or representative.

To replace a damaged pin which is mounted on a single-layer
circuit board, first disconnect any pin connectors. Then
{using Soldering Technigues given earlier in this section), un-
solder the damaged pin and pull it from the board with a
pair of pliers, leaving the ferrule (see Figure 4-7) in the hole,
if possible. If the ferrule remains in the circuit board, remove
the spare ferrute from the replacement pin and press the
new pin into the hole in the circuit board. If the ferrule is
removed with the damaged pin, clean out the hole using a
solder-removing wick and a scribe. Then press the replace-
ment pin with attached spare ferrule into the hole. Position
the replacement pin in the same manner as the old pin.
Solder the pin to the circuit board on each side of the board.
If the old pin was bent at an angle to mate with a connector,
carefully bend the new pin to the same angle. Replace the
pin connector.

Fuses

Three fuses are used in this instrument. See the circuit-
board illustrations in the Diagrams section for location and
the Replaceable Electrical Parts list for values.

Incandescent Bulbs

Light bulbs are mounted on the sub-panel using a plastic
sleeve. Unsolder the lead wires and pull the bulb out of the
sleeve from the rear of the sub-panel.

Maintenance—LA 501

REPLACEMENT
PIN

SPARE
FERRULE

PROPER
PLACEMENT OF
FERRULES IN

CIRCUIT BOARD

1967-5

Figure 4-7. Exploded view of circuit-board pin and ferrule.

ADJUSTMENT AFTER REPAIR

After any electrical component has been replaced, the adjust-
ment of that particular circuit shouid be checked, as well as
other closely related circuits. See Section 5 for a complete
adjustment procedure.

INSTRUMENT REPACKAGING

If this instrument is to be shipped for long distances by
commercial means of transportation, it is recommended
that it be repackaged in the original manner for maximum
protection. The original shipping carton can be saved and
used for this purpose. Should more information be needed,
contact your local Tektronix Field Office or representative.
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PERFORMANCE CHECK AND ADJUSTMENT

This section contains information necessary to perform a complete instrument performance check and adjustment. Limits
given in the procedure are adjustment guides and should not be interpreted as performance requirements unless preceded by a
check mark (\/). Where possible, instrument performance is checked before an adjustment is made.

PRELIMINARY INFORMATION

Adjustment Interval

To maintain instrument accuracy, check the performance of
the LA 501 every 1000 hours of operation, or every 6
months if used infrequently. Before complete adjustment,
thoroughly clean and inspect this instrument as outlined in
Section 4, Maintenance.

Tektronix Field Service

Tektronix Field Service Centers and the Factory Service
Center provide instrument repair and adjustment services.
Contact your Tektronix Field Office or representative for
further information.

Using This Procedure

This Performance Check and Adjustment procedure can be
used either for complete adjustment or as a check of instru-
ment performance. Completion of each step in the procedure
ensures that the instrument is correctly adjusted and operat-
ing within specified limits. Refer to the following discussion
for instructions on a complete or partial check and
adjustment.

INDEX. An index precedes the procedure to aid in locating
Performance Check and Adjustment steps.

PERFORMANCE CHECK. Instrument performance can be
checked by performing the complete Performance Check
and Adjustment procedure and omitting only the ADJUST
parts of the steps. A check mark (\/) preceding a CHECK
indicates that the limit given is a performance requirement
specified in Section 2, Specification.

ADJUSTMENT. Completion of each step in the Perform-
ance Check and Adjustment procedure ensures that the
instrument is correctly adjusted and performing within
specified limits. Where possible, instrument performance is
checked before an adjustment is made. For best overall
performance when performing the complete adjustment
procedure, make each adjustment to the exact setting
indicated.

PARTIAL PROCEDURES. The following procedure is
written to completely check and adjust the instrument to

the Performance Requirements listed in Section 2, Specifi-
cation. If the applications for which the instrument is used
do not require the full available performance, the procedures
and the required equipment list can be shortened accordingly.

A partial performance check and adjustment may be desirable
after replacing components, or to touch up the adjustment

of a portion of the instrument. To check or adjust only part
of the instrument, refer to the Equipment Required list
which precedes that portion of the procedure to be perform-
ed. To avoid unnecessary adjustment of other parts, adjust
only if the tolerance given in each CHECK is not met.

TEST EQUIPMENT REQUIRED

The test equipment listed in Table 5-1 is required for a
complete performance check and adjustment of this instru-
ment. The specifications given in Table 5b-1 for test equip-
ment are the minimum required to meet the Performance
Requirements listed in Section 2, Specification. Detailed
operating instructions for test equipment are omitted in
this procedure. Refer to the test equipment instruction
manual if more information is needed.

Special Fixtures

Special fixtures are used only where they facilitate instru-
ment adjustment. These fixtures are available from Tek-

tronix, Inc. Order by part number from Tektronix Field

Offices or representatives.

Test Equipment Alternatives

The test equipment listed in the Examples of Applicable
Test Equipment column, Table 5-1, is required to check and
adjust this instrument. The Performance Check and Adjust-
ment procedure is based on the first item of equipment
given as an example. If other equipment is substituted, con-
trol settings or setups may need to be altered. If the exact
item of equipment given as an example is not available, refer
to the Minimum Specifications column to determine if other
equipment may be substituted. Then check the Purpose
column. If you determine that your measurement require-
ments will not be affected, the item and corresponding
step(s) can be deleted.
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Performance Check and Adjustment—LA 501

TABLE 5-1
Test Equipment

Description

Minimum Specifications

Purpose

Examples of Applicable
Test Equipment

1. Test Oscilloscope!

Bandwidth, dc to 100 MHz;
minimum deflection factor, 10
mV/div; accuracy, within 3%.
Dual-channel with chopped
display mode.

Check triggers, display for-
mats, vertical, horizontal,
and Z-axis. Check and adjust
dc balance and data inputs.

a. Tektronix 7603 Oscilloscope
system with 7A26 Amplifier
and 7B70 Time Base.

b. Tektronix 465 Oscilloscope.

. Monitor

Bandwidth, dc to 500 kHz;
deflection factor, 50 mV/div
{vertical) and 100 mV/div
(horizontal) both dc coupled.
Graticule, 8 x 10 div. External
Z-axis input.

Check triggers, display for-
mats, vertical and horizontal,
and Z-axis.

a. Any Tektronix 600-series
display unit that meets band-
width requirements.

Precision Dc Voltmeter

Range, £2 V to 50 V; accu-
racy, within 0.1%. Digital
voltmeter must have at least
4'%-digit readout.

Check power supply, thres-
hold voltages, and internal
clock. Check and adjust dc
balance and data inputs.

a. Tektronix DM 501 Digital
Multimeter (operates in Tek-
tronix TM 500-series power
module).

b. Fluke Model 825A Differ-
ential DC Voltmeter.

iy

. Pulse Generator

Pulse duration, 10 ns to 1 ms;
pulse period, 0.1 us to 10 ms;
risetime, 2 ns or less; output
amplitude, —3 V to +3 V with
dc offset.

Check triggers, display for-
mats, vertical and horizontal,
and Z-axis. Check and adjust
dc balance and data inputs.

a. Tektronix PG 502 Pulse
Generator {operates in Tek-
tronix TM 500-series power
module).

. Frequency Counter

Frequency range, 40 MHz to
55 MHz; accuracy, within 10
parts in 10°.

Check internal clock.

a. Tektronix DC501 110 MHz
Counter (operates in Tek-
tronix TM 500-series power
module).

b. Tektronix 7D14 Digital

Counter {operates in any Tek-
tronix 7000-series oscilloscope
except those without readout).

Delay Generator

Delayed events, 0 to 1024;
trigger level range and slope,
£1 V; minimum detectable
pulse width, 0.5 us.

Check Z-axis intensify.

a. Tektronix DD 501 Digital
Delay (operates in TM 500-
series power module.

b. Tektronix 7D11 Digital
Delay (operates in any Tek-
tronix 7000-series oscilloscope
with readout).

. 10X Probes (4 required)

Compatible with test oscillo-
scope used.

Check triggers and Z-axis.
Check and adjust dc balance
and data inputs.

a. Tektronix P6108 or P6054A
probes.

1X Probe

Compatible with test oscillo-
scope used.

‘Check internal clock.

a. Tektronix P6028 or
P6062A probes (3.5 foot).

! Can be used instead of monitor throughout procedure.
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Performance Check and Adjustment—LA 501

TABLE 5-1 (CONT.)
Test Equipment

Description

Minimum Specifications

Purpose

Examples of Applicable
Test Equipment

9. Variable Line Voltage
Source

Output, 110 V ac (or 220 V ac)
200 W; accuracy, within 3%.

Adjust —4.8 V supply.

a. General Radio WBMT3 VM
Variac Autotransformer.

10. 50-Ohm Termination

Impedance, 50 ohms; accuracy,
within 2%; connectors, BNC.

Output termination for signal
generators.

a. Tektronix part 011-0049-01.

11. BNC-to-Probe Tip
Adapter

Adapt to Tektronix probes
used.

Provide connection from
pulse generator to probe tip.

a. Tektronix part 013-0084-01.

12. BNC T Connector

BNC to BNC.

Provide cable and probe
connection to pulse
generator.

a. Tektronix part 103-0030-00.

13. Coaxial Cables
{5 required)

Impedance, 50 ohms; type,
RG 58/U; length, 42 inches;
connectors, BNC.

Provide signal interconnections.

a. Tektronix part 012-0057-01
(3 supplied with LA 501).

14. Flexible Extender
Cable

Compatible with TM 500-
series plug-ins.

Provide access to test points
and adjustments.

a. Tektronix part 067-0645-01.

15. Screwdriver

3-inch shaft, 3/32-inch bit.

Adjust power supply and dc
balance.

a. Xcelite R-3323.
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INDEX TO PERFORMANCE CHECK
AND ADJUSTMENT PROCEDURE

A. POWER SUPPLY

1.
2.
3.

Adjust —4.8 Volt Supply (R925})
Check —2 Volt Supply
Check +5.1 Volt Supply

B. THRESHOLD VOLTAGES AND INTERNAL
CLOCK

1.
2.

Check 10X Probe Threshold Voltages
Check 5X Probe (P6450) Threshold

Voltages

3.
4.
5.

Check Threshold Monitor Output
Check External Clock Threshold Voltages
Check Internal Clock

C. TRIGGERS

1.

Check External Trigger Level and

Minimum Pulse Width

2.

3.
4.
5.

Check Display Time Range
Check Trigger Holdoff
Check Channel O Triggers
Check Trigger Slope

D. DISPLAY FORMATS

1.

Check Low-impedance Data Input

Display

. VERTICAL AND HORIZONTAL

wn =

4,

Check Vertical Output

Check Raster Shift With Format
Check Sweep Length

Check Horizontal Magnifier and

Position

5.

Check Horizontal Linearity

F. DC BALANCE AND DATA INPUTS

© RN OEAE WDN =

5-4

Adjust External Clock DC Balance (R845)
Adjust Channel 0 DC Balance (R25)
Adjust Channel 1 DC Balance (R45)
Adjust Channel 2 DC Balance (R65)
Adjust Channel 3 DC Balance (R85)
Check High-Impedance Data Inputs
Check Low-Impedance Data Inputs
Check Low-Impedance Data Input Delays

Check High-Impedance Data Input Delays

PAGE
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5-8
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5-8
5-9
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5-10
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5-11
5-11
5-11
5-11
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5-13
5-13
5-13
5-14
5-14
5-14
5-14
5-15
5-15
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G. Z-AXIS
1. Check Retrace Blanking Time
2. Check Bad-Data Blanking
3. Check Z-Axis Intensify

PRELIMINARY PROCEDURE

PAGE
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Perform the following steps before proceeding with the

Performance Check and Adjustment procedure.

1. Connect LA 501 to power module with flexible extender

cable (Tektronix part 067-0645-01).

2. Remove LA 501 side covers.

3. Pull PWR button on left or right edge of power module

to apply power to LA 501. Allow at least 15 minutes

warmup.

NOTE

Titles for external LA 501 controls and

connectors are capitalized in this procedure
(e.g., SAMPLE INTERVAL, EXT CLOCK).
Internal controls, connectors, and adjustments
are initial capitalized (e.g., Blanking Switch,

Ch 0 DC Bal adjustment, Low-Impedance
Data Input connector).
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A. POWER SUPPLY

Equipment Required
1. Precision dc voitmeter

2. Variable line-voltage source

3. Three-inch screwdriver

BEFORE YOU BEGIN, see

A1. ADJUST —4.8 VOLT SUPPLY (R925)

a. With power module PWR button pushed in, connect
power module line cord to variable line voltage source.

b. Set variable line voltage source for 110 (or 220) volts
ac and pull PWR button out.

c. Press ECL button and set DISPLAY TIME control
fully counterclockwise {1 s).

d. Set SAMPLE INTERVAL switch to 50 ns and press
CH 0-15 X256 button.

e. Connect P6450 probe to internal Low-Impedance
Data Input connector (J100).

f. Connect precision dc voltmeter between TP933 and
chassis ground.

g. CHECK—Voltmeter for reading from —4.796 volts to
—4.834 volts.

TESTPOINTAND
STMENT LOCATIONS

in the Diagrams section.

h. ADJUST—R925, (—4.8 volts adjustment) for a volt-
meter reading of exactly —4.800 volts.

i. INTERACTION—AnNy change in setting of R925 may
affect operation of all circuits in instrument.

A2. CHECK -2 VOLT SUPPLY

a. Connect precision dc voltmeter between pin 2 of P5
and chassis ground.

h. CHECK—Voltmeter for reading from —1.90 volts to
—2.10 volts.

A3. CHECK +5.1 VOLT SUPPLY

a. Connect precision dc voltmeter between pin 3 of P4
and ground.

b. CHECK—Voltmeter for reading from +4.845 volts to
+5.355 volts.

55



Performance Check and Adjustment—LA 501

B. THRESHOLD VOLTAGES AND INTERNAL CLOCK

Equipment Required
1. Frequency counter 3. 1X probe

2. Precision dc voltmeter

FEST POINT AND in the Diagrams section.

BEFORE YOU BEGIN, see ADJUSTMENT LOCATIONS

+/ B1. CHECK 10X PROBE THRESHOLD VOLTAGES f. Press ECL button.
a. Press VAR and INPUTS buttons.

\/ g. CHECK—Voltmeter for reading from —0.242 volt to

b. Connect precision dc voltmeter between pin 5 of U48 —0.258 volt.

and chassis ground.

v/ B3. CHECK THRESHOLD MONITOR OUTPUT

\/ c. CHECK—Voltmeter reading for a range of at least —1 a. Press VAR button.
volt to +1 volt as THRESHOLD control is rotated from
fully counterclockwise to fully clockwise.
b. Connect precision dc voltmeter between INPUT
MONITOR jack and chassis ground.
d. Press TTL button.

\/ c¢. CHECK—Voltmeter reading for a range of at least

v/ e. CHECK—Voltmeter for reading from +0.115 volt to —10 volts to +10 volts as THRESHOLD control is rotated
+0.165 volt. from fully counterclockwise to fully clockwise.
f. Press ECL button. d. Press TTL button.
v/ 9. CHECK—Voltmeter for reading from —0.121 volt to \/ e. CHECK—Voltmeter for reading from +1.12 volts to
—0.129 volt. +1.70 volts.
v/ B2. CHECK 5X PROBE (P6450) THRESHOLD VOLTAGES f. Press ECL button.

a. Press VAR button and press to release INPUTS button.

\/ g. CHECK—Voltmeter for reading from —1.17 volts to

b. Connect precision dc voltmeter between pin 1 of J9 —1.33 volts.

and chassis ground.

v/ B4. CHECK EXTERNAL CLOCK THRESHOLD VOLTAGES

v/ ¢. CHECK—Voltmeter reading for a range of at least —2 a. Press VAR button and place internal Ext Clock
volts to +2 volts as THRESHOLD control is rotated from Threshold switch, S848, in Front Panel {(up) position.
fully counterclockwise to fully clockwise.

b. Connect precision dc voltmeter between pin 11 of

d. Press TTL button. U830 and chassis ground.
\/ e. CHECK—Voltmeter for reading from +0.230 volt to / ¢. CHECK—Voltmeter reading for a range of at least —1
+0.330 volt. volt to +1 volt as THRESHOLD control is rotated from

fully counterclockwise to fully clockwise.
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Performance Check and Adjustment—LA 501

d. Press TTL button. h. Place internal Ext Clock Threshold switch, S848, to
ECL (down) position.

D

v/ e. CHECK—Voltmeter for reading from +0.115 volt to
+0.165 volt. v/ i. CHECK—Voltmeter for reading from —-0.122 volt to
—0.128 volt.

f. Press ECL button.
v/ B5. CHECK INTERNAL CLOCK

a. Set SAMPLE INTERVAL switch to 20 ns and connect

v g. CHECK—Voltmeter for reading from —0.121 volt to frequency counter to TP138 with a 1X probe.

-0.129 volt.

v/ b. CHECK—Counter for readout from 49.99750 to
50.00250 megahertz.

>



Performance Check and Adjustment—LA 501

C. TRIGGERS

Equipment Required
1. Test oscilloscope or monitor

2. Pulse generator

- = =

5. BNC-to-probe tip adapter

6. 50-ohm BNC cables {4)

| G

3. 10X probe
4. 50-ohm termination _“
TEST POINT AND . . )
BEFORE YOU BEGIN, see ADJUSTMENT LOCATIONS in the Diagrams section. ‘
]

v/ C1. CHECK EXTERNAL TRIGGER LEVEL AND MINI-
MUM PULSE WIDTH

a. Set controls as follows:

LA 501
INPUT TTL {(button in)
FORMAT CHO-3 X1024
(button in)
TRIGGER SOURCE EXT (button in)
DISPLAY TIME Fully counterclock-
wise {1 s)

CHANNEL SELECT OFF
SAMPLE INTERVAL 50 ns

Vertical MAG Fully counter-
clockwise
Horizontal MAG Fully counter-
clockwise
Display Clock Down

S835 (internal)

Test Oscilloscope or Monitor

Mode XY
Deflection Factor
or Gain
X 50 mV/div
Y 100 mV/div

b. Position a low-intensity spot at the vertical and hori-
zontal center of test oscilloscope or monitor graticule.

5-8

¢. Connect 50-ohm cables from X HORIZ OUT, Y VERT
OUT, and Z BLANK OUT connectors to corresponding
test oscilloscope or monitor inputs.

— C=

d. Connect 50-ohm termination to EXT TRIG connector.

e. Set pulse generator for a TTL level (approximately
0 to +3 volts), 10-nanosecond duration, 10-millisecond
period, pulse output.

—

t

f. Connect 50-ohm cable from pulse generator output to v
50-ohm termination at EXT TRIG connector.

| G

NOTE

Determine the Z-axis input blanking polarity
required by the test oscilloscope or monitor.
Place internal Blanking Polarity switch, S720,
up for positive blanking, down for negative
blanking.

L L

\/ g. CHECK—For visible display on test oscilloscope or
monitor and that TRIG'D indicator is fit. Note that
TRIG'D indicator blinks off momentarily with auto
record pulse.

V/ €2. CHECK DISPLAY TIME RANGE

\/ a. CHECK~—That test oscilloscope or monitor display
alternately blanks then reappears for approximately
1 second.

| S G Sus

b. Set DISPLAY TIME control fully clockwise {not in
detent).

v/ ¢. CHECK—That test oscilloscope or monitor display alteru
nately blanks, then reappears for approximately 10 seconds.

- T

@

|



d. Set DISPLAY TIME control to = {detent) position.

D,

e. Disconnect pulse generator output from EXT TRIG
connector.

v/ f. CHECK—For stable display on test oscilloscope or
monitor.

v/ C3. CHECK TRIGGER HOLDOFF

a. Press and release MANUAL button.

\/ b. CHECK—For no display on test oscilloscope or moni-
tor and that TRIG'D indicator is not lit.

c. Connect 50-ohm cable from pulse generator output
to EXT TRIG connector.

\/ d. CHECK—For display on test oscilloscope or monitor
and that TRIG'D indicator is lit.

3 3 I

m e. Remove 50-ohm cable between pulse generator output
and EXT TRIG connector.

C4. CHECK CHANNEL 0 TRIGGERS

a. Set LA 501 controls as follows:

=3 O

INPUT TTL {(button in)

FORMAT CH O -3 X1024
(button in)

TRIGGER SLOPE + (button out)

TRIGGER SOURCE CH 0 (button out)

INPUTS PROBE (button out)

! TRIGGER CENTER (button in)

DISPLAY TIME Fully counterclock-

wise (1 s)

b. Connect P6450 probe to internal Low-Impedance
Data Input connector (J100).

D
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c. Set pulse generator for a TTL level (approximately O
to +3 volts), 1-microsecond duration, 10-millisecond
period, pulse output.

d. Connect P6450 channel 0 lead to 50-ohm termination
at pulse generator output.

NOTE

To make it easier to connect the P6450 probe
to the 50-ohm termination at the pulse genera-
tor output, connect a BNC-to-banana plug
adapter (such as the Tektronix part 103-0035-
00) to the 50-ohm termination. Attach a short
length of bus wire to the center conductor
terminal and clip the probes to the bus wire.

e. CHECK-Display for 4 lines with generator output
pulse displayed near center of channel O line.

f. Press POST button.

g. CHECK—That generator output pulse is displayed
near left edge of channel O line.

h. Press PRE but