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DM 502A

OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is for both operating and servicing personnel.
Specific warnings and cautions will be found throughout the manual where they apply, but may not
appear in this summary.

TERMS

In This Manual

CAUTION statements identify conditions or practices that could result in damage to the equipment or
other property.

WARNING statements identify conditions or practices that could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immediately accessible as one reads the marking, or a
hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately accessible as one reads the marking.

SYMBOLS
In This Manual

This symbol indicates where applicable cautionary or other information is to be found.

As Marked on Equipment
& DANGER — High voltage.

@ Protective ground (earth) terminal.

A ATTENTION — refer to manual.

Power Source

This product is intended to operate in a power module connected to a power source that will not apply
more than 250 volts rms between the supply conductors or between either supply conductor and ground.
A protective ground connection by way of the grounding conductor inthe power cord is essential for safe
operation.

REV A JAN 1980 v
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Grounding the Product

When installed in the power module, this product is grounded through the grounding conductor of the
power cord. To avoid electrical shock, plug the power cord into a properly wired receptacle before
connecting to the product input or output terminals. Upon loss of the protective ground connection, all
accessible conductive parts (including knobs and controls that may appear to be insulating) can render
an electric shock.

Use the Proper Fuse
To avoid fire hazard, use only the fuse specified in the parts list for your product, and which is identical in
type, voltage rating, and current rating.

Refer fuse replacement to qualified service personnel.

Do Not Operate In Explosive Atmospheres

To avoid explosion, do not operate this product in an atmosphere of explosive gases unless it has been
specifically cerlified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product covers or panels. Do not operate the product without
the covers and panels properly installed.

Do Not Operate Without Covers

To avoid personal injury, do not operate this product without covers or panels installed. Do not apply
power to the plug-in via a plug-in extender.

vi REV A JAN 1980
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SERVICING SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this product unless another person capable of rendering
first aid and resuscitation is present.

Use Care When Servicing With Power On
Dangerous voltages exist at several pointsin this product. To avoid personal injury, do nottouch exposed
connections and components while power is on.

Disconnect power before removing protective panels, soldering, or replacing components.

Power Source

This product is intended to operate from a power source that will not apply more than 250 volts rms
between the supply conductors or between either supply conductor and ground. A protective ground
connection by way of the grounding conductor in the power cord is essential for safe operation.

REV A JAN 1980 vii
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Section 1—DM 502A

SPECIFICATION

Instrument Description

The DM 502A Digital Multimeter measures dc and ac
voltage and current, dBm, dBV, resistance, and tem-
perature. The ac functions are true rms responding. The
ranges for dc voltage, ac voltage, dBm, dBV, and
resistance are automatically or manually selected as
desired. The current and temperature ranges are manually
selected.

Rear interface connector input is pushbutton selected
from the front panel. Readout in dBm or dBV is chosen by
an internal jumper. The unit is shipped with the internal
jumper in the dBm position.

The readout is a 3 1/2 digit display using seven
segment LED. The decimal point is automatically
positioned depending on the operating range of the
instrument. Polarity indication is automatic.

Accessories

Standard accessories include thisinstruction manual, a
set of test leads, and the TEKTRONIX P6601 temperature
probe. The P6601 temperature probe and temperature
measurement capabilities are deleted for Option 2 in-
struments.

Performance Conditions

The electrical characteristics are valid only if the
DM 502A has been calibrated at an ambient temperature
between +21°C and +25°C and is operating at an ambient
temperature between 0°C and +50°C.

Items listed in the Performance Requirements column
of the Electrical Characteristics are verified by completing
the Performance Check in the Calibration section of this
manual. items listed in the Supplemental Information
column are not verified in this manual. They are either
explanatory notes or performance characteristics for
which no limits are specified.

ELECTRICAL CHARACTERISTICS

Table 1-1
DC VOLTMETER

Characteristics

Performance Requirements

Supplemental Information

Accuracy for 200mVv, 2 V, 20 V, 200 V,
and 1000 V ranges (Front Panel and
Rear Interface)

Automatic or manual ranging.

+18°C to +28°C
200 mV to 200 V ranges
1000 V range

+(0.1% of reading + 0.05% of full scale)
+(0.1% of reading + 0.1% of full scale)

Maximum input for rear interface
is 200 V peak.

0°C to +18°C, +28°C to +50°C
200 mV to 200 V ranges
1000 V range

=(0.2% of reading + 0.1% of full scale) |

+(0.2% of reading + 0.2% of full scale) = Maximum input for rear interface

is 200 V peak.

Common Mode Rejection Ratio =100 dB at dc.

=80 dB at 50 to 60 Hz £0.2 Hz.

Verified with a 1 kQ unbalance in
series with LOW terminal. (Internal
clock frequency must be

| 20.48 kHz £1%.)

Normal Mode Rejection Ratio

=50 dB at 50 or 60 Hz +0.2 Hz.

' (Internal clock frequency must be
| 20.48 kHz £1%.)

11



Specification—DM 502A

Table 1-1 (cont)

Characteristics

Performance Requirements Supplemental Information

Maximum Resolution

100 pV.

Step Response Time

<1 second within any range.
Add 1.5 seconds for each range
change in the AUTO mode.

Input Resistance

10 MQ =0.5%.

Input Terminals

Front panel (EXT) or rear inter-
face (INT). Switch selectable.

Maximum Input Voltage

Front Panel Terminals

VOLTS/1 to LOW 1000 V peak.
VOLTS/Q to Ground 1000 V peak.
LOW to ground 1000 V peak.
Rear Interface Terminals
Pin 28B to Pin 28A 200 V peak.
Pin 288 to Ground 200 V peak.
Pin 28A to Ground 200 V peak.
Table 1-2
AC VOLTMETER (TRUE RMS)
Characteristics Performance Requirements Supplemental Information

Accuracy for 200mV, 2V, 20 V, 200 V,
and 500 V ranges:

Automatic or manual ranging.

Front Panel
+18°C to +28°C

200 mV to 200 V ranges
20 Hz to 40 Hz
40 Hz to 20 kHz

500 V range
20 Hz to 40 Hz
40 Hz to 20 kHz

+(1.5% of reading + 0.3% of full scale)
+(0.6% of reading + 0.3% of full scale)

+(1.5% of reading + 1.2% of full scale)
=(0.6% of reading + 1.2% of fuli scale)

0°C to +18°C, +28°C to +50°C
200 mV to 200 V ranges
20 Hz to 40 Hz
40 Hz to 20 kHz
500 V range
20 Hz to 40 Hz
40 Hz to 20 kHz

+(1.8% of reading + 0.35% of full scale)
+(0.8% of reading + 0.35% of full scale)

+(1.8% of reading + 1.4% of full scale) |
|
+(0.8% of reading + 1.4% of full scale) |

Rear interface

p———— - — —— ——

Increase above percent of reading tol- | Maximum rear interface input is
erances by 0.5%. | 200 V peak.

1-2
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Specification—DM 502A

Characteristics

Performance Requirements

Supplemental Information

Usable from 20 kHz to 100 kHz
200 mV to 200 V ranges

500 V range

Typically <+(5% of reading
+ 0.3% of full scale).

Typically <+(5% of reading
+ 1.2% of full scale).

Common Mode Rejection Ratio

=60 dB at 60 Hz

Verified with 1 kQ unbalance in
series with the LOW terminal.

Maximum Resolution

100 pV.

Response Time

<1 second within any range.
Add 1.5 seconds for each range
change in the AUTC mode.

Input Impedance

10 MQ £0.5% paralleled by
<100 pF.

Input Terminals

Front panel (EXT) or rear inter-
face (INT) Switch selectable..

Maximum Input Voltage
Front Panel Terminals
VOLTS/Q to LOW
VOLTS/Q to Ground
LOW to Ground

500 Vrms, notto exceed 1kV peak.
500 Vrms, notto exceed 1kV peak.
500 Vrms, notto exceed 1kV peak.

Rear Interface Terminals
Pin 28B to Pin 28A
Pin 28B to Ground
Pin 28A to Ground

Not to exceed 200 V peak.
Not to exceed 200 V peak.
Not to exceed 200 V peak.

Crest Factor

4 at full scale on all ranges
except 500 V, <2 on 500 V
range.

Table 1-3
DECIBELS (dB)—TRUE RMS

Characteristics

Performance Requirements

Supplemental Information

Accuracy for —10 dB, +10 dB, +30 dB,

and +50 dB ranges (Front Panel and
Rear Interface)

Automatic or manual ranging.
Front panel shows maximum
range value with 40 dB

below dynamic range.

+18°C to +28°C

+0.5 dB from +50 dB to —50 dB from
20 Hz to 20 kHz.

+0.5 dB from —50 dB to —60 dB from
20 Hz to 2 kHz.

+1.5 dB from —50 dB to — 60 dB from
2 kHz to 10 kHz. o

REV A JAN 1980

Typically <+2.5 dB from
—50 dB to —60 dB from 10 kHz
to 20 kHz.
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Table 1-3 (cont)

Characteristics

Performance Requirements

Supplemental Information

0°C to +18°C, +28°C to +50°C

+1.1 dBfrom +50 dBto—50 dB
from 20 Hz to 20 kHz.

+1.1 dBfrom —50 dBto—60 dB
from 20 Hz to 2 kHz.

421 dBfrom 50 dBto—60 dB
from 2 kHz to 10 kHz.

Typically <+3.1 dB from
-50 dB to 60 dB from 10 kHz
to 20 kHz.

Maximum Resolution

0.1 dB.

Response Time

<1 second within any range.
Add 1.5 seconds for each range
change in the AUTO mode.

Input Impedance

10 ML) =-0.5% paralleled by
<100 pF.

Input Terminals

Front panel (EXT) or rear inter-
face (INT). Switch selectable.

Maximum Input Voltage
Front Panel Terminals
VOLTS/Q to LOW
VOLTS/Q to Ground
LOW to Ground

500 Vrms, nottoexceed 1 kV peak.
500 Vrms, notto exceed 1 kV peak.
500 Vrms, notto exceed 1 kV peak.

Rear Interface Terminals
Pin 28B to Pin 28A
Pin 28B to Ground
Pin 28A to Ground

Not to exceed 200 V peak.
Not to exceed 200 V peak.
Not to exceed 200 V peak.

Crest Factor

4 at full scale except <2 above
40 dB.

Reference Voltage

dBv 1V.
dBm 0.7746 V (1 mW dissipated in
600 Q).
Noise Level

1-4

Typically below —75 dB.
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OHMMETER

Specification—DM 502A

Characteristics

Performance Requirements

Supplemental Information

Accuracy for 200 Q, 2 kQ, 20 kQ,

200 kQ, 2000 kQ, and 20 MQ ranges. |

Automatic or manual ranging.

+18°C to +28°C
200 Q to 2000 kQ ranges

20 MQ range

+(0.5% of reading + 0.05% of full scale

+0.2 Q).

+(1% of reading + 0.05% of full scale).

0°C to +18°C, +28°C to +50°C

200 Q to 2000 kQ) ranges

20 MQ range

+(0.8% of reading + 0.1% of full scale

+0.20Q).

+(1.3% of reading + 0.1% of full scale).

Rear Interface

Add 0.5 Q to the front-panel accuracies
stated for the 200 Q to 2000 kQ ranges.

Response Time

<1 second within any range.
Add 1.5 seconds for each range
change in the AUTO mode.

Input Terminals

Front panel (EXT) or rear inter-
face (INT). Switch selectable.

Maximum Input Volts

130 Vdc or ac rms indefinitely.
230 Vdc or ac rms for 1/2 hour
(200 V peak at rear interface).

Measuring Current and Full
Scale Volts

Full
HI-OHMS  Scale
Range Current  Voliage

200 Q 1mA 02V
2 kQ 1mA 20V
20 kQ AmA 20V
200 kQ 10 pA 20V
2000 kQ 1 uA 20V
20 MQ A uA 20V

Full

LO-OHMS  Scale
Range Current  Voltage

200 Q 1 mA 02V
2 kQ 1 mA 0.2V
20 kQ 10 A 02V
200 kQ 1 uA 02V
2000 kQ A uA o2V
20 MQ A pA 20V
Maximum Resolution 100 mQ.
Maximum Open Circuit Voltage 14 V.
@ 15



Specification—DM 502A

Table 1-5
DC AMMETER
Characteristics Performance Requirements Supplemental Information
Accuracy for 200 zA, 2 mA, 20 mA, Manual ranging only.

200 mA and 2000 mA ranges:

Front Panel only
+18°C to +28°C +(0.2% of reading + 0.05% of full scale).
0°C to +18°C, +28°C to +50°C +(0.3% of reading + 0.1% of full scale).

Response Time <1 second.

Maximum Open Circuit Input Voltage

mA to LOW terminals 250 V peak.
Maximum Input Current 2 A on any range.
Input Terminals Front panel input only.
Input Resistance Range Resistance
200 pA 1 kQ
2 mA 100 Q
20 mA 1020
200 mA 1.2Q
2000 mA 040
Maximum Floating Voltage
mA terminal to Ground 1000 V peak.
LOW terminal to Ground 1000 V peak.
Table 1-6
AC AMMETER (TRUE RMS)
Characteristics Perlormance Requirements Supplemental Information
Accuracy for 200 uA, 2 mA, 20 mA, 200 mA) Manual ranging only.
and 2000 mA ranges:
Front Panel
40 to 10 kHz Sine wave
+18°C to +28°C +(0.6% of reading + 0.3% of full scale). | Useable to 20 kHz.

0°C to +18°C, +28°C to +50°C | £(0.7% of reading + 0.5% of full scale).

Response Time <1 second.

Maximum Open Circuit Input Voltage

mA to LOW terminals 250 V peak.
Maximum Input Current 2 A on any range.
Input Terminals Front panel input only.
Input Resistance Same as for dc ammeter.

Maximum Floating Voitage

mA terminal to Ground 1000 V peak.
|

LOW terminal to Ground I[ 1000 V peak.

1-6 @
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Table 1-7
TEMPERATURE

Characteristics

Performance Requirements Supplemental Information

Accuracy for the —55°C to +200°C range:

Manual ranging only.

+18°C to +28°C
Ambient

P6601 Probe calibrated to
instrument

+2.5°C from —55°C to +150°C.
=3.5°C from +150°C to +200°C.

Any P6601 probe

+4.5°C from —55°C to +150°C.
+5.5°C from +150°C to +200°C.

0°C to +18°C, +28°C to +50°C
Ambient

Probe calibrated to instrument

+4°C from —55°C to +150°C.
+5°C from +150°C to +200°C

Any probe

+6°C from —55°C to +150°C.
+7°C from +150°C to +200°C.

Input Terminals

Front panel only.

Table 1-8
MISCELLANEOUS

Characteristics

Description

Power Consumption

Approximately 8 W.

Reading Rate

3 per second.

Over-Range Indication

Flashing display except 1000 Vdc and 500 Vac ranges.

Warm-up Time

30 minutes (60 minutes after storage in high humidity environment).

1-7
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ENVIRONMENTAL CHARACTERISTICS

Table 1-9
ENVIRONMENTAL"
Characteristics Description
Temperature
Operating 0°C to +50°C" Test to MIL-T-28800B, class 5 with
Nonoperating ~55°C to +75°C exceptions®.
Humidity
Operating +30°C and +50°C to 90%, +5 —0%"°| Test to MIL-T-288008, class 5.
Nonoperating +30°C to +60°C to 90%, +5 —0%
Aititude
Operating 4.5 km (15,000 ft.)° Test to MIL-T-28800B, class 3.
Nonoperating 15 km (50,000 ft.)
Vibration
Operating 0.64 mm (0.025") disp., 5-55-5 Hz"‘ | Test to MIL-T-28800B, class 3.
(sine wave) 75 min. total
Shock

Nonoperating

50 g's (1/2 sine) 11 ms**
18 shocks

Test to MIL-T-28800B, class 3.

Bench Handling

Operating 45° or 4" or equilibrium®, Test to MIL-T-288008, class 3.
whichever occurs first.
E.M.C.
Operating 30 Hz to 1 GHz" Test to MIL-T-28800B, class 3.

Electrical Discharge

Operating

20 kV max.”

Charge applied to each protruding
area of the product under test
except the input terminals. No
MIL-T-28800 equivalent..

Transportation

Qualified under National Transit
Association Pre-shipment Test
Procedures Project: 1A-B-1 and
1A-B-2.

* See Table 1-10 for system modifiers.

"With power module.
“Without power module.

"Tarnperaiure: During low temperature test MIL-T-28800B, paragraph 4.5.5.1.3(b) for class 5, steps 4 and 5 shall be performed
before step 2. Also, the instrument shall not be operating during step 6, paragraph 4.5.5.1.3(e), class 5. While operating,
condensed moisture shall not be present on class 5 instruments. Drying of the instrument for this class may be performedina

suitable chamber, if necessary.

1-8
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Table 1-10

TM 500 SYSTEMS
ENVIRONMENTAL SPECIFICATIONS

Characteristics

]
T™ 501 TM 503 TM504 | TM 506 ™ 515

Temperature

Operating
Nonoperating

Meets same test standards as plug-in.

Humidity

Operating
Nonoperating

Meets same test standards as plug-in.

Altitude

Operating
Nonoperating

Meets same test standards as plug-in.

Vibration

Operating

0.26 mm (0.010 in) disp., 10-55 Hz (sine wave) 0.38mm (0.015in)
75 min. total disp. 10-55 Hz
(sinewave) 75min.

Shock
Operating

20 g's (1/2 sine) 11 ms, 18 shocks 304g's(1/2sine)
11 ms, 18shocks

Bench Handling
Operating

Meets same test standards as plug-in.

Electric Discharge

Operating

Transportation

Vibration
Package Drop

Meets same test standards as plug-in.

Meets same test standards as plug-in.

Table 1-11
PHYSICAL CHARACTERISTICS
Characteristics Description
Finish Anodized aluminim panel and chassis
Net Weight =~2.5 Ibs. (1.13 kg).

Overall Dimensions

2.633 in (66.8 mm) W x 11.240 in (285.3 mm) D x 4.961 in (125.9 mm) H.




Section 2—DM 502A

OPERATING INSTRUCTIONS

Installation and Removal

The DM 502A is calibrated and ready for use when
received. It operates in any compartment of a TM 500
series power module. See the power module instruction
manual for line voltage requirements and power module
operation. Figure 2-1 shows the DM 502A installation and
removal procedure.

E\I A I A I A ANT

CAUTION g
[ W W oS e T a
Turn the power module oifi before inserting the
DM 502A. Otherwise, arcing may occur at the rear
interface connectors, reducing their useful life and
damage may be done to the plug-in circuitry.

Before installing the DM 502A in the power module,
make certain that the internal jumper is set for the desired
dB mode of operation, dBm, of dBV. Refer the setting of
this jumper to qualified personnel.

Check to see that the plastic barriers on the inter-
connecting jack of the selected power module compart-
ment match the cutouts inthe DM 502A circuit board edge
connector. Align the DM 502A chassis with the upper and
lower guides of the selected compartment. Press the
DM 502A in and firmly seat the circuit board in the
interconnecting jack.

To remove the DM 502A pull the release latch (located
in the lower left corner) until the interconnecting jack
disengages and the DM 502A slides out.

Check that the DM 502A is fully inserted in the power
module. Pull the power switch on the power module. One
or more characters in the LED display should now be
visible.

"

g

POWER
MODULE

Barrier
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Fig. 2-1. Installation and removal.
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Operating Instructions—DM 502A

Controls, Connectors, and Indicators

All controls, connectors, and indicators (except for the
rear interface connector and the internal jumper used to
select readout for the dBm or dBV modes) required for
operation of the DM 502A are located on the front panel.
Figure 2-2 provides a brief description of all front-panel
controls, connectors, and indicators.

@ Display

@ ® 06 ® ®

Q)
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3 1/2 digit LED readout with properly positioned
decimal point. Special scale factors are il-
luminated by separate LEDs.

A

Illuminated when units are microamperes.

mV

Illuminated when units are millivolts.

Q

Illuminated when units are Ohms.

MQ

Illuminated when units are megohms.

VOLTS
DC

Selects dc voltage ranges.

VOLTS AC TRUE RMS

Selects ac voltage ranges.

dBm/dBV A

See Decibel Measurements on page 2-4.

Selects dB ranges when depressed along with AC
VOLTS TRUE RMS. Reference dBm or dBV is
internally selectable.

kQ

Selects resistance measuring ranges.

HI-LO

Button in selects full scale voltage as 0.2 in all
ranges except 20 MQQ which is 2 V. Button out
selects full scale voltage as 2 except in 200 Q
range which is 0.2 V.

mA
DC

Selects dc current measuring range.

AC

Selects ac current measuring ranges.

INPUT EXT-INT A

Button out selects front panel input; button in
selects rear interface input for dc and ac volts,
resistance and current measurements only.

g\.’\m\r\r\r\l‘m
2 CAUTION 3

The maximum input voltage is 1 kV peak at the front
panel connectors and 200 V peak at the rear inter-
face connectors. The front panel VOLTS/Q and
LOW connectors may be floated 1 kV maximum
above ground, the rear input connectors 200 V.

®

©,

® @ @ ®

®

TEMP °C

Select temperature readout in °C.

A\

Use in conjunction with LOW terminal for current

measurements.

mA

LOwW

Common terminal for all inputs except
temperature.

TEMP

Connect temperature probe to this terminal.

Ground Terminal
Chassis ground.

voursa I\

Use in conjunction with LOW terminal for voltage
and resistance measurements.

AUTO (20 MQ)

Selects automatic ranging for dc and ac voltage,
dB and resistance. The 20 MQ2 range is available
only in the automatic mode.

Range Select Pushbuttons

Press these buttons to select the desired mea-
surement ranges.
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Operating Instructions—DM 502A

Fig. 2-2. Front panel controls and connectors.
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Operating Instructions—DM 502A

Input Connections

If the INPUT button is pressed, signal inputs are made
via the rear interface connector (INT); if the button is out,
signal inputs are made via the front panel connector
(EXT).

HW g

2 CAUTION g

L A W W A N N
The maximum input voltage is 1 kV peak at the front
panel connectors and 200 V peak at the rear inter-
face connectors. The front panel VOLTS/Q and
LOW connectors may be floated 1 kV maximum
above ground, the rear input connectors 200 V.

Three input jacks provide measurement connections.
The VOLTS/Q and LOW input jacks are normally used for
all measurements except current and temperature. Nor-
mal measurement conditions will be with the LOW ter-
minal ungrounded. A connection between the LOW and
GND input jack post may be made to reference the input
against DM 502A chassis ground. Use caution, as the
LOW terminal is then connected to earth ground through
the three-wire power cord. False readings may be ob-
tained due to ground loops.

Making Measurements

Wwith the DM 502A properly installed in the power
module, allow 30 minutes warmup time for operation to
specified accuracy. Select the desired measurement
mode: voltage, decibels, resistance, current, or
temperature. Then select the desired measurement range
or the automatic (AUTO) range in all modes except
current and temperature. When the value of the
measurand is unknown, use the automatic mode. Units of
measurement are volts, decibels, kilohms, milliamperes or
degrees centigrade unless the appropriate suffix uA
(microamperes), mV (millivolts), Q (Ohms) or MQ
(megohms) is illuminated at the right of the display. The
decimal point is automatically positioned. To use the
20 MQ range push the button marked AUTO (20 MQ). If
the autoranging feature is not desired, push the desired
measurement range button. The measurement units are
read the same as in the automatic mode of operation.

Dc Voltage Measurements

Press the VOLTS DC pushbutton and AUTO or the
desired measurement range button. Apply the voltage to
be measured to the VOLTS/Q and LOW connectors.
Observe the maximum voltage ratings. The readout
displays a + if the VOLTS/Q input is positive with respect
tothe LOW input. A—isdisplayedifthe LOWinputis more
positive. With the input shorted, the display reads zero, =
one count.

24

Ac Voltage Measurements

Press the VOLTS AC TRUE RMS and AUTO or the
desired measurement range button. Apply the voltage to
be measured to the VOLTS/Q and LOW connectors.
Observe the maximum input voltage ratings.

Decibel Measurements A

Press the VOLTS AC TRUE RMS, dB, and AUTO or the
desired measurement range pushbutton. The DM 502A
will read directly in dBm or dBV depending on the position
of the internal jumper. This jumper is located on the main
board in the upper rear quadrant and is numbered P1517.

Refer jumper change to qualified personnel.

The formula for calculating dB from voltage is:

Ex
dB = 20 ilogw —
E

When the DM 502A is set for dBV, 1 V is the reference
voltage (E,) in the formula and the instrument calculates
and displays the dBV value. When the jumper is set for
dBm, the reference voltage is 0.7746 V, the equivalent of
1 mW dissipated in 600 Q. The unknown voltage is Ez.

Resistance Measurements

Connecttheresistance to be measuredtothe VOLTS/Q
and LOW input terminals. Select the maximum resistance
measuring range desired by pressing the appropriate
pushbutton or the AUTO pushbutton if automatic ranging
is desired. Press the kQQ and the HI or LO pushbutton
depending on the voitage desired at the measurement
terminals. The voltage at the measurement terminals with
the LO pushbutton pressed is 0.2 V in all ranges except
20 MQ, which is 2.0 V. With the HI pushbutton pressedthe
voltage is 2.0 Vin all ranges except 200 Q which is 0.2 V.
Use the LO ranges (lower voltage) for incircuit resistance
measurements where diode junctions might be forward
biased with the higher voltages.

Current Measurements

Connect the ac or dc current to be measured to the mA
and LOW input connections. Observe the maximum
voltage ratings. Press the mA, DC, or AC pushbuttons and
the current range desired. The DM 502A does not auto
range in the current modes.

®



Temperature Measurements

Connect the P6601 temperature probe to the front
panel TEMP connector. Use care to align the connector
pins. Press the TEMP °C button. For best accuracy
calibrate the individual instrument to the probe used.
Apply the probe sensor tip to the device being measured.
For optimum temperature transfer, coat the surface of the
device being measured with silicone grease and apply the
probe tip squarely to the surface. Allow sufficient time for
the probe tip to stabilize before taking a reading. The time
required depends on several factors. Generally, when the
tip is first applied to the device under test, the readings
change less rapidly and finally stabilize.

See the P6601 manual for more information on
temperature measurements and probe use.

Operating Instructions—DM 502A

Repackaging Information

If the Tektronix instrument is to be shipped to a
Tektronix Service Center for service or repair, attach atag
showing the owner (with address) and the name of an
individual at your firm that can be contacted. Include the
complete instrument serial number and a description of
the service required.

Save and re-use the package in which your instrument
was shipped. If the original packaging is unfit for use or
not available, repackage the instrument as follows:

Surround the instrument with polyethylene sheeting to
protect the finish of the instrument. Obtain a carton of
corrugated cardboard of the correct carton strength
and having inside dimensions of nolessthansixinches
more than the instrument dimensions. Cushion the
instrument by tightly packing three inches of dunnage
or urethane foam between carton and instrument on all
sides. Seal the carton with shipping tape or an in-
dustrial stapler.

The carton test strength for this instrument is 200
pounds per square inch.
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Section 3—DM 502A

THEORY OF OPERATION

Introduction

The DM 502A is an analog-to-digital converter with the
input circuits,. logic, display devices, and power supplies
necessary to display, in digital form, the value of an input
voltage, current, resistance, or temperature. The analog-
to-digital converter is an integrating amplifier (analog
processor) controlled by digital circuitry. Refer to the
block diagram in the foldout pages for an overall view of
the DM 502A operation.

Voltage and dB Input Circuitry @@

Input from either the front panel VOLTS/Q and LOW
connectors or the rear interface input is selected by S4. In
all modes except temperature, the LOW input connectsto
the analog board floating ground. Voltage applied to the
VOLTS/Q connector passes through S1-C and S1-Btothe
junction of R1118C and R1218. The attenuator is com-
posed of three resistors, R1118A, B, and C. In all modes
except resistance, R1118A is connected to the floating
ground on the analog board through S1-C. The desired
attenuationis selected by relays K1114, K1115,and K1216
(see Table 3-1). Input to ac buffer amplifier U1013 is ac
coupled through C1401. The attenuator is ac compen-
sated by C1213, C1215, and C1212. The dcvoltage passes
through DS1014, S1-E, S1-D, S1-B, S1-F, and R1416to pin
15 of the analog-to-digital converter, U1461, shown on
schematic 2.

In the ac voltage mode, C1401 is connected in series
with the attenuator, as previously described. The
attenuated ac voltage is applied to pin 3 of U1013. The gain
of this operational amplifier is either 1 or 10 as determined
by the position of K1113. When R1113 is grounded
(through S1-C and K1113) the gain is 10. The ac signal
passes from pin 6 of U1013to pin 1 of U1205, atrue rms-to-
dc converter. This converter chip computes the root-
mean-square level of the ac input signal and gives the
equivalent dc output level from pin 8. This dc output
connects to the input of the analog-to-digital converter,
U1461. The dB conversion also takes placein U1205. The
output at pin 5 (—3 mV/dB) is applied to pin 7, the plus
input of a unity-gain buffer amplifier contained in U1205.
The dc output voltage from the buffer output at pin 6 is
applied to the negative input of three operational
amplifiers, U1004B, U1025A, and U1015 (located on
schematic 2). Appropriate dB scaling current from U1501
is applied to the junction of R1107 and pin 6 of U10048E.
This current, when added to the dc current from the buffer
output at pin 6 of U1205, provides the correct output
voltage at pin 7 of U1004B for the dB range selected.
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The output from U1004B, pin 7, is applied to the analog-
to-digital converter input in the dB mode via the ap-
propriate switches. When the dB output voltage at pin 2 of
U1025A goes sufficiently negative, detérmined by the
setting of R1024, pin 1 of U1025A goes to a TTL high,
indicating dB overrange to the autoranging circuitry. Pin7
of U1025B goes high when the buffer output from the true
rms converter is underrange, as determined by the setting
of R1012.

Ohms Converter @

The current setting resistances connect from the
output to the plus input terminal of U1013, an operational
amplifier. These are the same resistances used for voltage
attenuation, as previously described. The voltage
developed across the external unknown resistance is
applied between the plus terminal of U1013 and floating
ground. Negative feedback occurs from the output of
U1013 to the negative input terminal. The gain of U1013,
when used in the resistance mode, is reduced by a factor
of 10 when R1113 is added (through $1-C and K1113) to
the negative feedback loop. When the HI-LO button is
pushed R1113is connected in the circuit via K1113, pins 1
and 4. Current reference for this circuitry (1 mA) is
provided by Q1301 in conjunction with VR1303. Calibra-
tion for U1013 in the resistance mode is provided by
R1306..

The purpose of the ohms converter is to provide
constant current, within the measurement range selected,
to the unknown resistance. The voltage drop across the
unknown resistance is applied to pin 3 of U1013. This
voltage drop is applied directly to the input of the analog-
to-digital converter (U1461) and displayed as a resistance
value.

Temperature Measurement Circuitry @

Temperature is measured by passing a 1 mA constant
current through aresistance inthetemperature probe (the
resistance varies with temperature) and measuring the
voltage drop across this resistance. Constant current
(1 mA) for the temperature probe is supplied by Q1301.
The voltage is applied to pin 2 of U1004A. Voltage offset
that would cause a zero temperature error is balanced out
by R1001. The gain of amplifier U1004A is set by R1002.
Output from the temperature amplifier is taken from pin 1
and applied through the appropriate switching tothe input
of the analog-to-digital converter.
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Theory of Operation—DM 502A

RELAY AND ATTENUATOR (Q1472) LOGIC

Table 3-1

RELAY

RELAY AND Q1472

LOGIC

K1113

K1114

K1115

K1216

K1442

Q1472

200 mV

DC
VOLTS

2V

2V

200V

1000 V

| X | | | >

AC
VOLTS/dB

200 mV

2V

20V

200V

S00V

DC
mA

200 pA

2mA

20 mA

200 mA

2000 mA

| x| x| | X

x| x|x|x[x|®|® @

AC
mA

200 yA

2 mA

20 mA

200 mA

2000 mA

Q0 O (@ @ | x| x| x|x|x

5 | 2 | X > | x x| M| X |x |X

KQ

HI
200 0

LO

HI
2K

LO

Hi

LO

Condition does not affect operation

Open
Closed

HI
200 K

Lo

HI
2000 K

LO

HI
20M

Lo

TEMP

=L BE AN J

ol K BL AR AR BN J

3-2
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Current Measurement Circuitry @

Currents to be measured are applied through the front
panel mA and LOW connectors. The current flows through
a protective fuse (F1017) and through the appropriate
current shunt resistors as selected by the current range
switches, S2-B through S2-E. The voltage drop across
shunt resitors R1041A through C, R1058, and R1151, is
applied directly to the analog-to-digital converterinthe dc
mode. The voltage drop across the shunt resistors in the
ac mode is applied through appropriate switching to
amplifier U1013 (X10 gain), to pin 1 of the true rms

converter and then as a dc signal to the analog-to-digital

converter.

Analog-to-Digital Converter <2>©

The converter (see the Block Diagram for Analog-to-
Digital Converter) in the DM 502A operates on the charge
balancing principle. The net charge put into an integrator
over one integration cycle is zero. This converter has no
fixed charging period. The charging continues for aslong
as necessary to get the capacitor voltage to cross a fixed
threshold level. A reference current is subtracted fromthe
input current and the capacitor discharges until the
threshold level is crossed again. The process repeats until
the conversion period is over. A counter, which only
accumulates clock pulses when both the input signal and
the reference current are applied to the capacitor, con-
tains a number of counts proportional totheinput voltage.

Auto Zero Interval @@

Referring to Fig. 3-1, during the auto zero (AZ) interval
the offset voltages generated in the internal amplifiers are
nulled. A tracking reference voltage is automatically
established. This voltage is necessary for bipolar conver-
sion. The auto zero sequence is initiated when the
measure-zero (M/Z) signal from U1311 switches theinput
buffer amplifier to ground. After a brief count correcting
override period, the auto zero amplifier and integrator are
connected together. During this time, the control logicin
U1311 ignores the comparator output and pulses the
internal up-down switch of U1461 at a 50% duty cycle (4
clock periods up and 4 clock periods down) Equilibrium
of this system is attained when the average currents
through R1458, R1443, and R1455 are equal and opposite.
The auto zero voltage is thus established and stored on
C1562. This is approximately —1 V and is noted on Fig.
3-1. This auto zero voltage stored on C1562 establishes a
reference voltage for the up-down (U/D) logic to switch
either a plus or minus reference current to the integrator
during conversion. When the up-down line (U1461, pin 4)
is high, the reference voltage is positive. The auto zero
time interval is sufficient to ensure that the auto zero
voltage is well established.
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Theory of Operation—DM 502A

Converter U1461 is gain switched by relay K1442. The
gain is sufficient for a 200 mV full scale reading with the
relay energized or 2 V full scale with the relay off. The 2 V
full scale reading is adjusted by R1443 and the 200 mV full
scale reading is adjusted by R1531. The auto zero filter is
composed of R1454 and C1562. Additional offset chargeis
supplied during the auto zero interval from the measure-
zero line, (U1311, pin 10), through Q1553 and C1553.
Reference voltage for U1461 comes from a 6.2 V Zener
diode, VR1565.

Measurement Interval @@

The digital control logic in U1461 feeds units of charge
{controlled by an analog comparator) to the integrating
capacitor, C1432. This charge balances the charge
supplied to the integrator by the analoginput voltage. The
sign of the charge fed back depends on the two up-down
duty cycles available during the measurement interval as
shown in Fig. 3-1. The comparator output is highwhenthe
charge on C1432 is above approximately —1 V and low
when the charge is below approximately —1 V. The clock
for the converter is generated by U1611. Potentiometer
R1523 is adjusted for a frequency of 20.48 kHz. The up-
down logic is high for 1 clock cycle and low for 7 clock
cycles for a high comparator output in the clock cycle
preceding the set of 8 cycles just described. This is
designated duty cycle A. When the comparator output is
low in clock cycle 7, the up-down logic is high for 7 cycles
and low for 1 cycle during the 8 clock cycles following duty
cycle A. This is shown as duty cycle B. The bottom
waveform in Fig. 3-1 shows the effect of these two
reference current duty cycles ontheintegrator output (pin
11 of U1461). When the up-down logic is in the high state
(duty cycle B), theintegrator output voltagerises. The bed
counter in U1311 increments by each clock pulse when
the up-down logic is high and decrements by each clock
pulse when the up-down logic is low. The net count
increases by 6 counts for the B duty cycle and decreases
by 6 counts for the A duty cycle.

Input polarity is determined by the first appearance of
two consecutive duty cycles of the same type. The control
logic determines the analog input as negative if two A duty
cycles occur in succession and positive if two B duty
cycles occur in succession.

A short override interval is provided at the end of the
measurement cycle (M/Z goes low) to tune the count to
the nearest least significant bit. This occurs within the first
32 clock periods of the auto zero interval. The contents of
the bed counters and the sign information are loaded into
the internal latches following the override sequence.
Counter accumulations less than 100 or greater than 1899
are decoded as underrange or overrange information,
respectively.
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The underrange signal is impressed on bit 4 during D4
time. The overrange signal blanks the display during the
auto zero interval. Overrange information to U1321 is
provided when all time slot lines go low causing a high on
pin 8 of U1301A. The timeslotlinesare pins 1, 2, 3, and 4 of
U1311. Pin 8 of U1301A alternates high and low during
overrange at the measure —zero rate (display blinks).

The bcd data stored in the latches is scanned every 32
clock periods (8 clock times per digit). Figure 3-2 shows
the output data format for U1311. Sign information
appears on pin 5 with a high for positive and a low for
negative. All outputs are active in the high state.

The input to the analog-to-digital converter, pin 15 of
U1461, is attenuated by a factor of 10, when operating in
the 500 V range, through R1466, C1561, and Q1472. This
attenuator is also activated during some range changes
when in AUTO mode, to shorten the discharge time of the
auto zero filter. When the base of Q1456is low, FET Q1472
conducts, placing the attenuator from the iinput to
ground.

The bed information from U1311 (see Fig. 3-2) is fed to
the inputs of U1201, a bed to seven segment decoder
driver. The outputs of U1201 are connected in parallel to
all of the display modules except the most significant digit.
The digits arescannedina, 3, 2, 4 sequence from pins 1,
2, 3, and 4 of U1311. These four lines are connected to
inverters U1211A, B, C, and D, which in turn drive
transistors that supply +5 V to the anodes of the display
modules. The current for the sign is supplied by Q1105
and the cathode is pulled low via U1211E. Logic informa-
tion on P1221, pin 10, blanks the sign when ac volts, ac
current, or resistance is selected. When the sign is
activated, the base of Q1105 is asserted low. Transistor
Q1105 conducts, supplying current to the segmentsinthe
most significant digit module. The sign appears when dc
volts, dc current, dB, or temperature is selected.

Theory of Operation—DM 502A

Decimal Point Logic @

The decimal point cathodes are grounded via U1361C
and R1119 during the appropriate time slot. Time slot 2
feeds to pin 1 of U1421A. Timeslot 3, corresponding tothe
second most significant digit, is fed to pin 9 of U1431B.
Time slot 4 feeds pin 2 of U1431A. The other inputs for
U1231C, U1431A, U1431B, and U1331D go low when a
particular range is selected. The input lines are labeled on
the schematic according to their logic function.

When ac volts, dB, ortemperature modeis selected, pin
11 of U1431B, pin 13 of U1431A, and pin 9 of U1231C are
low. Thig action locks cut U1431A and U1431B and places
a high at pin 8 of U1231C. When time slot 2is scanned, pin
1 of U1421A goes high. This causes a low at pin 3 of
U1431C, and consequently, the decimal point lines to the
display modules are low only when the second most
signficant digit is scanned. This places the decimal point
in the proper position. Thereis no active decimal pointline
for the 1000 V dc, 500 V ac, 2000 kQ2, and 2000 mA but-
tons as there is no decimal point in the display when these
buttons are pressed. When the 20 MQ range is selected,
pin 12 of U1331D goes low. This action illuminates the
20 MQ LED, DS1102, during the fourth time slot. The
cathode is pulled low through R1132. The low on pin 12 of
U1331D causes pin 11 of U1331D to go high. In the
resistance mode, pin 11 of U1431Bis high. During the third
time slot pin 9 goes high causing pin 8 of U1431B to go
low. This action illuminates the decimal point in the
second most significant digit module. If the top most
measurement range pushbutton is pressed (200 mV, Q,
u1A), pin 10 of U1231C goes low. This illuminates the
appropriate LED, DS1101, on the front panel and causes a
high at pin 2 of U1421A. When the second time slot is
scanned, pin 3 of U1421A goes low and, as previously
described, the decimal point is illuminated in the second
least significant digit module.

0 8 16 24 32 a0 a8 56 64
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Fig. 3-2. Data output tormat from U1311 for a display of 1492. The most significant digit is DA
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Auto Ranging Circuitry @

A decade counter (U1146) provides, through various
logic gates, the necessary signals to open or close the
various relays in the attenuator circuits. Overrange infor-
mation from U1321 provides a negative to positive transi-
tion at the clock input, pin 14 of U1146, each time
overrange information is presented at the input of U1321.
The counter, U11486, is reset to zero whenever pin 6 of
U1321 goes low. This action causes a high at pin 15 of

U1146. Pins 9, 10, and 11 or pins 1, 13, and 12 of U1321°

must be high to cause U1146toincrease by one count. For
example, when the dB and VOLTS AC TRUE RMS
pushbuttons are pressed, pin 9 of U1221A is low. This
causes pin 11 of U1321 to be high. Pin 8 of U1321 goes
high when the dB input voltage is overranged. The dB
overrange and underrange circuitry was described under
Measurement Interval. With pin 8 of U1221A high, pin 3 of
U1301B is also high. A high exists on pin 5 of U1301B
during overrange conditions. This high enables U1301B
and pin 6 is low. This action causes a high on pin 11 of
U1421D enabling U1421C. As the measure-zero (M/Z) line
from U1311 alternates high and low for the measure
interval timing and auto zero timing, pin 9 of U1421C
follows. Pin 8 of U1421C goes high and low at the
measure-zero rate which in turn causes pin 10 of U1321 to
alternate at the same rate. As pin 10 of U1321 alternates
high and low (with pins 9 and 11 of U1321 high), pin 8 of
U1321 also transits from high to low. This causes pin 14 of
U1146 to step low to high. The count output from U1146
increases by one for each clock transition. As pin 8 of
U1421C alternates high to low, the display is flashed via
pin 4 of U1201, the seven segment decoder driver. The
display blinks, indicating overrange or underrange, via
internal circuitry in U1311 through thetimeslot lines (pins
1 through 4 of U1311) in all modes except dB overrange
and underrange (underrange in all ranges except the
lowest) and ac or dc current when in the automatic mode.
Under these exceptions the display is caused to blink
through pin 4 of U1201. When the unit is not inthe ac volts
and dB mode, pin 12 of U1321 is high. Overrange
information from U1301A is also high (pin 13 of U1321).
This causes a high to low transition at pin 8 whichin turn
steps the counter one count.

A high to low transition on pin 6 of U1321 causes a high
on pin 15 of U1146 which resets the counter to zero. This
action occurs with highs on pins 4and 5 (or pins 3and 2) of
U1321. Pin 5 of U1321 is high as determined by the dB
underrange circuitry. Pin 4 is highwheninthe ac volts and
dB modes. Pin 10 of U1136D is high when the most
significant digit is illuminated. Pin 9 is high when the
fourth binary bit at pin 13 of U1311 is high. This causes a
high on pin 2 of U1321 which results in a low at pin 6.

Power-up reset occurs through U1126D. When power
is first applied, pin 11 is high. This causes pin 13to golow,
which causes a high on pin 15 of U1146, resetting the
counter to zero
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When pin 12 of U1411C is low, the 10X attenuator at the
input to the analog-to-digital converteris connected inthe
circuitry. This occurs when pin 13 or pin 2 of U1411C is
high. For U1411A, when the overrange condition is true
(pin 10 low), the auto mode condition exists (pin 9 low),
and when any range other than the 20 MQ range or the
2000 range (for any function other than ohms) is selected
(pin 11 low), pin 8 will be high. The 10X attenuator is also
activated when pin 5 of U1441B is low (500 V ac volts
mode) and when pin 4 is low (ac volts and dB mode).

When the unitisin the resistance mode, pin 5 of U1136B
and U1421Bis low. This action disables these gates. Inany
mode other than resistance, pin 5 of these gates is high.
When the 2000 range is activated, pin 4 of the U1136B goes
high. This causes pin 6 to go low forcing pin 13 of U1148
high, disabling the clock input at pin 14 and preventing
any range higher than the 2000 range. If, however, the unit
is in the resistance mode, U1136B is disabled and the
clock input is no longer disabled in the 2000 range. Inthe
20 MQ range, which is reached only in the automatic
mode, pin 12 of U1156Ais low. This forces pin 3 of U1136C
high disabling the clockinput of U1146 and preventing the
range count from exceeding the 20 MQ range. The carry
out signal, pin 12 of U1146, goes low between the 4th and
5th counts. This low on pin 12 ensures a high on pin 4 of
U1421B. If the unit is switched from the resistance mode,
pin 6 of U1421B goes low. This low causes a high at pin 15
of U1146 and resets the counter to zero. This is necessary
as the fifth count in any mode other than AUTO is illegal.

Relay Switching Circuitry @

As previously described, U1146 will increase the count
output until the analog-to-digital converter outputs a
count greater than 99 and less than 2000. The count
output from pins 3, 2, 4,7, 10, and 1 passthrough inverters.
The signals then pass through S2-F, the AUTO range
switch. If the auto mode is not selected, the inputs to
inverters U1166A through E are connected to the manual
range select switches, S2-A through E. The range is
selected when the manual switch wiper contactis ground-
ed and disabled when the wiper is connectedto+5 V. The
output from either inverters U1156A through F or the
manual range select switches connects to the input of
inverters U1166A through E. Their outputs are logically
ANDed to the various range select lines, as labeled on the
schematic, which drive the relay drivers U1361A through
E. The logic to the AND-OR gate circuitry driving the relay
drivers is apparent from the lines labeled on the
schematic. When the output of U1361A is low, the
attenuator is in the 1X position. When pin 15 of U1361B is
low, the attenuator is in the 100X position. When pin 14 of
U1361C is low, the attenuation is 1000X. When pin 13 of
U1361E is high the analog-to-digital converter is in the
200 mV full-scale mode, and when low, the converterisin
the 2 V full-scale mode. With pin 12 of U1361D low, the
gain of U1013 is unity
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dB Offset Current Source <2>

Offset current is provided at pin 6 of U1004B, in the dB
mode, to provide proper scaling factors. This current is
supplied via two sources. The first is a negative current
from the —12 V supply through R1512, R1518, and R1418.
This current is the only offset current when in the +40 dB
range. Using variable resistor R1518, adjustment of the
negative current source is done in the +40 dB range. The
second is a positive current source derived from the
+15.75 V supply and a divider composed of R1521 and
R1515. This source is connected to three equal resistors,
R1416, R1514, and R1516. These three current sources are
controlled by a quad-bilateral switch, U1501. When the .2
range (—10 dB) is selected, maximum offset current is
supplied (U1401A, B, and C are enabled). When the 2
range (+—10 dB) is selected, U1401A and U1401B are
enabled reducing the offset current by one third. In the
next higher range, the 20 range (+30 dB), U1401C is
enabled and the current is reduced to one-third the
maximum value. The additional dB ranges require no

Theory of Operation—DM 502A

external offset current. The dB Reference current is
adjusted by R1518. R1418 is shorted by P1517 to slightly
increase the dB scaling current for the dBm mode.

Power Supplies <2>

The 25 V acissupplied from the power module through
rear interface pins 13A and 13B to the primary of T1721.
The correct ac output voltage at pin 7 and 9 of T1721 is
bridge rectified and applied to two three-terminal
regulators, U1655 for the +15.75 V and U1754 for the
—12 V. The normally grounded reference point for U1655
is raised slightly above ground by R1771. This raises the
output of U1655 by 0.75 V. The ac voltage at pins 10and 12
of T1721 is full-wave rectified and applied to a three-
terminal regulator, U1651. The output of this regulator is
+5 V. All three-terminal regulators are internally current
limited. Zener diode VR1451 supplies +12 V from the
+15 V supply.

37



CALIBRATION

PERFORMANCE CHECK

Introduction

This procedure checks the Electrical Performance
Requirements as listed in the Specification section in this
manual. Perform the internal adjustment procedure if the
instrument fails to meet these checks. In some cases,
recalibration may not correct the discrepancy; circuit
troubleshooting is then indicated. Also, use this
procedure to determine acceptability of performanceinan
incoming inspection facility. For convenience, many steps
in this procedure check the performance of this instru-
ment at only one valuein the specified performance range.
Any value within the specified range, within appropriate
limits, may be substituted.

Section 4—DM 502A

To check the rear interface accuracy specifications,
access the rear interface pins 28A (LO) and 28B (HI) with
an Option 2 power module. Instructions and accuracy
tables for rear interface performance checks are given

following this procedure,

Test Equipment Required

The following test equipment, or equivalent, is
suggested to perform the Performance Check and the

Adjustment Procedure.

Table 4-1
TEST EQUIPMENT

Description Minimum Specifications

Purpose

Examples of Applicable
Test Equipment

— - - -

0 Vto 1 kV within £0.01%.

Dc voltage source

Dc voltmeter check.
Adjust 2 V and 0.2 V ranges.

0 Vto 500 V rms, 40 Hz
to 20 kHz within +0.05%.

AC voltage source

Fluke Model 341A
Voltage Calibrator

Ac voltmeter and dB check.
Ac gain adjustment.

Ac comp adjustment.

dB zero adjustment.

—20 dB adjustment.

dB gain adjustment.

' Overrange adjustment.

Underrange adjustment.

Fluke Model 5200A Ac
Voltage Calibrator and

| Fluke Model 5215A Power

Amplifier

Resistance standard 0 Q to 20 MQ within £0.05%.

Ohmmeter check.
Ohms adjustment.

Dc current source 0 A to 2 A within £0.02%.

Dc ammeter check.

Electro Scientific Industries
Model DB 62 Decade Resis-
tance Box

Valhalla Scientific Inc.
Model 2500 Ac-Dc Current
Calibrator

Ac current source 0Ato2A, 40 Hz to 10 kHz,

within £0.06%.

Ac ammeter check.

Same as for dc current.

Digital Counter® Capable of measuring

20.48 kHz, within 0.25%.

Check clock frequency.

TEKTRONIX DC 504 Digital
' Counter”®

®
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Table 4-1 (cont)

Description Minimum Specification

0Vto+20V with1mVv
resolution.

Digital I'C‘IJtimeter'

Purpose

—

Example

Adjust power supply.
Amplifier zero adjust.
dB zero adjustment.

TEKTRONIX DM 501"

1X Probe'

Connect counter to test
points.

TEKTRONIX P6101 1X Passive
Probe

1 ea. bnc female to
dual banana adapter

Connect coaxial cable to
instrument under test.

Tektronix Part No. 103-0090-00

1 ea. coaxial cable
with bnc connectors

Connect test equipment to
DM 502A.

Tektronix Part No. 012-0057-01

1 ea. bnc male to
dual binding post

I A A
|
i

Common mode rejection
check.

Tektronix Part No. 103-0035-00

1 ea. female bnc to
clip leads

Common mode rejection
check.

Tektronix Part No. 013-0076-00

1 kQ resistor 1% tolerance, 1/8 watt.

Common mode rejection
check.

Tektronix Part No. 321-0193-00

Dual banana shorting
bar

Short input terminals.

Tektronix Part No. 134-0012-00

Flexible extender"

—

Tektronix Part No. 067-0645-02°

Temperature bath —55°C to +200°C within

+0.25°C.

Temperature probe check
and adjustment.

Neslab Instruments Inc.
Model ULT-80 Bath Circulator
with denatured ethyl alcohol
coolant, Model TX-9° Circ-
ulator with Dow Corning 710
fluid and necessary hoses
and adapters.

‘Not required for Performance Check Procedure.
*Requires a TM 500-series power module.

‘Connect the TX-9 cooling coil to the cooling pump in the ULT-80 to obtain temperatures between +10°C and +40°C.

Dangerous voltages may be encountered in the
following steps. Caution must be exercised. Do not
contact the output connectors of the voltage
calibrator, the INPUT terminals of the DM 502A, or
the internal circuitry of the DM 502A. The knob
setscrews of some voltage calibrators in the list of
test equipment have been known to be at a high
voltage potential; check the setscrews with a
voltmeter before handling the knobs.

1. Check Accuracy of Dc Voltage Ranges

a. Set dc voitage caiibrator for minimum output
voltage.

4-2

b. Connect the dc voltage calibrator to the VOLTS/Q
and LOW connections through the coaxial cable and bnc
female to dual banana adapter.

c. Press the pushbuttons and set the calibrator
voltages as listed in Table 4-2.

d. CHECK—that the DM 502A display reads within the
given limits for the ambient temperatures aslisted in Table
4-2.

)]



Calibration (Performance Check)—DM 502A

Table 4-2
FRONT PANEL DC VOLTAGE LIMITS
Press Pushbuttons Dc Calibrator Display Limits
VOLTS DC Veltage +18°C to +28°C 0°C to +18°C
+28°C to +50°C

200 mV 180.000 mV 179.7 to 180.3 179.5 to 180.5

2V ' 1.80000 V 1.797 to 1.803 1.795 to 1.805

20V 18.0000 V 17.97 to 18.03 il 17.95 to 18.05
200 V 180.000 V 179.7 to 180.3 ' 17950 180.5

1000 V 1000.000 V 998 to 1002 |

996 to 1004

e. Set voltage calibrator for minimum output voltage.

f. Remove all connections.

2. Check Common Mode Rejection (Dc Mode)

a. Connect the bnc female to dual banana connector
to the VOLTS/Q and LOW connectors.

b. Connect the bnc male to dual binding post connec-
tor to the bnc female connector attached to the DM 502A
front panel.

c. Connect the 1 kQ resistor between the binding
posts on the dual binding post connector.

d. Connect the red clip lead of the female bnc to clip
lead adapter to the red binding post and the black lead to
the ground post on the DM 502A.

e. Connect the clip lead adapter through a coaxial
cable to the dc voltage calibrator.

f. Press the VOLTS DC and 200 mV pushbuttons.

g. Set the dc voltage calibrator for an output of 100 V
dc.

h. CHECK—that the display reads <001.0.

i. Turn off the dc voltage from the voltage calibrator.

j. Disconnect the coaxial cable from the dc voltage
calibrator and reconnect it to the ac voltage calibrator
output.

k. Set the ac voltage calibrator for an output of 7.07 V
rms at a frequency of 50 Hz or 60 Hz, =0.2 Hz.

I. CHECK—that the absolute maximum value of the
DM 502A display is <001.0.

NOTE
If the DM 502A does not display the correct reading
as stated in step 2 part I, perform step 1 (Clock

Adjustment) of the Internal Adjustment Procedure
and repeat step 2 parts a through I.

m. Return voltage calibrator to minimum output.

n. Remove all connections from the DM 502A front
panel except the bnc female to dual banana adapter.
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3. Check Normal Mode Rejection (Dc Mode)

a. Connect the bnc female to dual banana connector
to the VOLTS/Q1 and LOW connectors.

b. Attach the bnc connector through a coaxial cable
and adapters to the ac voltage calibrator.

c. Press the VOLTS DC and 200 mV pushbuttons.

d. Set the ac calibrator for 0.224 V rms at 50 Hz,
+0.2 Hz, or 60 Hz, +0.2 Hz.

e. CHECK—that the absolute maximum value of the
DM 502A display is <001.0.

4. Check Accuracy of Ac Voltage Ranges

a. Connect the ac voltage calibrator to the VOLTS/Q
and LOW connections through the coaxial cable and
necessary adapters.

b. Press the pushbuttons and set the ac calibrator
voltages as listed in Table 4-3.

¢. CHECK—that the DM 502A display reads within the
limits for the ambient temperatures as listed in Table 4-3.

d. Set the ac voltage calibrator output voltage for
minimum output.

e. Remove all connections.

5. Check Common Mode Rejection (Ac Mode)

a. Connect the bnc female to dual banana connector
to the VOLTS/Q and LOW connectors.

b. Connect the bnc male to dual binding post connec-
tor to the bnc female connector attached to the DM 502A
front panel.

c. Connect the 1 kQ resistor between the binding
posts on the dual binding post connector.

d. Connect the red clip lead of the female bnc to clip
lead adapter to the red binding post and the black lead to
the ground post on the DM 502A.

e. Connect the female bnc connector through a coax-
ial cable and adapters to the ac voltage calibrator.

f. Press the VOLTS AC and 200 mV pushbuttons.

g. Setthe ac voltage calibrator for an output of 0.707 V
ac rms at 60 Hz.

h. CHECK—that the display reads <001.0.

i. Remove all connections.

Table 4-3
FRONT PANEL AC VOLTAGE LIMITS

Press Pushbuttons Calibrator Display Limits
VOLTS AC TRUE RMS  Voltage +18°C to +28°C 0°C to +18°C and +28°C to +50°C
40 Hzto 20 kHz = 20 Hzto 40 Hz | 40 Hz 1o 20 kHz | 20 Hz to 40 Hz
200 mV 180.000 mV  1783t0181.7 | 1767t0 1833 | 177.9t0 1821 | 176.1to 183.9
2V 180000V 178310 1.817 | 1767101833 | 1.779t0o1.821 | 1.761 to 1.839
20V 18.0000V  17.83t0 1817 | 1767101833 | 1779101821 | 17.61to 18.39
200 V 180.000V ~ 1783t0 181.7 | 176.7t0 1833 | 177.9t0 1821 | 1761 to 183.9
500 V 500.000 V 491 t0 509 486 10 514 489 to 511 48410516
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6. Check Decibel Ranges c. Set calibrator voltage and frequency as listed in
Table 4-4.
a. Connect the ac voltage calibrator to the VOLTS/Q
and LOW connections through the coaxial cable and
necessary adapter.
d. CHECK—that the DM 502A display reads within the
tolerances as listed in Table 4-4.

b. Make certain the dBm-dBV internal jumperisinthe e. Turn off the ac voltage calibrator and remove all
dBV position. connections.

Table 4-4
FRONT PANEL dB LIMITS

E Display Limits
Press Pushbuttons | Calibrator Voltage | Calibrator Frequency +18°C to +28°C i 0°C to +18°C
VOLTS AC, dB +28°C to +50°C

-10 1.00000 mV 20 Hz —59.5 to —60.5 ~58.9 to —61.1
-10 | 1.00000 mV 2 kHz ~59.5 to —60.5 ~58.9 t0 —61.1
~10 100000 mV 20 kHz —58.5 to —61.5 ~57.9 to —62.1
~10 0100000V | 20 kHz ~19.5to ~20.5 ~18.9 to —21.1
10 | 1.00000 V 20 Hz ~0.5t0 +0.5 “1.1t0 1.1
+30 | 10,0000 V . 20 kHz +19.5 to +20.5 F18.9 to 121.1
+50 | 100.000 V 20 kHz | +39.5t0 +405 +38.9 to +41.1




Calibration (Performance Check)—DM 502A

7. Check Ohms Ranges

a. Connect the resistance standard to the DM 502A
VOLTS/Q and LOW inputs using the necessary adapter
and coaxial cable.

b. Pressthe kQ pushbutton. Make each measurement
as listed in Table 4-5 with the HI-LO pushbutton in both
the HI and LO positions.

¢. CHECK—that the display reads within the tol-

erances as listed in Table 4-5.

d. Remove all connections.

Table 4-5
FRONT PANEL RESISTANCE LIMITS

Display Limits

Press Pushbuttons Resistance +18°C to +28°C 0°C to +18°C
kQ2 +28°C to +50°C

200 Q 180.000 Q 178.8 to 181.2 178.2to 181.8

2kQ 1.80000 kQ 1.790 to 1.810 1.783 to 1.817

20 kQ) 18.0000 kO 17.90 to 18.10 17.84 to 18.16

200 k2 180.000 kQ 179.0 to 181.0 178.4 to 181.6

2000 kQ 1800.00 kQ 1790 to 1810 1784 to 1816

17.81to 18.19 17.76 to 18.24

20 MQ : 18.0000 MQ
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8. Check Dc Current Ranges
a. Press the mA DC pushbutton,

Calibration (Performance Check)—DM 502A

d. Set current standard for the values aslistedin Table

4-6.

b. Set dc current standard for minimum output. e. CHECK—that the display reads within the
tolerances as listed in Table 4-6.
c. Connect the dc current standard to the DM 502A
mA and LOW connections using coaxial cable and
necessary adapters. f. Remove all connections.
Table 4-6
FRONT PANEL DC CURRENT LIMITS
Display Limits
Press Pushbuttons Current +18°C to +28°C ' 0°C to +18°C
mA DC I' +28°C to +50°C
200 uA 180.00 uA 179.5 to 180.5 179.3 to 180.7
2mA 1.80000 mA 1.795 to 1.805 1.793 to 1.807
20 mA 18.0000 mA 17.95 to 18.05 17.93 to 18.07
200 mA 180.000 mA 179.5 to 180.5 179.3 to 180.7 B
2000 mA 1800.00 mA 1795 to 1805 1793 to 1807
47



Calibration (Performance Check)—DM 502A

9. Check Ac Current Ranges d. Setthe ac current standard forthe values as listedin

Table 4-7. Use any frequency between 40 Hz—20 kHz.
a. Press the mA AC pushbutton. yirea 4

e. CHECK—that the display reads within the tol-
b. Set ac current standard for minimum output. erances as listed in Table 4-7.

c. Connect the ac current standard to the front panel
mA and LOW connections. f. Remove all connections.

Table 4-7
FHON'I_'_PANEL AC CURRENT LIMITS

i Display Limits
Press Pushbuttons Current |' +18°C to +28°C 0°C to +18°C

mA AC +28°C to +50°C
200 A  180.00 yA rms ' 178.3 to 181.7 177.7 to 182.3
2 mA | 1.8000 mA 1.783 to 1.817 i 1.777 to 1.823
20 mA . 18.000 mA 17.83 to 18.17 17.77 to 18.23
200 mA . 180.00 mA 178.3 to 181.7 177.7 t0 182.3
2000 mA  1800.0 mA 1783 to 1817 1777 to 1823
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10. Check Temperature Ranges

a. Connect the temperature probe to the DM 502A
front panel connector labeled TEMP.

b. Press the TEMP°C pushbutton.

c. Set the bath circulators for the temperatures as
listed in the Temperature column in Table 4-8.

Calibration (Performance Check)—DM 502A

d. Insert the probe in the bath and allow the probe to
stabilize at the selected temperature.

e. CHECK—that thedisplaylimitsareaslistedin Table
4-8.

f. This completes the front panel performance check.

Table 4-8
FRONT PANEL TEMPERATURE LIMITS

P6601 PROBE DM 502A Ambient Temperature
Temperature Probe Calibrated to Instrument . Any probe
+18°C to +28°C 0°C to +18°C +18°C to +28°C 0°C to +18°C
+28°C to +50°C +28°C to +50°C
—55°C —57.5to —52.5 —59.0 to —51.0 —59.5 to —50.5 —61.0 to —49.0
+150°C +147.5 to +152.5 +146.0 to +154.0 +145.5 to +154.5 +144.0 to +156.0
+200°C -:-196.5_to +203.5— ) -+195.0 to +205.0 +194.5 to +205.5 $193.0 to +207.0
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Rear Interface Accuracy Checks Press the front panel EXT INT pushbutton toselect rear
interfaceinput and use Table 4-8, Table 4-10, or Table 4-11

To verify the accuracy of thedc voltage, ac voltage, and for the appropriate display limits.

resistance modes via the DM 502A rear interface, follow
the steps outlined in the Performance Check Procedure
for the front panel input jacks, but apply the voltages and NOTE
resistances to rear interface pins 28B (HIGH) and 28A
(LOW). Access to the rear interface pins is most easily

made using a TM 500-series, Option 2 power module. The input cable fixture from the calibrating sources

to the rear interface pins will have to be modified to
accommodate accuracy checks via the rear inter-
face.

Table 4-9
REAR INTERFACE DC LIMITS

Display Limits

Press Pushbuttons Calibrator +18°C to +28°C 0°C to +18°C
VOLTS DC, INT Voltage +28°C to +50°C
200 mV 180.000 mV 179.7 to 180.3 179.5 to 180.5
2 V_ 1.80000 V 1.797 to 1.8_05_ R 1.795 to 1.805
20V , 18.0000 V 17.97 to 18.03 17.95 to 18.05
200 v ! 180.000 V 179.7 to 180.3 179.5 to 180.5
1000 V | 200.000 V 199 to 201 199 to 201
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Table 4-10
REAR INTERFACE AC LIMITS

Display Limits

Press Pushbuttons Calibrator |
VOLTS AC Voltage rms +18°C to +28°C 0°C to +18°C
TRUE RMS, INT +28°C to +50°C
40 Hz to 20 kHz 20 Hz to 40 Hz 40 Hz to 20 kHz | 20 Hz to 40 Hz
200 mV 180.000 mV 177.4 to 182.6 175.8 to 184.2 177.0 to 183.0 175.2 to 184.8
2V 1.80000 V 1.774 to 1.826 1.758 to 1.842 1.770 to 1.830 1.752 to 1.848
20V 18.0000 V 17.74t0 18.26 | 17.58to 18.42 17.70 to 18.30 17.52 to 18.48
200V 140.000 v 137.9 to 142.1 136.6 to 143.4 137.5t0 142.5 136.1 to 143.9
500 V 140.000 Vv 132 to 148 131 to 149 131 to 149 130 to 150
Table 4-11
REAR INTERFACE RESISTANCE LIMITS
Display Limits
Press Pushbuttons Resistance +18°C to +28°C 0°C to +18°C
INT, kQ lI +28°C to +50°C
200 Q 180.000 Q 178.3 to 181.7 177.7 to 182.3
2kQ 1.80000 kQ 1.788 to 1.811 1.783 to 1.817
20 kQ 18.0000 kQ 17.90 to 18.10 17.84 to 18.16
200 kQ 180.000 kQ2 179.0 to 181.0 178.4 to 181.6
2000 kQ 1800.00 kQ 1780 to 1810 1784 to 1816
20 MQ 18.0000 MQ 17.81 to 18.19 17.76 to 18.24
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ADJUSTMENT PROCEDURE

Introduction

Use this adjustment procedure to restore the DM 502A
to original performance requirements. This adjustment
procedure need not be performed unless the instrument
fails to meet the Performance Requirements of the
electrical characteristics listed in the Specification sec-
tion, or the Performance Check procedure cannot be
completed satisfactorily.

Satisfactory completion of all adjustment steps in this
procedure ensures that the instrument will meet the
Performance Requirements,

Calibration Interval

To ensure instrument accuracy, check the calibration
every 1000 hours of operation or at aminimum of every six
months if used infrequently.

Services Available

Tektronix, Inc. provides complete instrument repair
and adjustment at local field service centers and at the
factory service center. Contact your local Tektronix field
office or representative for further information.

Test Equipment Required

The test equipment (or equivalent) listed in Table 4-1is
required for adjustment of the DM 502A. Specifications
given for the test equipment are the minimum necessary
for accurate adjustment. All test equipment is assumed to
be correctly calibrated and operating within specifi-
cations.

If other test equipment is substituted, calibration setup
may need to be altered to meet the requirements of the
equipment used.

Preparation

Access to the internal adjustments is achieved most
easily when the DM 502A is connected to the power
module with a flexible plug-in extender. Access to the
adjustments is also easily achieved when the DM 502A is
installed in a compartment of a power module with an
unused compartment on either side. Remove the power
module cabinet to make adjustments to the DM 502A
inside the power module. Remove both side covers of the
DM 502A. Access adjustments on the analog board
through the holes in the shield. See Figs. 8-3and 8-4inthe
foldout pages for adjustment locations. Make adjustments
at an ambient temperature between 21°C and 25°C (64°F
and 82°F).

4-12

Adjustment Instructions

The alphabetical instructions under each step (a, b, ¢,
etc.) may contain CHECK, EXAMINE, or ADJUST as the
first word of the instruction. These terms are defined as
follows:

1. CHECK—indicates that the instruction ac-
complishes a performance requirement check. Each per-
formance requirement is derived from the instrument
specification as listed in Table 4-1, Electrical Char-
acteristics.

2. EXAMINE—usually precedes an ADJUST instruction
and describes how to determine whether the adjustment is
necessary. Measurement limits following the word EX-
AMINE are not to be interpreted as performance limits
derived from the instrument specifications. They are
provided as indicators of a properly functioning instru-
ment and to aid in the adjustment process.

3. ADJUST—describes which adjustment to use to
make the desired result. We recommend that adjustments
not be made if a previous CHECK or EXAMINE instruction
indicates that no adjustment is necessary.

Perform all steps of the procedure in the order listed.

1. Adjust Clock Frequency

a. Short the VOLTS/Q and LOW input connectors with
the dual banana plug shorting bar.

b. Connect the counter setto measure 20 kHz through
the 1X probe totheclock test point, TP1512, located on the
main board.

c. EXAMINE—the counter reading for a frequency of
20.28 kHz to 20.68 kHz.

d. ADJUST—R1523, CLK, located on the main board,
for a counter reading of 20.48 kHz.

e. Retain the shorting strap for the next step and
remove the counter probe.

2. Adjust the 15 V Power Supply

a. With the input shorted, as in the previous step,
connect the digital multimeter probe to TP1542, marked
+15 V, as shown in Fig. 8-3 (main board).
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b. EXAMINE—the DMM test unit for a reading of
+15.74 Vdc to +15.76 Vdc.

c. ADJUST—R1771, +15.75 V, located on the main
board, for a DMM test unit reading of +15.75 V.

d. Remove the digital multimeter probe.

3. Adjust DC Volts Zero

a. Make certain the VOLTS/Q and LOW input connec-
tors are shorted.

b. Press the VOLTS DC pushbutton.

c. Make certain the INPUT pushbutton is in the EXT
position (out).

d. Press the 200 mV pushbutton.

e. EXAMINE—the DM 502A display readout for
+000.1.

f. ADJUST—R1542, Dc Volts Zero (located on the
main board) for all zeros in the DM 502A display.

g. Remove the shorting connection from the front
panel VOLTS/Q and LOW connectors.

4. Set the 2 V Dc Adjustment

a. Pressthe VOLTS DC and 2 V pushbuttons. All other
pushbuttons out.

b. Connect the dc voltage calibrator, set for an output
of 1.9 V, tothefront panel VOLTS/Q and LOW connectors.

c. EXAMINE—the DM 502A display readout for
1.897 Vdc to 1.903 Vdc.

d. ADJUST—R1443, 2 V Dc Adj, located on the main
board, for a display readout of 1.900 Vdc.

e. Retainthefront-panel connections for the next step.
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5. Set the 0.2 V Dc Adjustment

a. Make certain the VOLTS DC and 200 mV pushbut-
tons are pressed. All other pushbuttons out.

b. Connect the dc voltage calibrator to the front panel
VOLTS/Q2 and LOW connectors.

c. Set the dc voltage calibrator for an output of
190 mV.

d. EXAMINE—the DM 502A display readout for a
reading of 189.7 mVdc to 190.3 mVdc.

e. ADJUST—R1531,0.2 V Dc Adj, located onthemain
board, for a display readout of 190.0 mVdc.

f. Remove the dc voltage calibrator fromthe VOLTS/Q
and LOW connectors.

6. Set the Amp Zero Adjustment

a. Short the VOLTS/Q and LOW input connectors on
the front panel with the shorting bar.

b. Connect the negative lead of the DMM test unit to
analog ground or input LOW and the positive lead to
TP1013, located on the analog board, (Fig. 8-4).

c. Make certain the VOLTS DC and 200 mV pushbut-
tons are pressed. All other pushbuttons out.

d. Set the DMM test unit for a resolution of 1 mV.

e. EXAMINE—the DMM test unit for a display reading
of 0.000, +0.001 Vdc.

f. ADJUST—R1011, Amp Zero, located on the analog
board, for a DMM test unit display reading of 0.000.

g. Remove the DMM test unit connections.

7. Set the Ac Zero Adjustment

a. Make sure the VOLTS/Q and LOW connectors are
shorted together.
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Calibration (Adjustment Procedure)—DM 502A

b. Press the VOLTS AC TRUE RMS pushbutton and
make certain the 200 mV pushbuttonis pressed. All other
pushbuttons out.

c. EXAMINE—the DM 502A display for a reading of
99.8 mVac to 000.2 mVac.

d. ADJUST—R1204, Ac Zero, located on the analog
board, for a DM 502A display reading of 000.0.

e. Remove the input shorting bar.

8. Set the Ac Gain Adjustment

a. Make certain the VOLTS AC TRUE RMS and 2V
pushbuttons are pressed. All other pushbuttons out.

b. Set the output of the ac calibrator for 1.9 Vrmsata
frequency of 100 Hz.

c. Connectthe ac calibrator to the VOLTS/QQ and LOW
input connectors.

d. EXAMINE—the DM 502A display for a reading of
1.897 Vac to 1.903 Vac.

e. ADJUST—R1108, Ac Gain, located on the analog
board, for a display reading of 1.900 V.

f. Retain this test setup for the next step.

9. Set the Ac Comp Adjustment

a. Make certain the VOLTS AC TRUE RMS and 20 V
pushbuttons are pressed. All other pushbuttons out.

b. Connect the ac voltage calibrator to the VOLTS/Q
and LOW input connectors.

c. Set the output of the ac voltage calibrator for 18 V
rms at 10 kHz.

d. EXAMINE—the DM 502A display for a reading of
19.04 V, £0.02 V.
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e. ADJUST—C1215, Ac Comp, located on the analog
board, for a display reading of 19.04 V.

f. Retain these connections for the next step.

10. Set the dB Zero Adjustment

a. Press the VOLTS AC TRUE RMS, dB, and 200 V
pushbuttons. All other pushbuttons out.

b. Set the ac voltage calibrator, connected to the front
panel VOLTS/Q and LOW connectors, for 100 V rms at
100 Hz.

c. Connect the DMM test unit set to read 00.0 mV to
TP1108 (Fig. 8-4, analog board).

d. EXAMINE—the DMM test unit display for a reading
of 00.0 mV, £0.5 mV.

e. ADJUST—R1201, dB Zero, located on the analog
board, for a DMM test unit display of 00.0 mV.

f. Retain the front panel connections and remove the
DMM test unit probe for the next step.

11. Set the dB Reference Adjustment

a. Make certain the VOLTS AC TRUE RMS, dB, and
200 V pushbuttons are pressed. All other pushbuttons out.

b. Make certain the ac voltage calibrator is connected
to the front panel VOLTS/Q and LOW input connectors
and that the output is set for 100 V rms at 100 Hz.

c. EXAMINE—the DM 502A display for a reading of
+39.5 to +40.5.

d. ADJUST—R1518, dB REF, located on the main
board, for a DM 502A display reading of +40.0.

e. Set the ac calibrator for minimum output voltage.

f. Retain the front panel connections for the next step.
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12. Set the —20 dB Adjustment

a. Make certain the ac voltage calibrator is connected
to the front panel VOLTS/Q and LOW connectors.

b. Set the ac voltage calibrator for 100 mV rms at a
frequency of 100 Hz.

c. Make certain the VOLTS AC TRUE RMS, dB, and
200 mV pushbuttons are pressed. All other pushbuttons
out.

d. EXAMINE—the DM 502A display for a reading of
-19.5 dB to —20.5 dB.

e. ADJUST—R1521, —20 dB Adj, located on the main
board, for a DM 502A display reading of —20.0.

f. Retain the front panel connections for the next step.

13. Set the dB Gain Adjustment

a. Make certain the ac voltage calibrator is connected
to the front panel VOLTS/Q and LOW connectors.

b. Make certain the VOLTS AC TRUE RMS, dB, and
200 mV pushbuttons are pressed. All other pushbuttons
out.

c. Change the output of the ac voltage calibrator to
1 mV rms at 100 Hz.

d. EXAMINE—the DM 502A display for a reading of
59.5 to —60.5.

e. ADJUST—R1102, dB Gain, located on the analog
board, for a DM 502A display reading of —60.0.

f. Retain the front panel connections for the next step.

14. Set the dB Overrange Adjustment

a. Make certain the VOLTS AC TRUE RMS, dB, and
2 V pushbuttons are pressed. All other pushbuttons out.

b. Make certain the ac voltage calibrator is connected
to the front panel VOLTS/Q2 and LOW connectors.
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c. Settheoutput of theac voltage calibrator for 4 Vrms
at 100 Hz.

d. ADJUST—R1024, Or, located on the analog board,
so that the DM 502A display just flashes (starts to blink).

e. Set ac calibrator for minimum output voltage.

f. Retain the front panel connections for the next step.

15. Set the dB Underrange Adjustment

a. Make certain the ac voitage calibrator is connected
to the front panel VOLTS/Q2 and LOW connectors.

b. Make certain the VOLTS AC TRUE RMS, dB, and
2 V pushbuttons are pressed. All other pushbuttons out.

c. Set the ac voltage calibrator for an output of 0.03 V
rms at 100 Hz.

d. ADJUST—R1012, Ur, located on the analog board,
so that the display just flashes (starts to blink).

e. Remove the ac voltage calibrator connection from

the DM 502A front panel connections.

16. Set the Ohms Adjustment

a. Press the kQ2 and 20 kQ pushbuttons. All other
pushbuttons out.

b. Set the resistance standard to 19 kQ.

c. Connect the resistance standard to the front panel
VOLTS/Q and LOW connectors.

d. EXAMINE—the DM 502A display for a reading of
18.90 to 19.10.

e. ADJUST—R1306, Ohms, located on the analog
board, for a display reading of 19.00.

f. Removeall connectionstothe DM 502A front panel.
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17. Set the Temperature Zero Adjustment

a. Connect the temperature probe to the front panel
TEMP connector.

b. Place the temperature probe at a known 0.0°C.

c. Press the TEMP®C pushbutton. All other pushbut-
tons out.

d. EXAMINE—the DM 502A display for a reading of
0.0, £0.2°C.

e. ADJUST—R1001, Temp Zero, for a display reading
of 0.0.

f. Leave the temperature probe connected for the next
step.
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18. Set the Temperature Gain Adjustment

a. Make certain the temperature probe is connected to
the front panel TEMP connector.

b. Place the temperature probe tip at atemperature of
100.0°C.

c. Make certain that the TEMP°C pushbutton is
pressed. All other pushbuttons out.

d. EXAMINE—the DM 502A display for a reading of
101.4,

e. ADJUST—R1002, Temp, located on the analog
board, for a display reading of 101.4.

f. Remove the temperature probe from the front panel
TEMP connector.

This completes the Adjustment Procedure.
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Section 5—DM 502A

MAINTENANCE

Preventive Maintenance

There are no special preventive maintenance
procedures that apply to the DM 502A. Refer to the power
module instruction manual for general preventive
maintenance procedures and instructions.

Corrective Maintenance

Refer to the power module instruction manual for
general corrective maintenance procedures and instruc-
tions.

Circuit Board Removal

To remove the analog board, first remove both side
covers of the instrument. Then remove the main board by
unsoldering the connections to the front-panel connec-
tors and removing the four screws holding the main board
to the plug-in mainframe. The display board attaches to
the main board through a connector and is removed either
through the front-panel window or withthe main board. To
remove the red display screen, press the tabs accessed
through the rectangular holes at the top front of the plug-
in mainframe.

Slide the boards rearward until the pushbutton
switches clear the front-panel. Separate the 31 pin con-
nector by pulling the boards apart. Make certain that the
square-pin connectors are not bent during or after
disassembly as this causes difficulty during reassembly.

Heat Sink Removal and Replacement

To remove the heat sink from U1651, first unsolder the
three leads from the integrated circuit to the circuit board.
Then unsolder the two tabs holding the heat sink to the
circuit board. Use a screwdriver or other suitable tool to
spread the spring tabs holding U1651 in the heat sink. Use
care not to spring the tabs beyond their elastic limit.
Remove the integrated circuit. Reverse this procedure to
install the heat sink.

Obtaining Replacement Parts

Most electrical and mechanical parts can be obtained
through your local Tektronix field office or representative.
However, you should be able to obtain many of the
standard electronic components from alocal commercial
source in your area. Before you purchase or order a part
from a source other than Tektronix Inc., please check the
Replaceable Electrical Parts list for the proper value,
rating, tolerance, and description.

Ordering Parts

When ordering replacement parts from Tektronix, Inc.,
it is important that all of the following information be
included to ensure receiving the proper parts.

1. Instrument type (include modification or option
numbers).

2. Instrument serial number.

2. Adescription of the part (if electrical, include circuit
number).

4. Tektronix part number.

Troubleshooting Aids

Troubleshooting Charts. As an aid in locating problem
areas, troubleshooting charts are provided for the
DM 502A. They are located in the pullout pagesintherear
of this manual.

Static-Sensitive Components

gm/‘\ml\l
CAUTION

Static discharge can damage any semiconductor
component in this instrument,

This instrument contains electrical components that
are susceptible to damage from static discharge. See
Table 5-1 for relative susceptibility of various classes of
semiconductors. Static voltages of 1kV to 30 kV are
common in unprotected environments.

Observe the following precautions to avoid damage:

1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or
assemblies in their original containers, on a metal
rail, or on conductive foam. Label any package that
contains static-sensitive assemblies or com-
ponents.

3. Discharge the static voltage from your body by
wearing a wrist strap while handling these com-
ponents. Servicing static-sensitive assemblies or
components should be performed only at a static-
free work station by qualified service personnel.
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Maintenance—DM 502A

4. Nothing capable of generating or holding a static
charge should be allowed on the work station
surface.

5. Keep the component leads shorted together
whenever possible.

6. Pick upcomponents by the body, never by the leads.
7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a
floor or work surface covering capable of
generating a static charge.

9. Use a soldering iron that is connected to earth
ground.

10, Use only special antistatic suction type or wick type
desoldering tools.

Test Equipment

Before using any test equipment to make
measurements on static-sensitive components or
assemblies, be certainthat any voltage or current supplied
by the test equipment does not exceed the limits of the
component to be tested.
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Table 5-1

RELATIVE SUSCEPTIBILITY TO
STATIC DISCHARGE DAMAGE

Relative
Susceptibility
Semiconductor Classes Levels'
MOS or CMOS microcircuits or
discretes, or linear microcircuits
with MOS inputs. (Most Sensitive) 1
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar transitors 5
JFETs 6
Linear microcircuits 7
Low-power Schottky TTL 8
TTL (Least Sensitive) 9

i

*Voltage equivalent for levels:

1=100t0o 500V 4=500V 7 = 400to 1000 V (est.)
2=200t0500V 5=400to 600V B8=900V
3=250V 6=600toB00V 9=1200V

(Voltage discharged from a 100 pF capacitor through a
resistance of 100 ohms.)
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OPTIONS

The standard instrument incorporates the temperature measuring capability usinga TEKTRONIX
P6601 probe or other suitable sensing device.

An Option 2 instrument deletes the temperature measurement function, P6601 temperature probe,
and all internal circuits associated with this function.

Information concerning an Option 2 instrument can be found on schematic diagram . in the

Replaceable Electrical Parts list, and in the Calibration section of this manual. Information concerning
the TEKTRONIX P6601 Temperature Probe can be found in the instruction manual for that accessory.
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Section 7—DM 502A

REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local
Tektronix, Inc. Field Office or representative.

Changes to Tektronix instruments are sometimes made to
accommodate improved components as they become available,
and to give you the benefit of the latest circuit improvements
developed in our engineering department. It is therefore impor-
tant, when ordering parts, to include the following information in
your order: Part number, instrument type or number, serial
number, and modification number if applicable.

If a part you have ordered has been replaced with a new or
improved part, your local Tektronix, Inc. Field Office or represen-
tative will contact you concerning any change in part number.

Change information, if any, is located at the rear of this
manual.

LIST OF ASSEMBLIES

A list of assemblies can be found at the beginning of the
Electrical Parts List. The assemblies are listed in numerical order.
When the complete component number of a partis known, this list
will identify the assembly in which the part is located.

CROSS INDEX-MFR. CODE NUMBER TO
MANUFACTURER

The Mir. Code Number to Manufacturer index for the
Electrical Parts List is located immediately after this page. The
Cross Index provides codes, names and addresses of manufac-
turers of components listed in the Electrical Parts List.

ABBREVIATIONS

Abbreviations conform to American National Standard ¥ 1.1

COMPONENT NUMBER (column one of the
Electrical Parts List)

A numbering method has been used to identify assemblies,
subassemblies and parts. Examples of this numbering method
and typical expansions are illustrated by the following:

Example a. component number
P —— —
A23R1234 A23 R1234

-\ Circuit number

Read: Resistor 1234 of Assembly 23

Assembly number

Example b. component number
A23A2R1234 A23 A2 R1234

Assembly Subassembly Circuit
number number number

Read: Resistor 1234 of Subassembly 2 of Assembly 23

Only the circuit number will appear on the diagrams and
circuit board illustrations. Each diagram and circuit board
illustration is clearly marked with the assembly number.
Assembly numbers are also marked on the mechanical exploded
views located in the Mechanical Parts List. The component
number is obtained by adding the assembly number prefix to the
circuit number.

The Electrical Parts List is divided and arranged by
assemblies in numerical sequence (e.g., assembly A1 with its
subassemblies and parts, precedes assembly A2 with its sub-
assemblies and parts).

Chassis-mounted parts have no assembly number prefix
and are located at the end of the Electrical Parts List.

TEKTRONIX PART NO. (column two of the
Electrical Parts List)

Indicates part number to be used when ordering replace-
ment part from Tektronix.

SERIAL/MODEL NO. (columns three and four
of the Electrical Parts List)

Column three (3) indicates the serial number at which the
part was first used. Column four (4) indicates the serial number at
which the part was removed. No serial number entered indicates
part is good for all serial numbers.

NAME & DESCRIPTION (column five of the
Electrical Parts List)

In the Parts List, an Item Name is separated from the
description by a colon (:). Because of space limitations, an Item
Name may sometimes appear as incomplete. For further Item
Name identification, the U.S. Federal Cataloging Handbook H6-1
can be utilized where possible.

MFR. CODE (column six of the Electrical Parts
List)

Indicates the code number of the actual manufacturer of the
part. (Code to name and address cross reference can be found
immediately after this page.)

MFR. PART NUMBER (column seven of the
Electrical Parts List)

Indicates actual manufacturers part number.



Replaceable Electrical Paris—DM 502A

CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Mtr. Code Manufacturer Address City, State. Zip
00853 SANGAMO ELECTRIC CO., S. CAROLINA DILV. P O BOX 128 PICKENS, SC 29671
ol1121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE, WI 53204
01295 TEXAS INSTRUMENTS, INC., SEMICONDUCTOR P O BOX 5012, 13500 N CENTRAL

GROUP EXPRESSWAY DALLAS, TX 75222
04713 MOTOROLA, INC., SEMICONDUCTOR PROD. DIV, 5005 E MCDOWELL RD,PO BOX 20923 PHOENIX, AZ 85036
07263 FAIRCHILD SEMICONDUCTOR, A DIV. OF

FAIRCHILD CAMERA AND INSTRUMENT CORP. 464 ELLIS STREET MOUNTAIN VIEW, CA 94042
07716 TRW ELECTRONIC COMPONENTS, IRC FIXED

RESISTORS, BURLINGTON DIV, 2850 MT. PLEASANT BURLINGTON, IA 52601
12617 HAMLIN, INC. GROVE & LAKE STS. LAKE MILLS, W1 33551
14433 ITT SEMICONDUCTORS 3301 ELECTRONICS WAY

P O BOX 3049 WEST PALM BEACH, FL 33402

14752 ELECTRO CUBE INC. 1710 S. DEL MAR AVE. SAN GABRIEL, CA 91776
17856 SILICONIX, INC. 7201 LAURELWOOD DRIVE SANTA CLARA, CA 9505%
19396 ILLINOLIS TOOL WORKS, INC. PAKTRON DIV. 900 FOLLIN LANE, SE VIENNA, VA 22180
19647 CADDOCK ELECTRONICS INC. 3127 CHICAGO AVENUE RIVERSIDE, CA 92507
21317 ELECTRONIC APPLICATIONS COMPANY 2213 EDWARDS AVENUE SOUTH EL MONTE, CA 91733
24546 CORNING GLASS WORKS, ELECTRONIC

COMPONENTS DIVISION 550 HIGH STREET BRADFORD, PA 16701
27014 NATTONAL SEMICONDUCTOR CORP. 2900 SEMICONDUCTOR DR. SANTA CLARA, CA 95051
50157 MIDWEST COMPONENTS 1INC. P. 0. BOX 787

1981 PORT CITY BLVD. MUSKEGON, M1 49443

50522 MONSANTO CO., ELECTRONIC SPECIAL

PRODUCTS 3400 HILLVIEW AVENUE PALD ALTO, CA 94704
54473 MATSUSHITA ELECTRIC, CORP. OF AMERICA 1 PANASONIC WAY SECAUCUS, NJ 07094
55680 NICHICON/AMERICA/CORP. 6435 N PROESEL AVENUE CHICAGO, 1L 60645
56289 SPRAGUE ELECTRIC CO. NORTH ADAMS, MA N1247
71400 BUSSMAN MFG., DIVISION OF MCGRAW-

EDISON CO. 2536 W, UNIVERSITY ST. ST. LOUIS, MO 63107
71590 CENTRALAB ELECTRONICS, DIV. OF

GLOBE-UNION, TINC. P 0 BOX 858 FORT DODGE, 1A 50501
71744 CHICAGO MINIATURE LAMP WORKS 4433 RAVENSWOOD AVE. CHICAGO, TIL 60640
72136 ELECTRO MOTIVE CORPORATION, SUB OF

INTERNATTONAL ELECTRCONICS CORPORATION LAUTER AVE, P O BOX 7600 FLORENCE, SC 29501
72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 644 W. 12TH ST. ERIE, PA 16512
73138 BECEMAN INSTRUMENTS, INC., HELTPOT DIV. 2500 HARBOR BLVD. FULLERTON, CA 92634
80009 TEKTRONLX, INC. P O BOX S00 BEAVERTON, OR 97077
90201 MALLORY CAPACITOR CO., DIV. OF 3029 E. WASHINGTON STREET

P. R. MALLORY AND CO., INC. P. 0, BOX 372 INDIANAPOLIS, 1IN 46206
91418 RADIO MATERIALS COMPANY, DIV, OF P.R.

MALLORY AND COMPANY, INC. 4242 W BRYN MAWR CHICAGO, TL 60646
915637 DALE ELECTRONICS, INC. P, 0. BOX 509 COLUMBRUS, NE 68601

7-2

REV A. JAN 1880



Replaceable Electrical Parts—DM 502A

Tektronix  Serial/Model No. Mfr
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number
All 670-6010-00 CKT BOARD ASSY:DISPLAY 80009 670-6010-00
Al3 670-6009-00 CKT BDARD ASSY:ANALOG 80009 670-6009-00
————— e (STANDARD ONLY)
Al3 670-6018-00 CKT BOARD ASSY:ANALOG 80009 670-6018-00
— e (OPTION 2 ONLY)
Al5 670-6008-00 CKT BOARD ASSY:MAIN 80009 670-6008-00
all ———— e CKT BOARD ASSY:DISPLAY
Al1DS1101 150-1036-00 LAMP,LED:RED, 3.0V, 40MA 01295 TIL 209A
AllDS1102 150-1036-00 LAMP,LED: RED, 3.0V, 40MA 01295 TIL 209A
ALIR1001 315-0271-00 RES. ,FXD,CMPSN:270 OHM,5%,0.25W 01121 CB2715
A11U1001 150-1066-00 LAMP,LED RDOUT:ORANGE,6 SEG,+/-1 50522 MAN 4605
Al3 e e CKT BOARD ASSY:ANALOG
Al3C1117 290-0290-00 CAP. ,FXD,ELCTLT: 10UF,20%, 25V 56289 30D472
A13¢1202 290-0488-00 CAP.,FXD,ELCTLT: 2. 2UF, 10%, 20V 90201 TAC225K020P02
Al3C1203 281-0775-00 CAP,,FXD,CER DI:0.1UF,20%,50V 72982 8005SDYAABZSU104M
A13C1204 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%, 100V 72982 B8005HYAADWSR103K
Al3C1206 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 S8005HYAADWSR103K
A13C1208 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%Z,100V 72982 8005H9AADWSR1O3K
Al3cl212 283-0793-00 CAP.,FXD,MICA D:3035PF,1%Z,500V 72136 DM19FD30350F0
Al3C1213 283-0431-00 CAP.,FXD,CER D1:28PF,1%,1000V 91418 CNO28DF1021R0
Al3¢1215 281-0064-00 CAP. ,VAR,PLSTC:0.25-1.5PF, 600V 72982 530-002
Al3c1302 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 B8005H9AADWSR103K
A13C1308 285-1101-00 CAP.,FXD,PLSTC:0.022UF, 10%,200V 19396 223K02PT485
Al3cl401 285-1077-00 CAP.,FXD,PLSTC:0. 10UF,20%,600V 14752 230BIFl04
A13CR1019 153-0057-00 SEMICOND DVC,SE:SILICON,40 PIV,200MA,SEL 80009 153-0057-00
A13CR1021 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1IN4152R
A13CR1027 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
Al3CR1101 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
---------- (STANDARD ONLY)
Al3CR1111 153-0057-00 SEMICOND DVC,SE:SILICON,40 PIV,200MA,SEL 80009 153-0057-00
A13CR1115 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 1N4152R
Al3CR1121 152-0149-00 XBO10210 SEMICOND DEVICE:ZENER,0.4W,10V,5% 80009 152-0149-00
—r——— —— (STANDARD ONLY)
Al3CR1121 152-0149-00 XB010255 SEMICOND DEVICE:ZENER,0.4W,10V,5% 80009 152-0149-00
---------- (OPTION 2 ONLY)
Al3CR1122 152-0149-00 XB010210 SEMICOND DEVICE:ZENER,O0.4W,10V,5% 80009 152-0149-00
—————————— (STANDARD ONLY)
A13CR1122 152-0149-00 XB010255 SEMICOND DEVICE:ZENER,0.4W,10V,5% 80009 152-0149-00
---------- (OPTION 2 ONLY)
Al3CR1121 152-0149-00 SEMICOND DEVICE:ZENER,0.4W,10V,52 80009 152-0149-00
Al13CR1122 152-0149-00 SEMICOND DEVICE:ZENER,0.4W,10V,5% 80009 152-0149-00
A13CR1217 152-0141-02 SEMICOND DEVICE:SILTCON,30V,SONA 01295 1N4152R
A13CR1408 152-0141-02 SEMICOND DEVICE:SILICON,30V,50NA 01295 IN4152R
A13DS1014 150-0131-00 LAMP, INCAND: 120V,0.025A 71744  120PS
A13K1113 148-0126-00 RELAY,REED:400 OHM COIL,500MA,250V 21317 BEE-5
Al3K1114 148-0126-00 RELAY,REED:400 OHM COIL,S500MA,250V 21317 BEE-S
A13K1115 148-0126-00 RELAY,REED:400 OHM COIL,500MA,250V 21317 BEE-5
Al13K1216 108-0966-00 COIL,RF:FIXED,REED SWITCH,4V,SINGLE 80009 108-0966-00
A13Q1214 151-0188-00 TRANSISTOR:STLICON,PNP 80009 151-0188-00
A13Q1301 151-0232-00 TRANSISTOR: STLICON, NPN, DUAL 80009 151-0232-00
A13Q1309 151-0188-00 TRANSISTOR:SILICON,PNP 80009 151-0188-00
A13Q1312 151-0190-00 TRANSISTOR:SILICON,NPN 07263 S032677
A13R1001 311-1560-00 RES.,VAR,NONWIR:5K OHM,20%,0.50W 73138 91A RSK
i g (STANDARD ONLY)
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Tektronix  Serial/Model No. Mir
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number
A13R1002 311-1558-00 RES.,VAR,NONWIR:20K OHM,20%,0.50W 73138 91-80-0
i (STANDARD ONLY)
A13R1003 321-0331-09 RES. ,FXD,FILM:27.4K OHM,1%,0.125W 91637 MFF1816C27401F
—————————— (STANDARD ONLY)
A13R1005 321-1653-04 RES. ,FXD,FILM:2.25M OHM,0.1%,0.125W 91637 HMF188D225038
---------- (STANDARD ONLY)
A1IR1006 321-0443-00 RES. ,FXD,FILM:402K OHM,1%,0.125W 91637 MFF1816G40202F
—————————— (STANDARD ONLY)
Al3R1011 311-1559-00 RES. ,VAR,NONWIR: 10K OHM,20%,0.50W 73138 91A-10001M
A13R1012 311-1555-00 RES.,VAR,NONWIR: 100K OHM,20%,0.5W 73138 91-77-0
Al3R1013 321-0816-00 RES. ,FXD,FILM:5K OHM,1%,0.125W 24546 NASSDS000F
Al13R1014 315-0620-00 RES. ,FXD,CMPSN:62 OHM,5%,0.25W 01121 CB6205
AL3RLIOLS 321-0481-00 RES. ,FXD,FILM: 1M OHM,1%,0.125W 91637 MFF1B816G10003F
A13R1016 321-0289-00 RES. ,FXD,FILM:10K OHM,1%Z,0.125W 91637 MFF1816G10001F
Al13R1017 321-0289-00 RES. ,FXD,FILM: 10K OHM,1%,0.125W 91637 MFF1816G10001F
A13R1018 321-0995-00 RES.,FXD,FILM:549K OHM,1%,0.125W 24546 NASS5D5493F
A13R1019 321-0306-09 RES. ,FXD,FILM:15K OHM,1%,0.125W 24546 NESSE1502F
————— ——— (STANDARD ONLY)
A13R1022 315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
A13R1023 315-0620-00 RES. ,FXD,CMPSN:62 OHM,5%,0.25W 01121 CB6205
A13R1024 311-1555-00 RES. ,VAR,NONWIR: 100K OHM,20%,0.5W 73138 91-77-0
Al3R1026 321-0816-00 RES. ,FXD,FILM:5K OHM,1%,0.125W 24546  NAS5D5000F
Al3R1028 315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
A13R1101 321-0199-00 RES.,FXD,FILM:1.15K OHM,1%,0.125W 91637 MFF1816G11500F
—————————— (STANDARD ONLY)
A13R1102 311-1565-00 RES. ,VAR,NONWIR:250 OHM,20%,0.50W 73138 91A R250
Al3R1103 321-0356-00 RES.,FXD,FILM:49,.9K OHM,1%,0.125W 91637 MFF1816G49901F
AI3RI103 mmmem e (STANDARD ONLY)
A13R1105 321-0247-00 RES.,FXD,FILM:3.65K OHM,1%,0.125W 91637 MFF1816G36500F
Al13R1107 308-0817-00 RES. ,FXD,WW:1K OHM,5%,0.125W 91637 RS1A-144
A13R1108 311-1566-00 RES. ,VAR,NONWIR:200 OHM,20%,0.50W 73138 91-88-0
Al3R1112 315-0203-00 RES. ,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
Al3R1113 321-1718-07 RES. ,FXD,FILM:1.111K OHM,0,1%,0.125W 91637 CMF1/10-216-C111
Al3R1114 321-0289-07 RES. ,FXD,FILM: 10K OHM,0.1%,0.125W 91637 MFF1816C100018B
Al3R1116 321-0126-00 RES.,FXD,FILM:200 OHM,1%,0.125W 91637 MFF1816G200RO0F
Al3R1118A-C 307-0644-00 RES,NTWK,FXD F1:1,9.9M OHM,1,9K,1,10K OHM 19647 1776-81
Al3R1121 315-0471-00 B010100 BO10209X  RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
__________ (STANDARD ONLY)
Al3R1121 315-0471-00 BO10100 BOIN254X  RES.,FXD,CMPSN:470 OHM,5%,0,25W 01121 CB4715
—————————— (OPTION 2 ONLY)
Al3R1122 315-0471-00 B0O10100 BO10209X  RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
---------- (STANDARD ONLY)
Al3R1122 315-0471-00 BOLO100 BDO10254X  RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
—————————— (OPTION 2 ONLY)
Al3R1201 311-1550-00 RES.,VAR,NONWTR:2M OHM,20%,0.50W 73138 91-72-0
Al12R1202 321-0452-00 RES.,FXD,FILM:499K OHM,1%,0.125W 91637 MFF1816G49902F
A13R1204 311-1555-00 RES.,VAR,NONWIR: 100K OHM,20%,0.5W 73138 91-77-0
A13R1205 321-0381-00 RES. ,FXD,FILM:90.9K OHM,1%,0.125W 91637 MFF1816G90901F
A13R1207 321-0107-00 RES. ,FXD,FILM:127 OHM,1%,0.125W 91637 MFF1816G127ROF
Al3RI1211 321-0222-00 RES. ,FXD,FILM:2K OHM,1%,0.125W 91637 MFF1816G20000F
Al3R1218 307-0643-00 RES.,FXD,FILM: 200K OHM,1.0%,3W 91637 F69-20002F
A13R1219 307-0645-00 RES.,THERMAL:SK OHM,40% 50157 180050212
A13R1221 315-0203-00 RES. ,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
A13R1304 321-0188-00 RES.,FXD,FILM:887 OUM,1%,0.125W 91637 MFF1816GB87ROF
A13R1305 315-0512-00 RES. ,FXD,CMPSN:5.1K OHM,5%,0.25W n1121 CB5125
A13R1306 311-1563-00 RES, ,VAR,NONWIR: 1K OHM,20%,0.50W 73138 91A RIK
A13R1307 121-1617-06k RES, ,FXD,FILM:5 85K OHM 0,25% 0,125W 91637 MFF1816C58500C
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Al3R1314 315-0203-00 RES.,FXD,CMPSN: 20K OHM,5%,0.25W 01121 CB2035
A13R1315 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
A13R1316 315-0202-00 RES. ,FXD,CMPSN: 2K OHM,S5%,0.25W 01121 CB2025
A13R1317 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
A13R1318 315-0202-00 RES. ,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
A13R1319 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
A13R1402 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
A13R1411 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
Al3R1412 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
A13R1413 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 C€B1035
Al3R1414 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,S5%,0.25W 01121 CB1035
Al3R1416 321-0481-07 RES.,FXD,FILM:1M OHM,0.1%,0.125%W 91637 HFF188C10003B
A13SIA-F 260-1949-00 SWITCH,PUSH:6 BTN,0/2/4/6 POLE,FUNCTION 71590 2KBC1130001230
———— - (STANDARD ONLY)
A13S1A-E 260-1948-00 SWITCH,PUSH:5 BTN,0/2/4 POLE,FUNCTION 80009 260-1948-00
---------- (OPTION 2 ONLY)
Al3SA,3 260-1950-00 SWITCH,PUSH:2 BTN,LOW HIGH DB 71590 2KBB0110001231
A13s4 260-1952-00 SWITCH,PUSH:1 BTN, INPUT 71590 2KAB0100001095
Al1351216 260-0722-00 SWITCH,REED:0.5A,500V, 10W 12617 MRR-5
A13U1004 156-0158-00 MICROCIRCUIT,LT:DUAL OPERATIONAL AMPLIFIER 80009 156-0158-00
A13U1013 156-1134-00 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 80009 156-1134-00
A13U1015 156-0067-00 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 80009 156-0067-00
Al13U1025 156-0158-00 MICROCIRCUIT,LI:DUAL OPERATIONAL AMPLIFIER 80009 156-0158-00
A13U01205 156-1259-00 MICROCIRCUIT,LI:RMS/DC CONVERTER 80009 156-1259-00
A13VR1303 152-0317-00 SEMICOND DEVICE:ZENER,0.25W,6.2V,5% 80009 152-0317-00
Al mmemmm mmeee CKT BOARD ASSY:MAIN
AlSC1144 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 8005D9AABZSUL04M
Al5C1211 290-0748-00 CAP.,FXD,ELCTLT: 10UF, +50-10%, 20V 56289 500D149
415C1316 281-0773-00 CAP.,FXD,CER DT:0.01UF,10%,100V 72982 800SHIAADWSR103K
A15C1318 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 800D5HIAADWSR103K
A15C1331 290-0748-00 CAP. ,FXD,ELCTLT: 10UF,+50-10%, 20V 56289 5000149
A15C1432 285-1101-00 CAP. ,FXD,PLSTC:0.022UF, 10%, 200V 19396 223KD2PT485
A15C1461 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 800SDIAABZSU104M
A15C1553 281-0763-00 CAP.,FXD,CER DI:47PF,10%,100V 72982 8035DYAADCIGLTOK
A15C1561 285-0919-00 CAP.,FXD,PLSTC:0.22UF,10%,100V 56289 LP66A1B224K002
A15C1562 285-1102-00 CAP. ,FXD,PLSTC:0. 1UF,20%, 100V 19396 PT720B104M
A15C1563 290-0415-00 CAP. ,FXD,ELCTLT:5.6UF,10%, 35V 56289 150D565X9035B2
A15C1564 290-0415-00 CAP.,FXD,ELCTLT:5.6UF,10%,35V 56289 150D565X9035B2
A15C1567 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 72982 BOOSDIAABZSUI04&M
A15C1601 283-0693-00 CAP.,FXD,MICA D:1730PF,1%,300V 00853 D19-5F1731F0
A15C1612 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 72982 800SHIAADWSR1O3K
A15C1624 290-0134-00 CAP.,FXD,ELCTLT:22UF,20%,15V 56289 150D226X001582
A15C1641 290-0844-00 CAP. ,FXD,ELCTLT: 100UF,-10+75%,35 WVDC 54473 ECE-A35V100L
A15C1661 290-0845-00 CAP. ,FXD,ELCTLT: 330UF, 10+50%,25 WVDC 55680 2SULA330
A15C1742 290-0846-00 CAP. ,FXD,ELCTLT:47UF,-10+75%,35 WvVDC 54473 ECE-A3SV4TLU
A15C1751 281-0775-00 CAP.,FXD,CER D1:0.1UF,20%,50V 72982 BO05DIAABZSUI04M
A15C1761 290-0267-00 CAP.,FXD,ELCTLT: 1UF,20%, 35V 56289 162D105X0035CD2
A15CR1134 152-0075-00 SEMICOND DEVICE:GE,25V,40MA 14433 G866
A15CR1136 152-0075-00 SEMICOND DEVICE:GE,25V,40MA 14433 GB66
A15CR1152 152-0488-00 SEMICOND DEVICE:SILICON,200V,1500MA 80009 152-0488-00
A15CR1251 152-0075-00 SEMICOND DEVICE:GE,25V,40MA 14433 G866
A15CR1261 152-0075-00 SEMICOND DEVICE:GE,25V,40MA 14433 G866
A15CR1651 152-0066-00 SEMICOND DEVICE:SILTCON,400V,750MA 14433 LG4016
A15CR1652 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG4016
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A15CR1741 152-0585-00 SEMICOND DEVICE:SILICON,BRIDGE,200V, 1A 80009 152-0585-00
A15F1071 159-0021-00 FUSE, CARTRIDGE : 3AG, 2A, 250V , FAST-BLOW 71400 AGC 2
A15K1442 148-0126-00 RELAY,REED:400 OHM COIL,500MA,250V 21317 BEE-S
A15Q1028 151-0301-00 TRANSISTOR: STLICON,PNP 04713 2N2907A
A15Q1105 151-0301-00 TRANSTSTOR: STLTCON, PNP 04713 2N2907A
A15Q1121 151-0301-00 TRANSISTOR:SILICON, PNP 04713 2N2907A
A15Q1124 151-0301-00 TRANSISTOR: STLICON, PNP 04713 2N2907A
A15Q1126 151-0301-00 TRANSISTOR: SILICON, PNP 04713 2N2907A
A15Q1456 151-0188-00 TRANSISTOR:STLICON, PNP 80009 151-0188-00
A15Q1472 151-1068-00 TRANSISTOR: STLICON,JFE,SEL FROM 284340 80009 151-1068-00
A15Q1533 151-0190-00 TRANSISTOR: SILICON,NPN 07263 5032677
A15R1001 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
AI5R1002 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
A15R1003 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
AI5R1012 315-0301-00 RES. ,FXD,CMPSN: 300 OHM,5%,0.25W 01121 CB301S
AI5R1013 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,0.25W 01121 €B2215
AISR1014 315-0152-00 RES. ,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
AI5R1031 315-0560-00 RES. ,FXD,CMPSN:56 OHM,5%,0.25W 01121 CB5605
AI5R1038 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 .CB2215
AI5R1041A,8B,C  307-0400-00 RES.,FXD,FILM:10 OHM,0.1% 80009 307-0400-00
A15R1058 321-0895-07 RES. ,FXD,FILM:90 OHM,0.1%,0,125W 91637 MFF1816C90R00B
A15R1102 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
A15R1103 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 C€B2215
AISR1104 315-0221-00 RES. ,FXD,CMPSN:220 OHM,5%,0.25W 01121 CB2215
AL5R1107 315-0223-00 RES. ,FXD,CMPSN: 22K OHM,5%,0.25W 01121 ©B2235
AISR1109 315-0821-00 RES. ,FXD,CMPSN:820 OHM,5%,0.25W 01121 CB8215
AISRILIL 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CBS5115
AI5R1112 315-0152-00 RES. ,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
A15R1113 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CBS115
AISRI114 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
ALSRILLS 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CBS5115
AI5R1116 315-0152-00 RES. ,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
AISR1117 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AISR1118 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CBS5115
AI5R1119 315-0221-00 RES.,FXD,CMPSN:220 OHM,5%,0.25W 01121 €B2215
A15R1132 315-0221-00 RES. ,FXD,CMPSN: 220 OHM,5%,0.25W 01121 CB2215
AL5R1137 315-0821-00 RES. ,FXD,CMPSN:820 OHM,5%,0.25W 01121 ©CB8215
AI5R1151 321-0754-07 RES.,FXD,FILM:900 OHM,0.1%,0,125W 91637 MFF1816C900R0B
AI5R1311 315-0512-00 RES. ,FXD,CMPSN:5,1K OHM,5%,0.25W 01121 CB5125
A15R1325 315-0391-00 RES. ,FXD,CMPSN: 390 OHM,5%,0.25W 01121 CBI915
Al5R1358 315-0103=00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AI5R1378 307-0110-00 RES.,FXD,CMPSN:3 OHM,5%,0,25W 01121 CBIOGS
A15R1404 315-0512-00 RES. ,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
AI5R1416 321-1625-06 RES. ,FXD,FILM:277.8K OHM,D.25%,0.125W 91637 MFF1816C27780C
AI5R1418 321-0266-00 RES.,FXD,FILM:5.76K OHM,1%,0.125W 91637 MFF1816G57600F
A15R1441 321-1643-07 RES. ,FXD,FILM:11.03K OHM,0.1%,0.125W 91637 MFF1816C110318
A15R1443 311-1559-00 RES.,VAR,NONWIR: 10K OHM,20%,0.50W 73138 91A-10001M
A15R1452 315-0224-00 RES. ,FXD,CMPSN: 220K OHM,5%,0.25W 01121 CB2245
AI5R1453 315-0164-00 RES. ,FXD,CMPSN: 160K OHM,5%,0.25W 01121 CB1645
AI5R1454 315-0333-00 RES. ,FXD,CMPSN: 33K OHM,5%,0.25W 01121 CB3335
AISR1455 315-0333-00 RES.,FXD,CMPSN: 33K OHM,5%,0.25W 01121 €B3335
Al5R1457 321-0385-07 RES. ,FXD,FILM: 100K OHM,0.1%,0.125W 91637 MFF1816C100028B
AlSR1458 321-1691-07 RES. ,FXD,FILM: 74 44K OHM,0.1%,0.125W 07716 CEAET4441B
AI5R1462 315-0105-00 RES.,FXD,CMPSN: IM OHM,5%,0.25W 01121 CB10SS
A15R1464 315-0104-00 RES. ,FXD,CMPSN: 100K OHM,5%,0.25W 01121 CB1045
A15R1466 321-1719-07 RES.,FXD,FILM:112,5K OHM,0.10%,0,125W 24546 NESSE11252B
A15R!S02 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0,25W 01121 ¢€B1035
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AL5R1503 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
A15R1504 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AI5R1512 321-0383-08 RES. ,FXD,FILM:95.3K OHM,1%,0.125W 24546 NC55C9532F
A15R1514 321-1625-06 RES. ,FXD,FILM:277.8K OHM,0.25%,0.125W 91637 MFF1816C27780C
Al5R1515 321-0249-09 RES.,FXD,FILM:3,83K OHM,1%Z,0.125W 91637 MFF1816C38300F
Al15R1516 321-1625-06 RES. ,FXD,FILM:277.8K OHM,0.25%,0.125W 91637 MFF1816C27780C
Al5R1518 311-1558-00 RES. ,VAR,NONWIR:20K OHM,20%,0.50W 73138 91-80-0
Al5R1521 311-1566-00 RES.,VAR,NONWIR:200 OHM,20%,0.50W 73138 91-88-0
A15R1523 311-1559-00 RES. ,VAR,NONWIR: 10K OHM,20%,0.50W 73138 91A-10001M
Al5R1526 321-0259-08 RES.,FXD,FILM:4,.87K OHM,1%Z,0.125W 24546 NC55C4B71F
Al5R1527 321-0684-00 RES.,FXD,FILM: 15K OHM,0.5%,0.125W 91637 MFF1816D15001D
Al5R1531 311-1566-00 RES.,VAR,NONWIR:200 OHM,20%,0.50W 73138 91-88-0
A15R1532 315-0161-00 RES. ,FXD,CMPSN: 160 OHM,5%,0.25W 01121 CB1615
AI5R1542 311-1555-00 RES. ,VAR,NONWIR: 100K OHM,20%,0.5W 73138 91-77-0
Al5R1544 315-0683-00 RES. ,FXD,CMPSN:68K OHM,5%,0.25W 01121 CB6835
A15R1545 321-0182-00 RES. ,FXD,FILM:768 OHM,1Z,0.125W 91637 MFF1816G768ROF
Al15R1566 315-0684-00 RES. ,FXD,CMPSN: 680K OHM,5%,0.25W 01121 <CB684S
Al5R1623 315-0200-00 RES. ,FXD,CMPSN:20 OHM,S5%Z,0.25W D1121 CB2005
AI5R1633 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
AlS5R1762 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
Al5R1771 311-1566-00 RES.,VAR,NONWIR:200 OHM,20%,0.50W 73138 91-88-0
Al5RT1522 307-0127-00 RES.,THERMAL:1K OHM,10% 50157 2D1596
Al5S2A-F 260-1951-00 SWITCH,PUSH:6 BTN,2/6 POLE,RANGE 80009 260-1951-00
A15T1721 120-1243-00 XFMR,PWR, STU: 80009 120-1243-00
Al1501126 156-0383-00 MICROCIRCUIT,DI:QUAD 2-INPUT NOR GATE BOD09 156-0383-00
Al5U1136 156-0382-00 MICROCIRCULIT,DI:QUAD 2-INPUT NAND GATE 80009 156-0382-00
Al5U1146 156-0799-00 MICROCIRCUIT,DI:DECADE CNTR/DTV 80009 156-0799-00
Al5UL156 156-0058-00 MICROCIRCUIT,DL:HEX. INVERTER 80009 156-0058-00
Al5U1166 156-0385-00 MICROCIRCUIT,DI:HEX.INVERTER 80009 156-0385-00
Al5U1201 156-1243-00 MICROCIRCUIT,DGTL:SEGMENT DECODER/DR 80009 156-1243-00
Al5U1211 156-0724-01 MICROCIRCUIT,DGTL:HEX INVERTER 80009 156-0724-01
Al5U1221 156-0058-00 MICROCIRCUIT,DI:HEX. INVERTER 80009 156-0058-00
Al501231 156-0386-00 MICROCIRCUIT,DI:TRIPLE 3-1INPUT NAND GATE 80009 156-0386-00
Al5U1241 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 80009 156-0382-00
Al5U1251 156=-0464=-00 MICROCIRCUIT,DI:DUAL 4-INPUT NAND GATE 80009 156-0464-00
Al5U1261 156-0382-00 MICROCTIRCUIT,DI:QUAD 2-INPUT NAND GATE 80009 156-0382-00
A15U1300 156-0165-00 MTCROCTIRCUIT,DI:DUAL 4-INPUT POS NOR GATE 01295 SN7425N
Al501311 156-0476-00 MICROCIRCUIT,DI:DIG SECT OF A/D SYSTEM 17856 LD110CJ
Al5Ul321 156-0875-00 MICROCTIRCUIT,DI:DUAL 2 WIDE 2TNP AOl GATE 80009 156-0875-00
Al5U01331 156-0382-00 MICROCTIRCUIT,DI:QUAD 2-INPUT NAND GATE 80009 156-0382-00
Al5U1341 156-0464-00 MICROCTIRCUIT,DI:DUAL 4-INPUT NAND GATE B0O0D09 156-0464-00
Al5U1351 156-0382-00 MICROCTIRCUIT,DI:QUAD 2-INPUT MNAND GATE 80009 156-0382-00
AlS5U1361 156-1245-00 MICROCIRCUIT,LI:7 XSTR,HV/HIGH CUR 80009 156-1245-00
Al5U1400 156-0970-00 MICROCTIRCUIT,DL:QUAD HV NAND GATE W/oC OUT 80009 156-0970-00
AlS5U1411 156-0718-00 MICROCIRCUIT,DI:TRIPLE 3-INP POS-NOR GATES 80009 156-0718-00
Al5U1421 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE B0009 156-0382-00
Al5U1431 156-0386-00 MICROCIRCUIT,DI:TRIPLE 3-INPUT NAND GATE 80009 156-0386-00
Al5U1461 156-1268-00 MICROCTRCULIT,LI:A/D CONVERTER 80009 156-1268-00
Al5U1501 156-0644-00 MICROCIRCUIT,DL:QUAD BILATERAL SWITCH 80009 156-0644-00
Al5U1611 156-0402-00 MICROCIRCUIT,LL:TIMER 27014 SL34829
Al5U1651 156-0277-00 MICROCIRCUIT,L1:VOLTAGE REGULATOR 80009 156-0277-00
Al5U1655 156-1262-00 MICROCIRCUIT,LI:VOLTAGE REGULATOR 80009 156-1262-00
Al5U1754 156-0872-00 MICROCTIRCUIT,LI:VOLTAGE REGULATOR 80009 156-0872-00
A15VR1451 152-0168-00 SEMICOND DEVICE:ZENER,0.4W,12V,5% 80009 152-0168-00
AI5VR1565 152-0317-00 SEMICOND DEVICE:ZENER,0.25W,6.2V,5% 80009 152-0317-00
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DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS

Symbols
Graphic symbols and class designation letters are
based on ANSI Standard Y32.2-1975.

Logic symbology is based on ANSI Y32.14-1973 in
terms of positive logic. Logic symbols depict the logic
function performed and may differ from the manufac-
turer’s data.

The overline on a signal name indicates that the signal
performs its intended function when it is in the low state.

Abbreviations are based on ANS! Y1.1-1972.

Other ANSI standards that are used in the preparation
of diagrams by Tektronix, Inc. are:

Y14.15, 1966  Drafting Practices.
Y14.2, 1973  Line Conventions and Lettering.
Y10.5, 1968 Letter Symbols for Quantities Used in

Electrical Science and Electrical

Engineering.
American National Standard Institute

1430 Broadway
New York, New York 10018

Component Values

Electrical components shown on the diagrams are in
the following units unless noted otherwise:

Capacitors = Values one or greater arein picofarads (pF).
Values less than one are in microfarads
(uF).

Resistors = Ohms (Q).

The following special symbols may appear on the diagrams:

Assembly Numbers and Grid Coordinates

Each assembly in the instrument is assigned an
assembly number (e.g., A20). The assembly number
appears on the circuit board outline on the diagram, inthe
title for the circuit board component location illustration,
and in the lookup table for the schematic diagram and
corresponding component locator illustration. The
Replaceable Electrical Parts listis arranged by assemblies
in numerical sequence; the components are listed by
component number (see following illustration for
constructing a component number).

COMPONENT NUMBER EXAMPLE

Component Number

—_—

A23 A2 R1234
Schematic
Circuit
Number

ssembly , | ¢
Numoer Subassembiy
Number (if used)

-

Chassis-mounted components have no Assembly Number
prefix—see end of Replaceable Blectrical Parts List

The schematic diagram and circuit board component
location illustration have grids. A lookup table with the
grid coordinates is provided for ease of locating the
component. Only the componentsillustrated onthefacing
diagram are listed in the lookup table. When more than
one schematic diagramisusedtoillustrate the circuitry on
a circuit board, the circuit board illustration may only
appear opposite the first diagram on which it was il-
lustrated; the lookup table will list the diagram number of
other diagrams that the circuitry of the circuit board
appears on.

A ., B |, C , D i
_ 1 - - - Modified Component—See
Function Block Title -1 - o - Parts List (Depicted in grey,
~— or with grey outline)
Internal ) 1 H Sh e SSTIING § SRR TR TRy ST ST F’h—:::nﬁ:ﬂ\aT w
Screwdriver & L S __,.;”;;.‘x* . =& -~ Strap or Link
Adjustment ey B ~Sv [1 | i —F=)csee
*_‘® SETUP _:‘7%*! g =" i
Cam Switch ] R40 < R E/ Y S92
Closure Chart - | > oK Lise | sV i 5 +F--4[FEs1
(Dot indicates “;: X 763 A4 9 |
switch closure) 4 ; \o 2.01K T l . Pee = - Plug to E.C. Board
| 2 c42 »
Etched Circuit Board [ . I T 678 <0 ©- I |s2] ee2 Jiea ifi
et - S . z = : I~ i~ = - - |dentifies Panel
Outlined in Black 2 I R s ha ‘<3‘> . 5 oo —"3_@~. G‘Q'\:/‘-SVN‘-‘— Con rols, Connectors and
M La + | *+E o 1 ~ -~ - ndicators
Refer to Waveform -~ 1 —Jf — IITD‘E/ 1 g RS2 SRB. i P
) o " ° §4gza( T ‘1 " Coaxial connectors:
Function Block A L T 2, 583 E male
Outline iz =14 oy VN 3 ~ §
£ fdr ZH-ee= ) Q6@ } . .—% emale
H ¥ - RV 2 P .
IC type - ; U"..S 1 crsa 74 258 T RSE --’|. 7'1515‘;% H I Plug Index; signifies pin No. 1
3 74123 §SL:_ - 1 ra< [} “
Test Voltage i m e | 27 58% 22O
{ ] < 3 I - External Screwdriver
i - 18V, é Adjustment
Heat Sink R & : 3, sy 23S _IPoe |
[ - - - L " "
- 2 Shieldin
Board Name ! !1_.” U SO URES WAL ¥ s ST | M e cia i S 9
. - Selected value, see Parts
B/O—Part of 4 /0 AS TIMING BOARD | e List
circuit board ’ ' Decoupled or Filtered
Voltage
Assembly Number ETZ-XXXX XX R332 (& g .
¢ Refer to Diagram Number
Tektronix Part No.
for circuit boards SVNC GCENERATOR \L\/\

Schematic Name
and Number



DM 502A BLOCK DIAGRAM

TEMP o
\ PROBE |
/ TEMP TEMPERATURE I
CONVERTER N A/D CONVERSION BLOCK
N U1004A |
DCI + +
/ Cl + DCV + OHMS o FUNCTION l R —
ACI + ACV T SUPPLY
g HIGH INPUT - | U1461 VR1565
/ I 0
TRUE RMS
Rg CONVERTER — |
CONVERTER ATTEN
U1013 ber | CLOCK
o | U1611
N LOW INPUT
) |
dB |
CONVERTER |
CURRENT J12e8 SCABING Lp110
SHUNT U1501 | n
AN CURRENT INPUT l——————-_—______.___
Va OR/UR
DECODE
U1321
OR UR
AUTO RANGE
COUNTER +/aaq BCD
U1136 U1146 ! TO
U1156 U1001 U1002 7-SEG.
FLOATING POWER SUPPLY u1101 U1102 u1201
N o} AUTO/MAN
RELAY &
/ t15V DEC. PT.
CODE
25 VAC L 12V U1431
N U1361
J /7L L — 5V
FRONT PANEL RELAYS
RAN K1216
GE SWITCHES zma
1114
U1651 U1655 K1115

U1754

Fig. 8-1
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ANALOG TO DIGITAL CONVERTER BLOCK DIAGRAM

DM 502A
PARALLEL
BCD OUTPUT DIGIT STROBES
VREF Vm S'GN r BI BZ B, 8. " r Dl D2 03 D‘ A
Q.0 Q Q P9 999
' | & 5 16 |15 [14 |13 1 |23 |4
REFERENCE BUFFER
INPUT BUFFER DATA DIGIT
BUFFERS BUFFERS
| u/D JIE
15 1 P 4 9
o—©0 O MULTIPLEXER
I T 1 T i B
HIGH —- =
QUALITY = | = " INTE- CONTROL STATIC
GND | GRATOR COMP Loaic LATCHES
| COMPARATOR So—0-8 i t
| 3 1/2 DECADE 10f4
[ BCD COUNTER DECODE
AZ BUFFER
| I ? l I l
| - o 02 TIME BASE
| + 3 COUNTER
__ _| conTROL |
| ({é LOGIC [ o1 [ o2
l 29 CLOCK
L M/Z o1 02 GENERATOR
—————————————— —_—————— = l———ﬁ 3 10
(gw (Ls fl (% 1 (L 11 £12 é7
vi . L v, GND CLOCK IN
ANALOG ,
GND OFFSET U131
: NULLING LD110
U1461
LD111A
R, = R1458, R1443
Rz = R1457
C.: = C1432
R. = R1453
R, = R1455

Fig. 8-2




ADJUSTMENT LOCATIONS R1518

dB REF

R1521
R1443 —20 dB Adj

2 V Dc Adj

R1531

.2 V Dc Adj g}gg:

TITETET
J1001
 E D
i 5
J1002
SR EEN]

il
®5e
DD
]
t—- B
<ITIC)
,\@@
éf;‘;_\ —-12V
& &
- Se= g +15.75 V
o

2®

R1542 +5V

Fig. 8-3.Main Board Dc Volts Zero

R1771
+15.75 V Adj



ADJUSTMENT LOCATIONS

R1108
Ac Gain

TP1301

R1102
dB Gain

S
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T Plepieleteeteleef|&
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(ief]
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R1001

Fig. 8-4.Analog Board

C1215
Ac Comp



Power Supply

For any malfunction when the cause is
not readily apparent, first check all
power supplies.

No

) Is
+5 V supply
OK/

No Is

Check regulator U1655, |

R1762, and R1771. Also
check for excessive load
on +15.75 V supply.

Is there
about 26 V across
Cc164

Yes

Check
mainframe

Is there
25 VAC between

No

13A and 13B
?

Yes

Check transformer
T1721, CR1741, C1641,
and regulator U1655. Also
check for malfunction in
—12 V supply which may
load down the trans-
former.

Fig. 8-5

+15.75 V supply
\K?

Yes

Ig there

about 12 V across

C1661
?

Is there
25 VAC between
13A ar;d 13B

No

DM 502A

Check regulator U1651.
Also check for excessive
load on +5 V supply.

Check
mainframe

Check transformer T1721,
CR1651, CR1652, C1661,
and regulator U1651. Also
check for malfunction in
+15.75V or —12V sup-
plies which may load
down the transformer.

Is
—12V supply
OK?

Yes

All supplies
OK

Is there
about 26 V across
C1742?

Is there

25 VAC between

13A and 13B
?

Yes Check regulator U1754.

Also check for excessive
load on —12 V supply.

Check
mainframe

Yes
Check transtormer T1721,
CR1741, C1742, and

regulator U1754.




DM 502A

Check power supplies.

Y

Select 200 mV DC range
Set INT/EXT switch out.

Does display
respond to changes
in input_)voltage

No

out.

Short input on 200mvVDC
range and set INT-EXT

No

Y

Disconnect CR1019 and
CR1111 to see if leakage
is causing offset.

?

Can
display be
zeroed

Replace CR1019 and

CR1111.

Disconnect one end of
R1112 to see if U1013
input leakage is causing
offset.

Replace U1013

Check U1461 and auto
zero circuit Q1533.

will
display zero
by adjusting

R1542

Yes

DC VOLTS

Check that DM
voltage appears at ADC
input (U1461-15).

Check clock U1611,
@311. and display circuit

input

'

Y

Input 100 mV DC
on 200 mV DC
range

Is No
display >

Is
display

No

g
U1461 pin 15 equal
to voltage at
volts?lnpul

Yes

Check
R1466

check

that

There should be no
attenuation on the 200 mV
range.

attenuator
is disabled. It
should not be enabled on
any DCV range. Also,
input switching.

]

Does
display
indicate 1/10
of input
voltage
?

correct
?

Yes

Check accuracy of remaining of dc
volts ranges with appropriate inputs. If
dm can be calibrated on 2 V DC range
but is out of spec on other DCVranges,
either the attenuator network R1118 or
the input switching is probably
defective. If display indicates 1/10 of
the input voltage, check the X10
attenuator controlled by Q1456 and
Q1472. It should be disabled except for
a brief period when the range is
changed. Also check relay K1442. it
should be on for 200 mV and 20 V, and
off for the rest of DCV ranges.
Operation of relays K1114, K1115, and
K1216 can be checked usingrelay logic
table.

Check reference Zener
VR1565; gain setting
resistors R1443, R1458,
R1457, R1441, R1531, and
integration cap C1432.
Also check U1461, U1311
and display circuit (3)

Check K1442 and the
logic that drives it. It
should be on.

REV A JAN 1980

Fig. 8-6

Y

®

Check display circuit

If part of display indication is missing,
first check that display board is seated
in its socket,

To determine if the display indicates
the same information as that coming
from U1311, check the signals for each
digit, one digit at a time. For each digit
observe on an oscilloscope both the
digit select output and the BCD
outputs from U1311. If the digit
displayed matches the BCD outputs
from U1311 during the digit select
pulse, any error in that digit must be
caused by U1311.

Problems with single digits can usually
be traced to the display itself, display
board connector, or display drivers.

If the sign is missing, check Q1312.

For decimal point problems check the
decimal decoding logic of U1311,
U1231C, U1431A—B, U1421A,
U1431C, and U1361G.

2603-13



DC CURRENT

Check power supplies

Y

Check DC volts

¥

Check that test leads are connected to LOW and mA terminals.

Is
fuse F1071
good
?

Replace fuse F1071

Check for a DC voltage at the ADC
input (U1461-15) that corresponds to
expected reading. Full scale input
current on any DC current range
should produce 200 mV DC at U1461-
15.

Is
voltage
at U1461-15
correct?

Check relay K1442 and
the driving logic. It should
be on.

Is
properly
converted DC
voltage (0.2 V F.S.)
present at board
interconnect
pir; 5

No

Yes

Check that attenuator
R1466 is disabled. Also
check switches between
interconnect pin 5 and
converter input (U1461-
15).

Check current shunts R1151, R1058,
and R1041. Check input switching for
the shunts. Also check protection
bridge diodes CR1152.

Fig. 8-7

2693-14
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Check power supplies

4

Check DC volts

OHMS

Is
lamp DS1014
go,fd

Replace Lamp DS1014 Also check
CR1019 and CR1111 for leakdge. They
may have been damaged when lamp
was blown.

WASiS b

shorted input,
is display

Check kQ switch,

zero
?

Yes

Connect a known resistor to DM input
which is close in value to full scale.
Measure voltage from VOLTS/Q to LO
input. For full scale Reading, Voltage
across resistor being measured should
be: 0.2 Vior 200 Qrange;2 Vior 20 MQ
range; 0.2 V for LO Q and remainder of
ranges; and 2 V for HI Q and rest of
ranges.

Is
voltage
at input
cor;ed

Check path from
VOLTS/Q input to ADC
input. Voltage at these
points should be equal.

No

Measure voltage from
U1013-2 to U1013-6. It
should be 1V when
K1113S1 is closed and
10V when K1113S1 is

open.

Is

voltage

correct
?

Check kQ switch. Check
current source Q1301,
voltage reference VR1303
andresistors.

voltage
equal at
U1013-2 and

uU1013-3
?

Yes

Check kQ switch; relays
K1114, K1115, and S1216;
and protection diodes
CR1019 and CR1111.

Check op amp U1013 and
protection diodes CR1019
and CR1111.

Fig. 8-8

DM 502A
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DM 502A

Check Power Supplies

Y

Check DC Volts

Y

AC VOLTS

voltage at

With ac voltage atinput, checkforaDC
RMS converter output
(U1205-8) which corresponds to the
input voltage. Full scale input should
produce 2 VDC at U1205-8 on 200
mV—200 V ranges and 5V DC on 500
V range.

|

Is
voltage
at U1205-8

correct
?

Check AC voltage at
U1013-6. Amplitude for
full scale input should
produce 2 VAC at U1013-
6 on 200 mV—200 Vrange
and 5 V AC on 500 V
range.

Is

voltage
at U1013-6
cor;ect

Is
voltage
at U1461-15 equal
to voltage at U1205-8
on 200 mV —200 V ranges
and 1/10 of voltage at
U1205-8 on 500 V

Check switches between
U1205-8 and U1461-15.
Also check attenuator
R1466 controlled by
Q1472 and Q1456.

Check relay K1442 and
the driving logic. It should
be off.

Check rms converter
U1205.

Check gain of buffer
U1013. The gain should
be 10 for 200 mV and 20 V
ranges and 1 for 2 V, 200
V, and 500 V ranges.

!

Is
gain of
u1013
cor;ect

Yes

Check relays K1114,
K1115, and K1216 using
relay logic table. Also
check attenuator
compensation caps
C1212, C1213, C1215and
input switching.

Check U1013 and gain
setting resistors R1113
and R1114. Also check
relay K1113 and the logic
that drives it. It should be
on for 200 mV and 20 V
ranges.

2693-16

Fig. 8-9
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AC CURRENT

Check power supplies

|

Check DC volts

4

Check AC voits

v

Check DC current

di

indlc::stl':l):yﬂw Yes Check relay K1113. It

of what it { should be on because of
should ACI switch

be?

Is No

sigr; off Check ACI switch

Check ACI switches

2R03-17

Fig. 8-10



TEMPERATURE

Check power supplies

Y

Check DC volts

Y

Check ohms

Is

display

overranged
2

Yes

Check probe resistance.
Also check probe
connectors and TEMP
switch from probe
connector to temp ampl.
Check that relay K1442
is open.

Is
dc voltage

at temp amp
output (U1004-1)

equal to 10 mV/°C
times probe
lempg;ature

No

Check for a DC voltage at
temp amp input (bottom
end of R1019) which is
equal to 1 mA X probe
resistance.

Is
voltage
at U1 1
1/10 of what it
should
be?

Yes

Is
display
indication
10 times what
it should
be?

No

Check TEMP switch from
temp amp to converter
input.

Check attenuator R1466.

It should be disabled.

Check relay K1442,
should be open.

Fig. 8-12

REV A JAN 1980

Y

Is
tempk Yes
input voltage

correct
?

Check resistance of
temperature probe using
probe resistance graph.

Is
probe OK
?

Check TEMP switch from
current source to temp
circuit.

Is
display Yes
correct below
50°C?

Check temp amp U1004A
with associated resistors
and diode.

Check probe connector
and cable.

Check CR1101,
and R1101.

R1103

2693-19



Yes

Check power supplies

\

Check DC volts

Y

Check AC volts

Check dB

;

Check ohms

Does
DM up-range
before range is
exceoeded

No

Does
DM fail
to up-range
when range is
exce:ded

No

DM down-range
when under-ranged
?

Auto range
OK

AUTO-RANGE

Does
a definite negative
transition occur
at U1321-8 when
erroneous up-
ranging
occurs

Are
there glitches
at U1146-14?
They may be
difficult to
detect.

Check U1146

Yes

| low until

Check U1321-8 and its
input signals. The OR line
(U1321-13) shouldremain
range is
exceeded. dB over-
ranging is covered in
more detail in dB flow-
chart.

Check R1325, C1331 and
U1221B. Glitches are
sometimes present at
U1321-8 coincident with
pulse edges on digit
select lines. These should
be sufficiently filtered by
R1325 and C1331 to pre-
vent them from passing
through U1221B.

Fig. 8-13

Check U1311C. U1146-13
should be low except
when on the highest
range for the selected
tugction. l.e. 1000 V, 20
MQ.

\ 4 Yes

Check U1321-6 and its
input signals, U1321-2;

Check U1126D and U1421B

should be low.
No Is
U1136-13
hlgh
)
Check AUTO switch. Yes

REV A JAN 1980

Replace
U1136

Check U1146, U1156 and
AUTO switches con-
nected to outputs of
U1156.

Check
U1301A

Yes

Is
U1146-13
low

?

Are
there
glitches at
Ui 4?6-1 5

Is
there
a repetitive
pulse at
U1 1-},6-14

Is
there
a repetitive
pulse at
U13$1-8

Check logic from U1301-8
to U1146-14.

When
display is
less than 100
counts, is there
a repetitive
pulse at
U11§’6-15

Are
U1136-9 and 10
repeatedly low
at the same
time?

Check logic from U1136-9
and 10 to U1146-15.

Check R1137, C1144 and
U1136A. Glitches are
sometimes
U1321-6. These should be
filtered suificiently by
R1137 and C1144 so they
don’t

U1136A.

present at

pass through

Yes

DM 502A

| Check U1146

Check U1311

2693-20
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Table 8-2
COMPONENT
REFERENCE
CHART

P/O A13 ASSY

INPUT CIRCUITRY <D

Circuit Schematic Board Circuit Schematic Board Circuit Schematic Board
Number Location Location | Number Location Location Number Location Location
c1117 H7 D3 R1002 K7 A2 S1-B F3 L3
C1202 J5 D2 R1003 H8 B2 S1-B F5 L3
C1204 L5 E2 R1005 J7 B2 S1-B H2 L3
C1206 J6 F2 R1006 K7 c2 S1-B L7 L3
C1208 cs F2 R1011 E7 A3 s1-C K1 L3
Cc1212 H6 E3 R1019 J8 B3 $1-C F7 L3
C1213 H5 D4 R1101 K8 c1 $1-C E7 L3
C1215 H5 E4 R1103 K7 c1 $1-C c5 L3
C1302 H8 H1 R1108 J7 D1 $1-D Ja L4
C1308 M6 J5 R1112 D7 c3 $1-D c7 L4
c1401 F5 J2 R1113 ES C3 S1-E Fa4 L4
R1114 F7 c3 S1-E c7 L4
CR1019 D7 c3 R1116 F6 c3 S1-E E2 La
CR1101 L7 Cc1 R1118A F6 D3 S1-E L7 L4
CR1111 D7 C3 R1118B F6 D3 S1-F H8 L5
CR1115 F4 Cc3 R1118C F6 D3 S1-F J8 L5
CR1217 L3 F3 R1201 J5 E1 S1-F L6 L5
CR1408 F7 L2 R1202 J5 E2 S1-F D2 LS5
DS1014 c7 B3 mggg 5‘2 k S1-F cé L5
J5 A1 Chassis | R1207 J6 F2 giﬁ 'L‘z H3
J500 B8 Chassis | R1211 E6 D3 oa 7 H3
J510 B2 Chassis | R1218 F5 E4 : i"'z H3
J520 B2 Chassis R1219 F5 Fa4 sz 33 H3
J530 B3 Chassis R1221 E2 ES 6 H4
J1221 M3 E6 21304 c7 H2 gz g; m
Jua 83 26 REEZ g; ﬂf $1216 E5 E4
K1113 H4 4 7 D7 H2
K1114 E4 c4 R1314 E1 Ja TP1013 H7 B3
K1115 E4 D4 R1315 F1 J4 TP1108 L6 D2
K1216 E4 E4 mg}g E1 j«z TP1301 B8 H2
L4 4
P1221 M3 Hé mg}g K1 Ja 3}323“ 'ég gg
1 Chassi K2 J3
P142 A8 assis 1302 K2 o U1205 35 E2
Q1214 F2 D5 R1411 J2 J3
Q1301 D7 F1 R1412 H2 J3 VR1303 cs F2
Q1309 K3 J2 R1413 H2 K3
Q1312 F2 J3 R1414 J3 Ja
R1001 H7 A1 R1416 L6 J5
P/O A13 Assy also shown on (2

P/O A15 ASSY Refer to Fig. 8-15

INPUT CIRCUITRY <}

CR1152
F1071

C3
B2

C4
B6

R1041A
R1041B
R1041C
R1058
R1151

S2-B
S2-C
S2-D
S2-E

A3
A3
A4
A4

P/O A15 ASSY also shown on < &> <@




B

C

L

M

NOTES 3 MODE SWITCH,
IN DCV POSITION

S1

+SV +Sv
e e, R1316 R1318 J1221
! CURRENT SHUNTS! K 2K
b et 12 12 18 N
g P1221 0o P1221-16
TO J1221-5 . SV sic o f TO@
1 R11S51 R131S 11 ~ 1
To J1221-1 & S0 22K %w,‘ Sp1221-11)
10
R10258 Q1312 > Pi1221-10)
so P s1B +5V SIGN ENABLE 1o
VOLTS| (O—e—
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Table 8-3

COMPONENT
REFERENCE CHART

A/D Converter

P/O A15 ASSY dB Scaling, Pwr Supply <2>
Circuit Schematic Board Circuit Schematic Board
Number Location Location Number Location Location
C1432 E3 J3 R1464 C5 J5
C1461 D4 K5 R1466 D4 J5
C1553 Cc2 K4 R1502 J8 K1
C1561 D4 K5 R1503 J7 L1
C1562 D2 K5 R1504 J7 L1
C1563 C3 K5 R1512 L8 K2
C1564 D3 L5 R1514 J6 K2
C1567 F7 L5 R1515 J6 K2
c1641 D6 N4 R1516 J6 K2
C1661 D7 M5 R1518 L7 L2
C1742 D6 P4 R1521 J6 K3
C1751 F6 N5 R1531 H3 K3
c1761 F6 N5 R1532 Cc3 K3

R1542 c2 X4
CR1651 c7 M5 R1544 B2 K4
CR1652 C7 M5 R1545 c3 L4
CR1741 Ccé6 N4 R1566 D4 L5

R1633 C2 M3
J1517 L6 L1 R1762 D6 N5

R1771 D6 P6
K1442 F1 J4

RT1522 L7 K3
P1517 L6 L1

Ti721 B6 N3
Q1456 C5 J5
Q1472 C5 J6 TP1542 F6 L4
Q1533 B2 K4 TP1660 L6 P6

TP1672 F7 Mé
R1358 F2 H5
R1378 Cc4 H6 U1401A J7 Ji
R1416 J6 J2 U1401B J7 J
R1418 L7 K2 u1401C J8 i3]
R1441 H2 K4 u1461 E5 Js
R1443 H3 K4 U1501 K6 K1
R1452 BS H5 U1651 D7 LS
R1453 E3 H5 U1655 D6 NS
R1454 D2 J5 U1754 D6 P5
R1455 F3 J5
R1457 E2 J5 VR1451 C3 H5
R1458 H3 J5 VR1565 C3 LS
R1462 C5 . J5

P/O A15 ASSY also shownon <D & &

A/D Converter <2>

P/O A13 ASSY Refer to Fig. 8-14 dB Scaling, Pwr Supply

CR1021 L3 A5 R1028 L1 C5
CR1027 L2 CS R1102 J4 c2
R1105 K4 Cc2
R1012 K2 A3 R1107 K4 D2
R1013 J3 A4 R1121 M1 C5
R1014 K2 A4 R1122 L2 C5
R1015 K3 A4
R1016 J2 B4 u1004B K4 B2
R1017 J2 B4 uU1015 J1 B4
R1018 K2 B4 U1025A L2 B5
R1022 L2 AS U1025B L1 BS
R1023 K1 BS
R1024 K3 B5
R1026 K1 B5

P/O A13 ASSY also shownon <D
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Table 8-4

CHART

COMPONENT
REFERENCE

Display & o
P/O A15 ASSY Refer to Fig. 8-15 ngic Circuitry <&/
Circuit Schematic Board Circuit Schematic Board
Number Location Location Number Location Location
C1316 C4 H2 R1116 F4 Cc2
C1318 C4 H2 R1118 E4 c2
C1601 Cé L1 R1119 L2 c2
c1612 B5 M2 R1132 M4 B3
c1624 A6 M2 R1523 A7 L3
R1526 B7 L3
J100i H7 Ai R1527 C6 L3
J1002 HS B1 R1623 A6 L3
Q1028 H4 B2 TP1512 C5 L2
Q1105 ES D1
Q1121 L4 B2 U1136D J3 D3
Q1124 K4 c2 uU1201 E8 E1
Q1126 F4 Cc2 U1211A K4 E2
U1i2118 F4 E2

R1001 F7 B1 U1211C E4 E2
R1002 H8 B1 uU1211D E4 E2
R1003 H7 B1 U1211E Dé E2
R1012 E6 B2 U1221A K2 E2
R1013 F8 B2 U1221D J3 E2
R1014 F4 B2 U1231C E1 E3
R1031 E6 A3 U1301A H3 F1
R1038 M4 B3 U131 C3 F2
R1102 H8 B1 U1321 L2 F2
R1103 F7 Cc1 U1331D E2 F3
R1104 H7 C1 U1361C J2 FS
R1107 D5 D1 U1361F Dé F5
R1111 E4 B2 U1421A F1 J3
R1112 K4 C2 U1431A F2 J3
R1113 K4 Cc2 U1431B F2 J3
R1114 Ja C2 U1431C H2 J3
R1115 J4é Cc2 U1611 B5 L2
P/O A15 ASSY also shown on @ @ @

A11 ASSY Display & Logic Circuitry 3>
DS1101 M6 D1 U1001 F5 C1
DS1102 M5 D2 U1002 HS Ct

U1101 J5 A1l

P1001 H6 c1 U1102 L5 B1
P1002 H5 Cc1
R1001 F6 A1
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’I Jiz221-22) — . — — — — —
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2 J1221-9 \9 SBUACVYT - s DECODING|
FROM >z ! 13 U1331D _E:::>———————————— ’ U1221A 9 e
| S2-H-2 T @rﬂ.sm 19 U1431R ' lAJ 7404 o
U1156A-12 = * 1 o e s e o T 1 o IR 1/ N
2am i —> 8 10
1 TSt i 13 L U13B1A 1 —
E‘ > Tsz [ 1 7425 5V — orR™ R1325
2 TS3 L 10 1
U1311 03 3 TS+ i S 8 ADC OR = <’>
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Table 8-5

COMPONENT

REFERENCE
CHART

P/O A15 ASSY

Refer to Fig. 8-15

Range Logic @

Circuit Schematic Board Circuit Schematic Board
Number Location Location Number Location Location
C1144 BS Ca U1166C F4 D5
c1211 BS D2 U1166D F5 D5
C1331 B4 F3 U1166E F6 D5
U1166F J7 D5
CR1134 C5 Cc3 U1211F J3 E2
CR1136 C5 Cc3 uUi221B Cc4 E2
CR1251 L8 D5 ut221C cs E2
CR1261 K8 E5 U1221E E1 E2
U1221F K1 E2
R1109 B6 D1 J1231A K5 E3
R1117 B6 C2 U1231B L6 E3
R1137 B5S D3 U1241A K5 E4
R1311 J3 F2 U1241B K4 E4
R1325 B4 F2 U1241C K6 E4
R1404 D2 Ji uU1241D Ké E4
U1251A L7 E5
S2-A E6 A2 uU1251B L5 ES
S2-B E5 A3 U1261A K8 E5
S2-C E5 A3 uU1261B K7 E5
S$2-D E4 A4 u1261C K7 ES
S2-E E3 Ad u1261D K6 E5
S2-F E3 A5 U1301B D7 F1
S2-F E4 A5 U1331A K2 F3
S2-F ES A5 u1331B H2 F3
S2-F E5 A5 U1331C K2 F3
S2-F E6 A5 U1341A L4 F4
S2-F B7 A5 U1341B L2 F4
U1351A K4 F5
U1126A H1 D3 U1351B K4 F5
U1126B H1 D3 U1351C K3 F5
Uu1126C C7 D3 U1351D K2 F5
U1126D C6 D3 U1361A L2 F5
U1136A Cs5 D3 U1361B L4 FS
Ut136B F2 D3 uU1361C L6 F5
U1136C E2 D3 uU1361D L7 FS
Ut146 Dé D4 U1361E L5 F5
U1156A E3 D5 U1401D D2 J1
U1156B E3 D5 U1411A E7 J2
U1156C E4 D5 tJ14118 F7 J2
U1156D E4 DS U1411C H7 J2
U1156E E5 D5 U1421B c2 J3
U1156F E6 D5 u1421C F8 J3
U1166A F3 D5 uU1421D D8 J3
u11668 F4 D5
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Section 9—DM 502A

REPLACEABLE
MECHANICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local
Tektronix, Inc. Field Office or representative.

Changes to Tektronix instruments are sometimes made to
accommodate improved components as they become available,
and to give you the benefit of the latest circuit improvements
developed in our engineering department. It is therefore
important, when ordering parts, to include the following
information in your order: Part number, instrument type or
number, serial number, and modification number if appiicabie.

If a part you have ordered has been replaced with a new or
improved part, your local Tektronix, Inc. Field Office or
representative will contact you concerning any change in part
number.

Change information, if any, is located at the rear of this
manual.

SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number

00X Part removed after this serial number

FIGURE AND INDEX NUMBERS

Iltems in this section are referenced by figure and index
numbers to the illustrations.

INDENTATION SYSTEM

This mechanical parts list is indented to indicate item
relationships. Following is an example of the indentation system
used in the description column.

12345 Name & Description

Assembly and/or Component
Attaching parts for Assembly and/or Component

Detail Part of Assembly and/or Component
Attaching paris for Detail Part

Parts of Detail Part
Attaching parts for Parts of Detail Part

Attaching Parts always appear in the same indentation as
the item it mounts, while the detail parts are indented to the right.
Indented items are part of, and included with, the next higher
indentation. The separation symbol - - - * - - - indicates the end of
attaching parts.

Attaching parts musl be purchased separately, unless otherwise
specified.

ITEM NAME

In the Parts List, an Item Name is separated from the
description by a colon (). Because of space limitations, an Item
Name may sometimes appear as incomplete. For further Item
Name identification, the U.S. Federal Cataloging Handbook H6-1
can be utilized where possible.

ABBREVIATIONS

= INCH ELCTAN  ELECTRON

& NUMBER SIZE ELEC ELECTRICAL

ACTR ACTUATOR ELCTLT ELECTROLYTIC
ADPTR ADAPTER ELEM ELEMENT

ALIGN ALIGNMENT EPL ELECTRICAL PARTS LIST
AL ALUMINUM EQPT EQUIPMENT

ASSEM ASSEMBLED EXT EXTERNAL

ASSY ASSEMBLY FIL FILLISTER HEAD
ATTEN ATTENUATOR FLEX FLEXIBLE

AWG AMERICAN WIRE GAGE FLH FLAT HEAD

BD BOARD FLTR FILTER

BRKT BRACKET FR FRAME or FRONT

BRS BRASS FSTNR FASTENER

BRZ BRONZE FT FOOT

BSHG BUSHING FXD FIXED

CAB CABINET GSKT GASKET

CAP CAPACITOR HDL HANDLE

CER CERAMIC HEX HEXAGON

CHAS CHASSIS HEX HD HEXAGONAL HEAD
CKT CIRCUIT HEX SOC HEXAGONAL SOCKET
COMP COMPOSITION HLCPS HELICAL COMPRESSION
CONN CONNECTOR HLEXT HELICAL EXTENSION
cov COVER HV HIGH VOLTAGE

CPLG COUPLING Ic INTEGRATED CIRCUIT
CRT CATHODE RAY TUBE o] INSIDE DIAMETER
DEG DEGREE IDENT IDENTIFICATION

DWR DRAWER IMPLR IMPELLER

IN INCH SE SINGLE END
INCAND INCANDESCENT SECT SECTION
INSUL INSULATOR SEMICOND SEMICONDUCTOR
INTL INTERNAL SHLD SHIELD
LPHLDR LAMPHOLDER SHLOR SHOULDERED
MACH MACHINE SKT SOCKET

MECH MECHANICAL SL SLIDE

MTG MOUNTING SLFLKG SELF-LOCKING
NIP NIPPLE SLVG SLEEVING

NON WIRE NOT WIRE WOUND SPR SPRING

0BD ORDER BY DESCRIPTION sQ SQUARE

oD OUTSIDE DIAMETER SST STAINLESS STEEL
OVH OVAL HEAD STL STEEL

PH BRZ PHOSPHOR BRONZE sw SWITCH

PL PLAIN or PLATE T TUBE

PLSTC PLASTIC TERM TERMINAL

PN PART NUMBER THD THREAD

PNH PAN HEAD THK THICK

PWH POWER TNSN TENSION

RCPT RECEPTACLE TPG TAPPING

RES RESISTOR TRH TRUSS HEAD
RGD RIGID v VOLTAGE

RLF RELIEF VAR VARIABLE
RTNR RETAINER W/ WITH

SCH SOCKET HEAD WSHR WASHER
SCOPE OSCILLOSCOPE XFMA TRANSFORMER
SCR SCREW . XSTR TRANSISTOR

91



Replaceable Mechanical Parts—DM 502A

CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Mfr. Code Manufacturer Address City, State, Zip

S3013 LEMO SA ELEKTROTECHNIQUE RTE DE LAUSANNE MORGES SWITZERLAND
000BH FAB-TEK 17 SUGAR HALLOW ROAD DANBURY, CT 06810
00779 AMP, 1INC. P O BOX 3608 HARRISBURG, PA 17105
01295 TEXAS INSTRUMENTS, 1INC., SEMICONDUCTOR P O BOX 5012, 13500 N CENTRAL

GROUP EXPRESSWAY DALLAS, TX 75222
22526 BERG ELECTRONICS, INC. YOUK EXPRESSWAY NEW CUMBERLAND, PA 17070
55210 GETTIG ENG. AND MFG. COMPANY PO BOX 85, OFF ROUTE 45 SPRING MILLS, PA 16875
73743 FISCHER SPECIAL MFG. CO. 446 MORGAN ST. CINCINNATT, OH 45206
78189 ILLINOLS TOOL WORKS, INC.

SHAKEPROOF DIVISION ST. CHARLES ROAD ELGIN, IL 60120
80009 TEKTRONIX, 1INC. P 0 BOX 500 BEAVERTON, OR 97077
82647 TEXAS INSTRUMENTS, INC.,

CONTROL PRODUCTS DIV. 34 FOREST ST. ATTLEBORO, MA 02703
A133R5 CENTRAL SCREW CO, 2530 CRESCENT DR, BROADVIEW, IL 60153
86928 SEASTROM MFG. COMPANY, INC. 701 SONORA AVENUE GLENDALE, CA 91201
87308 N. L. INDUSTRIES, INC., SOUTHERN SCREW

DIV, P. 0. BOX 1360 STATESVILLE, NC 28677
93907 CAMCAR SCREW AND MFG. CO. 600 18TH AVE. ROCKFORD, IL 61101
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Replaceable Mechanical Parts—DM 502A

Fig. &
Index  Tektronix Serial/Model No. Mir
No. Part No.  Eff Dscont Qty 12345 Name & Description Code  Mfr Part Number
1-1  337-1399-07 2 SHIELD,ELEC:SIDE 80009 337-1399-07
-2 334-3504-00 1 MARKER, IDENT:DIGITAL MULTIMETER AUTO 80009 334-3504-00
-3 378-2030-02 1 ENS,LED DSPL:RED W/MARKINGS 80009 378-2030-02
-4 366-1512-00 2 PUSH BUTTON:GRAY,0.18 SQ X 0.83 INCH LG 80009 1366-1512-00
-5  366-1512-01 1 PUSH BUTTON:CHARCOAL GY,0.18 SQ X 0.8 80009 366-1512-01
-6 366-1559-05 1 PUSH BUTTON:CHARCOAL GRAY,0.18 SQ X 0.43 80009 366-1559-05
-7 366-1559-00 11 PUSH BUTTON:SIL GY,0.18 SQ X 0.43 80009 366-1559-00
-8  220-0633-00 1 NUT,PLAIN,KNURL:0.25-28 X 0.25 INCH L,BRS 80009 220-0633-00
-9 355-0170-00 1 STUD,SHOULDERED:6-32 X 0.40 INCH LONG 80009 355-0170-00
-10 131-1652-00 1 CONN,RCPT,ELEC:'LEMO' TYPE,IMALE,1 FEMALE $3013 RA0302
———— e - (STANDARD ONLY)
-11 366-1690-00 1 KNOB:LATCH 80009 366-1690-00
-12 105-0719-00 1 LATCH,RETAINING:PLUG-IN 80009 105-0719-00
(ATTACHING PARTS)
-13  213-0113-00 1 SCR,TPG,THD FOR:2-32 X 0.312 INCH,PNH STL 93907 OBD
p—
=14 105-0718-01 1 BAR,LATCH RLSE: 80009 105-0718-01
-15 211-0537-00 1 SCREW,MACHINE:6-32 X 0.375 INCH,TRH STL 83385 OBD
-16 136-0730-00 1 JACK,TIP:BLUE 80009 136-0730-00
(ATTACHING PARTS)
-17 210-0465-00 1 NUT,PLAIN,HEX.:0.25-32 X 0.375 INCH BRS 73743  3095-402
-18 210-0223-00 1 TERMINAL,LUG:0.25 INCH DIA,SE 86928 A313-136
-19  210-0905-00 1 WASHER,FLAT:0.256 ID X 0.438 INCH OD,BRS 83385 0BD
- ==K - - -
-20 136-0498-00 B010100 B020429 1 JACK,TIP:BLACK 80009 136-0498-00
136=-0731-00 B020430 1 JACK,TIP:BLACK 80009 136-0731-00
(ATTACHING PARTS)
-21  210-0465-00 1 NUT,PLAIN,HEX.:0.25-32 X 0.375 INCH BRS 73743  3095-402
-22 210-0223-00 1 TERMINAL,LUG:0.25 INCH DIA,SE 86928 A313-136
-23  210-0905-00 1 WASHER,FLAT:0.256 ID X 0.438 INCH OD,BRS 83385 O0BD
- -em K - -e-
-24 136-0497-00 B0O10100 B020429 1 JACKR,TIP:RED 80009 136-0497-00
136-0732-00 B020430 1 JACK,TIP:RED 80009 136-0732-00
(ATTACHING PARTS)
=25 210-0465-00 1 NUT,PLAIN,HEX.:0.25-32 X 0.375 INCH BRS 73743 3095-402
-26 210-0223-00 1 TERMINAL,LUG:0.25 INCH DIA,SE 86928 A313-136
-27 210-0905-00 1 WASHER,FLAT:0.256 ID X 0.438 INCH OD,BRS 83385 O0BD
--m K - - o=
-28  333-2530-00 1 PANEL,FRONT: 80009 333-2530-00
333-2531-00 1 PANEL,FRONT: 80009 333-2531-00
--------- - (OPTION 2 OKLY)
-29 386-4115-00 1 SUBPANEL,FRONT: 80009 1386-4115-00
(ATTACHING PARTS)
-30 213-0192-00 BO10100 B020429 2 SCR,TPG,THD FOR:6-32 X 0.50 INCH,PNH STL 87308 0BD
213-0789-00 8020430 2 SCREW,TPG,TF:6-32 X 0.375,TAPTITE,PNH 93907 0BD
- - m W = - -
e D 1 CKT BOARD ASSY:DISPLAY(SEE All EPL)
-32 131-1857-00 1 . TERM. SET,PIN:36/0.025 SQ PIN,ON 0.1 CTRS 22526 65500136
=33  131-1934-00 1 . TERM, SET,PIN:1 X 36,0.1 CTR,0.9 L 22526 65539-001
-34 337-2615-00 1 SHIELD,ELEC:CIRCULT BOARD 80009 337-2615-00
(ATTACHING PARTS)
-35 211-0007-00 3  SCREW,MACHINE:4-40 X 0.188 INCH,PNH STL 83385 OBD
-36 210-0004-00 1 WASHER,LOCK:#4 INTL,0.015THK,STL CD PL 78189 1204-00-00-0541C
- e =W = ==
-37 384-1292-00 3 EXTENSION SHAFT:2.417 INCH LONG,PLASTIC 80009 384-1292-00
=38 129-0463-00 3 SPACER,POST:0.188 HEX X 0.937"L,W/4-40 THD 80009 129-0463-00
(ATTACHING PARTS)
-39 211-0116-00 3 SCR,ASSEM WSHR:4-40 X 0,312 TNCH,PNH BRS 83385 0BD
- W = = -
=40 --——= —==m- 1 CKT BOARD ASSY:ANALOG(SEE Al3 EPL)
(ATTACHING PARTS)
-41 211-0116-00 4 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH BRS 83385 0BD
- em W e = -
—— e - . CKT BOARD ASSY INCLUDES:
-42 131-0608-00 2 . TERMINAL,PIN:0.365 L X 0.25 PH,BRZ,GOLD PL 22526 47357
-43  136-0263-04 30 . SOCKET,PIN TERM:FOR 0.025 INCH SQUARE PIN 22526 48059
-44 136-0269-02 1 . SOCKET,PLUG-IN:14 CONTACT,LOW CLEARANCE 01295 C€95140
REV A, JAN 1980



Replaceable Mechanical Parts—DM 502A

Fig. &
Index  Tektronix  Serial/Model No. Mfr
No. Part No.  Eff Dscont Qty 12345 Name & Description Code Mfr Part Number
1-45 344-0154-00 2 . CLIP,ELECTRICAL:FUSE,CKT BD MT 80009 344-0154-00
=46 214-0579-00 3 . TERM,TEST POINT:BRS CD PL 80009 214-0579-00
BT e i— 1 . SWITCH,PUSH:6 BTN,FUNCTION(SEE A13S1 EPL)
---------- 1 . SWITCH,PUSH:5 BTN,FUNCTION(SEE A13S1 EPL)
————— ———— - . (OPTION 2 ONLY)
-48 361-0685-00 4 . SPACER,SWITCH:0.365 INCH LONG 80009 361-0685-00
49 e e 1 . SWITCH,PUSH:1 BTN, INPUT(SEE A13S4 EPL)
=50 ——mmm —m——— 1 SWITCH,PUSH:2 BTN,LOW HI DBS8SEE Al3S3 EPL)
-51 361-0573-00 10 . SPACER,SLEEVE:0, 234 L,BLACKPP 80009 361-0573-00
=52 129-0759-00 2 SPACER,POST:0.53 L,W/4- ao THRU THD 80009 129-0759-00
(ATTACHING PARTS)
-53  211-0121-00 2 SCR,ASSEM WSHR:4-40 X 0.438 INCH,PNH BRS 83385 O0BD
- - - R - - -
-54 129-0759-00 2 SPACER,POST:0,53 L W/4-40 THRU THD 20009 129-0759-00
(ATTACHING PARTS)
-55 211-0116-00 2 SCR,ASSEM WSHR:4-40 X 0.312 INCH,PNH BRS 83385 OBD
- - =k - - -
=56 ————= —meme 1 CKT BOARD ASSY:MAIN(SEE Al5 EPL)
(ATTACHING PARTS)
-57 213-0146-00 2 SCR,TPG,THD FOR:6-20 X 0.313 INCH,PNH STL 83385 OBD
- =k - - -
————— e - . CKT BOARD ASSY INCLUDES:
=58 mmmmm mmmee 1 . TRANSFORMER:(SEE A15T1721 EPL)
=59  cmmem e 1 . SWITCH,PUSH:(SEE A15S2 EPL)
-60 361-0685-00 4 . SPACER,SWITCH:0.365 INCH LONG 80009 361-0685-00
-61 131-0592-00 30 . CONTACT,ELEC:0.885 INCH LONG 22526 47353
-62 136-0631-00 2 . SOCKET,PLUG-IN:9 PIN FEMALE 00779 1-380949-9
-63  131-0608-00 3 . TERMINAL,PIN:0.365 L X 0.25 PH,BRZ,GOLD PL 22526 47357
-64 131-0993-00 1 . BUS,CONDUCTOR:2 WIRE BLACK 00779 530153-2
-65 214-2518=-00 1 . HEAT SINK,XSTR:T0-220 OR T0-202 000BH 106B-B-HT
-66 214-0579-00 3 . TERM,TEST POINT:BRS CD PL 80009 214-0579-00
-67 131-0566-00 1 . LINK,TERM.CONNE:0.086 DIA X 2.375 INCH L 55210 L-2007-1
-68 136-0260-02 5 . SOCKET,PLUG-IN:16 CONTACT,LOW CLEARANCE 82647 C€9316-18
-69 136-0269-02 Il . SOCKET,PLUG-IN:14 CONTACT,LOW CLEARANCE 01295 C€95140
=70  344-0154-00 2 CLIP,ELECTRICAL:FUSE,CKT 8D MT 80009 344-015%-00
-71 426-0724-19 1 FR SECT, PLUG-TN: BOTTOM 80009 426-0724-19
426-0724-04 38010100 8020429 1 FR SECT,PLUG-IN:BOTTOM 80009 426-0724-04
--------- - (OPTION 2 ONLY)
426-0724-19 3020430 1 FR SECT,PLUG-TN:BOTTOM 80009 426-0724-19
__________ - (OPTION 2 ONLY)
-72  386-3657-01 2 SUPPORT,PLUG IN: 93907 O0BD
-73  210-1270-00 2 WASHER,FLAT:0.141 ID X 0.04 THK,AL 80009 210-1270-00
-74  426-1515-00 1 FR SECT,PLUG-IN:TOP 80009 426-1515-00
=75 214-1061-00 1 SPRING,GROUND:FLAT 80009 214-1061-00
198-4199-00 I WIRE SET,ELEC: 80009 198-4199-00
-76 131-0707-00 2 . CONNECTOR,TERM.:22-26 AWG,BRS& CU BE GOLD 22526 47439
-77 352-0161-03 1 . CONN BODY,PL,EL:3 WIRE ORANGE 80009 1352-0161-03

94
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Fig. &

Mir

Index  Tektronix Serial/Model No. o
No. Part No.  Eff Dscont Qty 12345 Name & Description Code  Mfr Part Number
STANDARD ACCESSORIES
-1 070-2693-00 1 MANUAL,TECH:INSTRUCTION 80009 070-2693-00
-2 010-6601-01 1 PROBE,TEMP: 80009 010-6601-01
-3 003-0120-00 1 LEAD,TEST: 80009 003-0120-00

DM 502A
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