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PROPRIETARY NOTICE

This document and the technical data herein disclosed, are proprietary
to Dana Laboratories, Inc., and shall not, without express written
permission of Dana Laboratories, Inc., be used, in whole or in part to
solicit quotations from a competitive source or used for manufacture
by anyone other than Dana Laboratories, Inc. The information herein
has been developed at private expense, and may only be used for
operation and maintenance reference purposes or for purposes of
engineering evaluation and incorporation into technical specifications
and other documents which specify procurement of products from
Dana Laboratories, Inc.



FOR YOUR SAFETY

Before undertaking any maintenance procedure, whether it
be a specific troubleshooting or maintenance procedure
described herein or an exploratory procedure aimed at
determining whether there has been a malfunction, read the
applicable section of this manual and note carefully the
WARNING and CAUTION notices contained therein.

The equipment described in this manual contains voltages
hazardous to human life and safety and which is capable of
inflicting personal injury. The cautionary and warning
notes are included in this manual to alert operator and
maintenance personnel to the electrical hazards and thus
prevent personal injury and damage to equipment.

If this instrument is to be powered from the AC Mains
through an autotransformer (such as a Variac or equivalent)
ensure that the instrument common connector is con-
nected to the ground (earth) connection of the power
mains.

Before operating the unit ensure that the protective con-
ductor (green wire) is connected to the ground (earth)
protective conductor of the power outlet. Do not defeat
the protective feature of the third protective conductor in
the power cord by using a two conductor extension cord or
a three-prong/two-prong adapter.

Maintenance and calibration procedures contained in this
manual sometimes call for operation of the unit with power
applied and protective covers removed. Read the procedures
carefully and heed Warnings to avoid “live” circuit points
to ensure your personal safety.

Before operating this instrument.

1. Ensure that the instrument is configured to
operate on the voltage available at the power
source. See Installation section.

2. Ensure that the proper fuse is in place in the
instrument for the power source on which the
instrument is to be operated.

3. Ensure that all other devices connected to or in
proximity to this instrument are properly grounded
or connected to the protective third-wire earth
ground.
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SECTION 1

GENERAL DESCRIPTION

1.1 INTRODUCTION.

1.1.I  The Model 5100AF Digital Multimeter (figure 1.1)
is a five digit “Delayed Dual Slope” instrument with a
sixth decade providing 100% overrange.  Measure-
ment capability is shown in table 1.1. The basic instrument
is equipped for dc voltage measurements on five ranges, ac
voltage measurements on four ranges and resistance meas-
urements on six ranges. The basic instrument is also
capable of measuring ratio of two DC voltages (3-wire
connection). The instrument is equipped with an Averaging
AC Converter.

1.1.2 Range can be selected manually or automatically
(autorange). In Autorange the proper range for a particular
measurement is selected automatically (full scale is defined
as “100 000 on any range). The instrument “upranges”
at 200,000 counts and “downranges” at 10,000 counts.
Polarity selection is also automatic and is displayed on the
front panel.

1.2 ELECTRICAL DESCRIPTION.

1.2.1  The Dana Model 5100AF Digital Multimeter con-
sists of three parts: the Signal Conditioning section, the
Digital section, and the Analog-to-Digital (A/D) converter.

1.2.2 The signal conditioning section modifies the input
signal before reaching the A/D converter. For dc measure-
ment, the input signal is scaled, if required, to a 2 volt
(200,000 count) signal and filtered if required. For ac or
resistance measurement, the input signal is scaled, if
necessary, and converted to a proportional dc value. The dc
value is filtered, if necessary, and routed to the A/D
converter.

Table 1.1 - Measurement Capability

Function
Range DC
DCV Ohms Ratio ACV
X10
BAY 01:1
v 11
10V 1:1
200V 10:1
1000V 100:1
1K
1K
10 K£2
200 K$2
1 M2
10 MQ2
1.2.3  The A/D converter changes a dc signal fed into it

into a representative digital signal. The method used to
perform this task is called Delayed Dual Slope integration.

SENSE  N/REF
Hl O Q MULTIMETER, DIGITAL
ME-S503/0 ’
1200V\A/250V zANA LA'BOOOH::ORIES
MAX/ \MAX N:::E:S:S-OFOJS-SSSC
CONTRACT: F41608-77-D-0049 ;
O O
CAUTION MAX AC INPUT (Fx V) POWER
i 200V MUST NOT EXCEED 2 x 107 -
MAX ON OFF
1_?_0 Q 708 0 ACV DCV KA RATIO FILTER TEST UP DN AUTO D
“am w0 U U0 O0O00O0OOC

Figure 1.1

- Model 5100AF
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1.2.4  The digital section measures the output of the A/D
converter to produce a numeric value on the instrument
display that represents the value of the input signal. The
digital section also provides range control and decimal
placement.

1.3 SPECIFICATIONS.

1.3.1  Specifications are provided in table 1.2.

Table 1.2 - Specifications

DC VOLTS (5 Ranges)

GENERAL

Maximum Counts: 200,000 (full scale + 100%
overrange)

Display: 5 full decades plus overrange

digit (43 inch (1.1 cm) high
LEDs), polarity annunciator
and automatic decimal point

Read Rate: 5 readings per second
Ranging: Manual and automatic. Up
ranges automatically at
200,000 counts and down
ranges at 10,000 counts
Overrange 200000 flashing on
Indication: display

Full Range Display: | +.100000, +1.00000,
+10.0000, +100.000, and
+1000.00

Resolution: .001% of range on all ranges

Overrange: 100% on all ranges except
1000 range, 10%
+1100V DC maximum input

Accuracy: .1 and 1 range

(25°C £ 2°C) +0.006% of reading

to 50% R.H. for +(+0.005% of range)

Short-Term 10, 100, & 1000 range

Stability, 72 hrs. +0.006% of reading

+(£0.001% of range)

(20°C to 30°C) All ranges

to 70% R.H. for +0.01% of reading

Long-Term + (+0.005% of range)

Stability, 6 mo.

(0°C to 40°C) All ranges

to 100% R.H. for +0.04% of reading

Long-Term +(+0.02% of range)

Stability, 6 mo.

(40°C to 55°C) All Ranges

Relative Humidity +0.04% of reading

to decrease linearily +(+0.02% of range)

from 100% @ 40°C
to 20% @ 55°C for

Maximum Common | 1000V between guard and
Mode Voltage: earth ground
200V between “—” input

Long-Term
Stability, 6 mo.

Input Resistance:

.1, 1,10, & 100 ranges
100 M2

1000 range
10 M2

and guard
Power 115 and 230V + 10%; 50 —
Requirement: 400 Hz; 18 watts maximum
Weight: 3Kg (6.6 1bs.)
Dimensions: Height x Width x Depth

73 x 200 x 250 mm
2.87 x 7.87 x 9.84 inches

Warm up Time: 30 minutes to full accuracy

Normal Mode
Noise Rejection:

Filtered
40 dB (minimum) @
50, 60, 120, 240, 300,
400, & 420 Hz
Unfiltered (3-pole active)
20 dB (minimum) above
50 Hz:

Operating

Temperature: 00C to +55°C

Storage )
Temperature: —400C to +75°C

Warranty: 12 months — repair or replace

malfunctions due to faulty
workmanship or component
failure

1-2

Common Mode
Noise Rejection:
(to 1000V DC)

@ 80% R.H.
120 dB (minimum) from
DC to 60 Hz with 10082
in either lead
90 dB (minimum) from
60 Hz to 420 Hz

@ 80 to 100% R.H.
90 dB (minimum) from
DC to 60 Hz with 100£2
in either lead
60 dB (minimum) from
60 Hz to 420 Hz
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DC VOLTS (5 Ranges) (continued)

AC VOLTS (AVERAGING) (4 Ranges)

Settling Time
(unfiltered) to rated
accuracy with step
input involving:
a. No range or
polarity change
b. Polarity and
no range change
c. Single up/ down
range change

.1 and 1 range
<4 seconds

10, 100, & 1000 range
<500 msec

Settling Time
(filtered) to rated
accuracy:

.1 and I range
<5.5 seconds

10, 100, & 1000 range
2 seconds

DC (3-WIRE) RATIO (5 Ranges)

to decrease linearily
from 100% @ 40°C
to 20% @ 55°C

Full Range Display: { +.100000:1, +1.00000:1,
+10.0000:1, +100.000:1,
+1000:1

‘ Readout is Ratio X10

Overrange: 100% on all ranges except
+1000 volts DC maximum
input (signal)

Accuracy: +0.01% of reading

(20°C to 30°C) +0.005% of range x

to 70% R.H. (Ref Rng + 10V/

Ref Input Voltage)

(09C to 40°C) +0.04% of reading

to 100% R.H. +0.015% of range x
(Ref Rng + 10V/

Ref Input Voltage)

(40°C to 55°C) +0.04% of reading

Relative Humidity +0.015% of range x

(Ref Rng + 10V/
Ref Input Voltage)

Full Range Display: | 1.00000, 10.0000,
100.000, and
1000.00V RMS
Overrange: 100% on all ranges except
1000 range, 1000 AC RMS
volts to 20 kHz. Maximum
input voltage x frequency not
to exceed 2 x 107 volt-hertz
Resolution: 10 4V on the 1 volt range
Accuracy: 50 Hz to 20 kHz (100 uV to
(20°C to 30°C) 500V AC)
to 70% R.H. for +0.1% of reading
Short-Term +(+0.02% of range)
Stability, 30 day 50 Hz to 20 kHz (500V to
1000V AC)
+0.15% of reading
(0°C to 40°C) 50 Hz to 20 kHz (100 uV to
to 100% R.H. for 500V AC)
Long-Term +0.2% of reading
Stability, 6 mo. +(+0.06% of range)
50 Hz to 20 kHz (500V to
1000V AC)
+0.25% of reading
+(+0.06% of range)
(40°C to 55°C) 50 Hz to 20 kHz (100 uV
Relative Humidity to 500V AC)
to decrease linearily +0.2% of reading
from 100% @ 40°C +(+0.06% of range)
to 20% @ 55°C for | 50 Hz to 20 kHz (500V to
Long-Term 1000V AC)
Stability, 6 mo. +0.25% of reading
+(+0.06% of range)

Input Resistance:

2 M&2 in parallel with 100 pF

Voltage Range:

Signal Input — Numerator
0 to £1000V DC
Reference Input —
Denominator
+2V to +10.5V DC

Input Resistance:

Signal Input
Reference Input

.01:1,.1:1,1:1,10:1
100 M2
1MQ
100:1
10 MS2
1 M2

Common Mode
Noise Rejection:

@ 80% R.H.
120 dB (minimum) from
DC to 60 Hz with 100£2
in either lead
90 dB (minimum) from
60 Hz to 420 Hz

@ 80 to 100% R.H.
90 dB (minimum) from
DC to 60 Hz with 10082
in either lead
60 dB (minimum) from
60 Hz to 420 Hz

Normal Mode
Noise Rejection,
Common Mode
Noise Rejection,
& Settling Time:

Same as DC Volts
specifications

Settling Time
(Filtered) to rated
accuracy with step
input involving:

a. No range change
b. Single up or down

range change

All ranges from 50 Hz to
20 kHz

3sec+1.5sec

filter settling time

1-3




980499

Table 1.2 - Specifications continued

RESISTANCE (4-WIRE) (6 Ranges)

RESISTANCE (4-WIRE) (6 Ranges) (continued)

Settling Time
(unfiltered) to rated
accuracy with step
input involving:
a. No range
change
b. Single up or
down range
change

.1,1,10, 100, & 1000
ranges

1 second
10,000 range

5 seconds

Full Range Display: | .100000, 1.00000,
10.0000, 100.000,
1000.00, and
10000.0 K2
Overrange: 100% on all ranges
Fault voltage, without
damage:
30 volts DC or AC
(RMS) all ranges
K2 source equipped
with 20 mA fuse
accessible from front
panel
Resolution: 1 milliohms on the .1 K2
range
Accuracy: All ranges
(20°C to 30°C) +0.06% of reading
to 70% R.H. +(+0.005% of range)
(0°C to 40°C) All ranges
to 100% R H. for +0.2% of reading
Stability, 6 mo. +(+0.02% of range)
(40°C to 55°C) All ranges
Relative Humidity +0.2% of reading
to decrease linearily +(+£0.02% of range)

from 100% @ 40°C

to 20% @ 55°C-for
Stability, 6 mo.
Current Through .1 and 1 K§2 range
Unknown: 1 mA
10 K€ range
100 pA
100 K€2 range
10 pA

1000 K2 range (1 M)
1 uA

10,000 K£2 range (10 M)
100 nA

Open Terminal
Voltage:

<5 volts

14




SECTION 2

INSTALLATION & OPERATION

2.1 GENERAL.

2.1.t  This section covers the visual inspection, installa-
tion and storage of the Model 5100AF.

2.2 UNPACKING AND INSPECTION.

2.2.1 The instrument is enclosed between two molded,
plastic-foam forms and packaged in a double-walled card-
board carton for shipment. The plastic forms hold the
instrument securely in the carton and absorb any reason-
able external shock normally encountered in transit.

2.2.2  Prior to unpacking, examine the exterior of the
shipping carton for any signs of damage. Carefully remove
the instrument from the carton and inspect the exterior of
the instrument for any signs of damage. If damage is found,
notify the carrier immediately.

2.3 POWER CONNECTIONS.

23.1 Power is supplied to the instrument through a
standard 6-foot long detachable power cord. The ground
pin (round) on the power plug is electrically connected to
the power transformer primary winding shield and to the
metal portion of the front panel. It is important that this
pin be connected to a good quality earth ground.

2.3.2  The cord connects to the instrument at power in-
put jack J201 on the rear panel.

233  The power fuse holder is located next to the power
input jack and requires a .25 ampere fuse.

980499

2.34  The instrument is designed to operate at one of
two selectable line voltages; 115 or 230V AC.

WARNING

Removal of covers exposes potentially lethal voltages.
Avoid contact with internal electrical connections
while unit is connected to AC power source.

2.4 STORAGE REQUIREMENTS.

24.1 The instrument can be stored at temperatures
ranging from —40°C to +759C at 80% relative humidity
without damaging the PCB’ or components. The instru-
ment must be brought up to operating range (0°C to
500C) before power is applied.

2.5 RESHIPMENT PACKAGING REQUIRE-
MENTS.

2.5.1  The shipping carton with its molded plastic foam
forms and plastic dust cover is specifically designed to pro-
vide the required support necessary for safe shipment.
Whenever possible, these should be used for reshipment.

2.5.2  If the original packing materials are not available,
proceed as follows:

a.  Wrap instrument in plastic or heavy paper.

b.  Place packing material around all sides of instru-
ment and pack in cardboard box.

c.  Place instrument and inner container in a sturdy

cardboard or wooden box. Mark box with appro-
priate precautionary labels.

2-1







SECTION 3

OPERATION

3.1 GENERAL.

3.1.1  This section presents instructions for operating the
Model 5100AF Digital Multimeter. These instructions con-
sist of preliminary checks and power up procedures
followed by a description of the instruments controls and
indicators.  This is followed by a description of the
operation for each tunction and instructions for connection
of the instrument to the device under test.

3.2 OPERATION.

3.2.1 Before operating the instrument, it is strongly
recommended that the operator read this entire section in
order to avoid damage to the unit. After reading the
operating instructions refer to the Installation Section, para-
graph 2.3.4 and check the position of the line voltage
selector.

CAUTION

This instrument may be damaged if operated on a
line voltage other than that called for by the line
voltage selection jumper.

3.2.2°  Aler ensuring that the line voltage selector is in
the proper position, connect the power cord to the power
outlet and turn it on by depressing the POWER switch so
that it is in the ON position as shown on the front panel.
Allow the instrument to warm up for approximately one
minute. When the instrument is turned on the display
should light. The instrument is now ready for operation.
Refer to the following paragraphs for details of control
operation and measurement connections.

3.3 CONTROLS AND INDICATORS.

3.3.1 Function Select.

3.3.1.1 Four buttons select the functions: ACV, DCV,
K and RATIO. The AC, DC, and K£2 buttons are inter-
locked allowing only one button to be pressed at a time.
Ratio is used in addition to DC for DC Ratio function.

3.3.2 Filter.

3.3.2.1 The filter button is a push on, push off switch
that selects an active filter. The filter provides normal
mode noise attenuation of > 30 dB at 50 Hz.

3.3.3 Range Select.

3.3.3.1 Three buttons are used to control ranging: AUTO,
UP, and DN.

a. AUTO is a push on, push off switch. When
pushed in, the instrument automatically selects the
range most compatible with the input signal, the
instrument up ranges at 100% of range and down
ranges at 10% of range.

b.  UP button is a momentary switch. UP range
occurs one range at a time with each depression of
the button when DMM is in non-auto range
position.

c. DN button is 2 momentary switch. DN range
occurs one range at a time with each depression.
Will also operate in auto range mode if one needs
to go down range between 60% and 20%.
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Table 3.1 - Front Panel Identification

@ @ ®GLWOO

7

@

t \\ /
SENSE N/REF
H l - ‘ i — MULTIMETER, DIGITAL
1200V\A/ 250V _L ' ] ' ' ' ::p;:ozzonromes
MAX / \MAX [ ] ' ' ' :g::::sz?-%‘:‘:;:s-:ssa
— — l : CONTRACT: F41608-77-D-0048
LO
CAUTION MAX AC INPUT (Fx V) POWER
200V MUST NOT EXCEED 2 x 107 P
MAX pC ON OFF
1_?_@ ZERO ACV DCV KO RATIO FILTER TEST UP DN AUTO m
?GUARDZOmA?mmD DDDDBD

> OO

Voltage Input, Ohms Sense Terminals
Ohms Current, Ext Ref Input Terminals
Guard Terminal

DC offset. Allows user to zero front panel
display

AC Volts Function Select Switch, push on

_DC Volts Function Select Switch, push on

Used with for DC Ratio X10

KOHMS Function Select Switch, push on

8

@ ©

®@E ®@6006 6O

OOOOE ©®

RATIO Function Select Switch, push on
Used with (6) for DC Ratio X10

FILTER Select Switch, push on, push off

TEST switch, push on.

UP. Causes instrument to up range. Momentary on

DOWN. Causes instrument to down range.

mentary on

AUTO. Selects range most compatible with input

signal. Push on, push off

POWER Switch. Push on, push off

DISPLAY. Consists of 6 decade readouts “0 — 9

and a + readout
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Table 3.2 - Rear Panel Identification

® ® O

Power Receptacle J201 receives power cable. @ Line Selector Switch S201.

Disassembly Screws (2). Removal of these
screws allows removal of case.

® ©

Power Fuse Holder F201.

©

3.34  Power. 3.5 MEASUREMENT CONNECTIONS.

3.3.4.1 The power switch is a push on, push off switch.
When on, power is applied to all circuits. CAUTION

3.4 DISPLAY.

3.4.1 The Display consists of six numeric LEDs, .43

The maximum AC input voltage is 1000V @ 20 kHz.

inches high, and a polarity LED.
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3.5.1  Forbasic voltage measurements, an ac or dc voltage
measurement connection recommended to minimize the
effects of noise requires a two-conductor shielded cable con-
nected as shown in figure 3.1.

+
SENSE
(e
Ex
(e

GUARD v

Figure 3.1 - Basic Voltage Measurement Connections

+
N

AC

OR

DC

Figure 3.2 - Connections where CM Present

3.5.2 For all voltage measurements, the GUARD lead
and LO lead are connected to the measurcment point
nearest ground potential. Somewhat less shielding is
achieved by placing a jumper between LO and GUARD.
This arrangement is adequate for measuring all but low
voltage (mV) levels and/or in high-noise environments.
When making measurements of low voltage levels in noisy
environments or where common mode signals arc present it
is recommended that the two-wire-shielded type of input
cable be used. This input configuration is shown in fig-
ure 3.2,

The option 80 input cable is especially useful in low signal
high noise applications.

3.5.3  When making “floating” voltage mcasurements
(both measurement points above ground potential), do not
connect GUARD to measurement ground without making
sure that the voltage between GUARD and LO does not
exceed 200 volts.

3.5.4 Ohms Measurement.

3.5.4.1 Ohms measurcment consists of the application of
a fixed value of current through the unknown resistor,
supplied through the HI and LO 2 current terminals. The
resulting voltage drop is measured by the DMM through the
HI and LO SENSE terminals. The current is set for each
range at a level that produces a full scale reading when the
unknown resistor is the same as the range selected (i.e.,a 1
Kohm resistor measured on the 1 Kohm range produces a
full scale reading of 1.00000).

TEFLON CABLE — RG196U

Figure 3.3 - Ohms Measurement Connection
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DC CALIBRATOR

KVD 5100AF
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Figure 3.4 - 3-Wire Ratio X10 Measurement Connections

3.5.4.2 Connecting the instrument to a resistor for ohms
measurement consists of connecting both the HI £ cur-
rent and HI SENSE terminals to one side of the resistor and
both the LO £ current and LO SENSE terminals to the
other side of the resistor. An example is shown in fig-
ure 3.3,

3.56.6 DC Ratio Measurements.

3.5.5.1 A 3-wire DC Ratio X10 capability is configured
when the DCV (82) and Ratio (S5) switches are enabled.
The shorting links between J101 and J103 or J102 and J104
must be removed before signal and external reference
voltages can be connected to the DMM. Ratio ranges of
.01:1 (.1 signal range) to 100:1 (1000 signal range) can be
obtained with signal (numerator) inputs of either polarity.
External refcrence (denominator) inputs of +2 to +10 volts
are used to replace the internal +1V reference in the 3-wire
ratio technique. An external reference voltage of +2 volts
will produce a ratio readout percent of range accuracy five
timesless than that of a +10 volt external reference. This
can cause a greater amount of run-around which may re-
quire the use of the measurement filter (S6) to produce
qualitative ratio data.

A full scale signal input, for example, of +1V and an
external reference input of +5 volts may exceed 200000
counts which will require a manual uprange change to the
10 range or switching to the autorange.

A sound practice is to use the DCV function to measure
the signal and reference voltages to see that they conform
to the limitations of a 3-wire ratio technique before the
actual measurement hookup is made. When the input signal
to be measured is negative, avoid ground loops and
unreferenced power levels to prevent potential shock
hazards and possible damage to associated test equipment.
Floating 3-Wire Ratio X10 measurements should not be
attempted.

An example of a 3-Wire Ratio X10 signal and reference
connections are shown in figure 3.4.

3.5.6 Current Measurement.

3.5.6.1 The Model 5100AF may be used to measure AC

or DC current if used with option 85 current shunts. In

operation the shunt for the desired current range is plugged
into the HI and LO input terminals. The test lead set or in-
put cable is then plugged into the shunt and connected to
the measurement circuit.

3-5







SECTION 4

THEORY OF OPERATION

4.1 INTRODUCTION.

4.1.1  This section describes the operation of the Model
5100AF DMM and includes the basic technique used as well
as a more detailed explanation of the major functional
portions.

4.2 CIRCUIT DESCRIPTION.

4.2.1 A functional block diagram of the instrument is
presented in figure 4.1. The diagram is divided into four
major areas for purposes of discussion; (1) Signal Condi-
tioning, (2) Digitizing, (3) Ranging, and (4) Display. Meas-
urement signals applied to the input terminals are routed to
the appropriate signal conditioning device by the function
controls. Because the isolator amplifier operates with low
voltages, dc measurement signals higher than 2 volts must
be scaled down. This is accomplished by the attenuator.
The attenuator also changes the source current flow on the
ohms ranges. The ac converter contains its own voltage
attenuator for the ac voltage ranges above 2 volts.

4.2.2  The ac converter produces a dc output level pro-
portional to the ac measurement applied to its input. On
the ac ranges this dc signal is applied to the isolator.

42.3 The ohms amplifier provides a constant current
source to the front panel source terminals. The current
flows through the resistance being measured on the Kohms
function and the resultant voltage developed across the
resistance is directly proportional to the resistance value.
The voltage across the resistance is measured and displayed
by the instrument as the value of the resistance in ohms.

4.2.4 The isolator functions as a buffer to prevent
application of “normal-mode” noise or “common-mode”
voltages to the integrator circuit. It also serves to provide a
high input impedance on the low voltage dc ranges of the
instrument. The output of the isolator is applied to the
integrator for conversion to a digital count.

4.2.5 The integrator is a dual-slope conversion device
which charges a capacitor for a fixed time period to a level
which is dependent upon the level of the measurement
signal (see figure 4.3). The capacitor is then discharged at a
fixed rate by switching a reference signal of opposite
polarity onto the input of the integrator. As the capacitor
discharges it crosses the zero volt level and begins to charge
in the opposite direction. A null detector in the integrator
circuit senses this zero-crossing and produces a “null-detect”
signal. The null detect signal is used by the Timing and
Control circuits to stop the measurement counter. Thus,
the count value in the measurement counter is a direct
digital representation of the measurement signal voltage
applied to the instrument.

4.2.6  The Timing and Control circuits provide the inte-
grator and counter with the synchronization required to
perform the analog to digital conversion of the measure-
ment signal. The instrument performs continuous measure-
ment cycles. The measurement cycle is illustrated in fig-
ure 4.2.

4.2.7 Note that the digitize cycle is divided into four
major periods. The first, which is 50 milliseconds long, is
the signal integrate period. During this time the Timing
and Control circuits apply the measurement signal to the
input of the integrator. The integrator, during this period,
charges a capacitor to a level determined by the value of the
measurement signal. During the next period the Timing
and Control circuits apply a reference voltage opposite in
polarity to the measurement signal to this capacitor in
order to discharge it. The capacitor is discharged at a fixed
rate and as the charge on the capacitor reaches zero the
integrator produces a null detect signal which is used by
the Timing and Control circuits to stop the count in the
measurement counter. Thus, the value of the count in the
measurement counter is directly proportional to the value
of the measurement signal. During the signal integrate
period the Timing and Control circuits detect the polarity
of the measurement signal and store this information in a
flip-flop.

4.2.8 The measurement counter is a special integrated
circuit chip which includes the measurement counter, a
latch to store the count, a decoder, and multiplexer. The
measurement count stored in the latch is in BCD code and
must be converted to a 7-line code for application to the
LED display. This is accomplished by the 4-to-7 line de-
coder. The multiplexer, in the measurement counter,
transfers one digit of information at a time from the latch
to the 4-to-7 line decoder. The 7-line code from the
decoder is applied to all of the LED display digits in
parallel. The MUX switching line turns on each LED digit

“as its code appears on the output of the 7-line decoder.

Thus, the LED display devices are actually flashing in
sequence but the display rate is of a frequency that makes
the LEDs appear to be continuously illuminated.

4.2.9 Range control is accomplished either manually
from the front panel or automatically by the internal range
control logic. There are three switches on the front panel
of the instrument labeled UP, DOWN, and AUTO. If the
operator desires to use the auto ranging feature he simply
pushes in the Auto pushbutton (a latching type switch). If
it is desired to use manual range control the Auto range
switch is unlatched and the operator then has control
through use of the UP and DOWN pushbuttons. The range
control logic configures the voltage attenuator to scale
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Figure 4.1 - Functional Block Diagram
down measurement input signals. In addition, it controls operating range of the instrument. The range code from
the attenuator in the AC Converter circuit. The. isolator the range control logic is applied to the decimal decoder
gain is also controlled by the range control logic and is which provides the signals to the LED displays to properly
switched from X1 to X10 gain, depending on the selected locate the decimal point.
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4.3 DETAILED CIRCUIT DESCRIPTION.

4.3.1 The following paragraphs present the detailed
description of the individual functional circuits of the
instrument. The circuit descriptions are arranged in the
order that they appear on the overall block diagram, fig-
ure 4.1.

4.3.2  Note that the schematic diagrams in the Drawing
Section (Section 6) of this manual contain outlines of the
components included in a functional circuit group. These
outlined areas contain the same title of the blocks shown
in diagrams in the Theory Section.

4.3.3 Function Controls.

4108 4.3.3.1 Asimplified block diagram of the function controls
is illustrated in figure 4.4. The function controls consist of
Figure 4.4 - Function Controls
isoLaToRr [ X7
GAIN LOGIC
/—-1 - X10
FUNCTION
SWITCH 1 MAIN PCB
LogIc \ RELAY DR
2 (K1 & K2)
4
UP.DOWN <
COUNTER AC CONV
5 RELAY DR.
N (K1, K2, K3)
6
— —— | N\
UP  DOWN 3
DIGITIZER
UP 7
RANGE / RELAY DR
( FIF RU:NGE 8 o
/ GATE
: UP LIMIT
RANGE
SWITCH _<
LOGIC N RC1
AANGE
R
£2 % Loarc
CODE
DOWN A
N Rance Coma
/F RANGE
GATE
: DOWN LIMIT /
/
10K DECIMAL DR -
10 DECIMAL DR
ONE SHOT B - 7
rerepy— UP RANGE
ONE SHOT B—{ “peraY —/

Figure 4.5 - Function and Range ‘Logic
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front panel pushbuttons labeled AC Volts, Kohms, DC
Volts, and Ratio. Note that there are two sets of input
terminals for applying measurement signals to the input
of the instrument. One set is used to provide the full scale
current for resistance measurements and, also, to provide
the External Reference input voltages for Ratio. The other
set of input terminals is used for measuring dc volts, ac
volts and Kohms. The four function control switches
route the input measurement signal through one of three
paths when making a measurement of either voltage. The
measurement  signal is  routed from the input
terminals to the input of the AC Converter. When making
dc voltage measurements the measurement signal is applied
to the input of the isolator and, in like fashion, the ohms
measurement signal is routed to the input of the ohms cir-
cuits. Although the block diagram shows that the measure-
ment signal is applied to the input of one of these three
circuits, measurement signals are actually routed through
the voltage attenuator circuits for prescaling purposes.
This is discussed in more detail in the following paragraph.

J101 — + IN ACV DCV (K2 with addition of J103)
J102 — — IN ACV DCV (K2 with addition of J104)
J103 — K (with J101) & RATIO (Ext Ref Hi In)
7104 — K& (with J102) & RATIO (Ext Ref Lo In)
J105 — GUARD to be connected to J102 for all
measurements except floating inputs

t

4.3.4 Range Control Logic.

4.3.4.1 The range control logic is illustrated in simplified
form in figure 4.5. The range control circuits control the
gain of the isolator, the attenuation in the AC Converter
and in the voltage circuits. In addition, the range control
circuits provide a range code to the decimal decoder for
positioning of the decimal point on the front panel display.
The heart of the range control circuits is the range counter,
a three state UP/DOWN counter controlled by a pair of
UP/DOWN flip-flops. When the range is to be stepped up
manually the switch closure from S8-B in combination
with the clock applies a pulse to the UP input of the range
counter, thereby increasing the count. Manual down
ranging is accomplished in exactly the same way by a switch
closure from S9-A when the DOWN pushbutton is de-
pressed. In auto range, the same UP or DOWN flip-flops
are set by two signals which come from the counter. If the
counter reaches a count which is greater than 100% of the
measurement count prior to the null detect it produces an
overload (O/L) signal. This signal is applied to the step-up
flip-flop and causes the range counter to step up one count.
If the null detect signal should occur before the counter
reaches the 10% point in its count a signal termed divide by
2K (+2K) is produced indicating that the measurement is
less than 10% of full scale. This divide by 2K signal is
applied to the step-down flip-flop, which causes the range
counter to count down one step. Thus, the manual push-
buttons, or the internal logic, cause the range counter to
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step to the proper range and produce the range codes RC1,
RC2, and RC3. The range code is. applied to the decimal
decoder to locate the decimal point on the front panel dis-
play. In addition the range codes are applied to the read-
only memory, which is configured by internal firmware, to
produce relay control signals which configure the attenuator
relays. The isolator gain is controlled by the range counter,
read-only memory, and by the switch positions of the
function control switches on the front panel.

4.3.5 AC Converter (Averaging).

4.3.5.1 The AC Converter is shown in simplified form in
figure 4.6. As shown on the diagram, it consists of an input
attenuator network, a rectifier amplifier, and an output
filter. The input attenuator network serves to scale down
the input measurement voltage controlled by the range re-
laysK1, K2, and K3. The 1V range attenuation is controlled
by the fixed R/C values of the input circuit and the input
voltage is applied directly to the rectifier amplifier. On the
10, 100, and 1000 ranges, relays K1, K2, and K3 are
respectively energized to provide the proper signal input
attenuation. The ACV Function configures the isolator
for a fixed gain of 1 for all ranges. The rectifier amplifier
consists of a dual FET input stage that feeds an operational
amplifier that drives a Gy, stage and two rectifier feedback
diodes that convert the input measurement signal to a dc
voltage, which is smoothed by an output filter network.

4.3.6 High Voltage Buffer.

4.3.6.1 The high voltage buffer is illustrated in simplified
form in figure 4.7. This circuit protects the isolator from
high measurement voltages, presents a high impedance to
the measurement circuit to prevent circuit loading and
isolates the K£2 source terminal from the attenuator
reference bridge on all K€2 ranges.

In operation the two transistors (diode connected) Q1 and
Q2 serve as an input clamp to prevent application of
excessive voltage to the high impedance buffer Q4. The
high impedance buffer is a dual FET device configured
with the amplifier AR1 to form a unity gain amplifier of
extremely high impedance.

The output of the AR1 is routed through the 1000 K2
resistor to the attenuator and from the attenuator to the
isolator.

In the Kohms function, the output of the AR1 is routed to
the reference common line (refer to figure 5.16, K&2
Single Thread Diagram, upper right quadrant). The output
of the high voltage buffer AR1 raises the reference common
voltage as current is drawn from the ohms source terminal
so that the current flow is constant through the resistance
being measured Rx.



980499

AC
1 IN

D4

ANALOG GND

—AAA FILTER —> 11

OVER-
VOLTAGE
PROTECTION

—ouT
l OUT 410

RD6
e AC RANGE RELAYS
FD5 RNG K1 K2 K3 ISO GAIN
5 (R100)
—_— 1 X1
6 RD4
(R1000) 10 X1
100 X1
1000 X1
ENERGIZED
Figure 4.6 - Averaging AC Converter
4.3.7 Attenuator.
+300V DC
HV IN ) l 4.3.7.1 This circuit is shown in simplified form in fig-
10K PLUS HY ure 4.8. The attenuator performs the following functions;
o r—9— REGULATOR 1) attenuation of input measurement voltages on the 10,
100, and 1000 volt dc ranges, 2) scales down the ohms cur-
510K rent source when the instrument is on the Kohms ranges,
N TO K1 and 3) the attenuator contains a series resistance string
- - ATTENUATOR . . .
Qﬁ A RELAY with pick-off points selected by range relays. The
at + ; attenuator, in the 10 and 100 DCV ranges, divide the HV
SHY OUT Buffer output by 10:1 and 100:1, respectively, to provide

MINUS HV
REGULATOR

—300v DC

Figure 4.7 - High Voltage Buffer

full scale inputs to the isolator of +1V DC. The attenuator,
for the 1000 range, is preceded by a 9 M£Q2 resistor on the
main PCB to provide a 1000:1 reduction in voltage from
the measurement input to the isolator input.

When configured in the K2 ranges, the attenuator uses the
resistor elements in series with the K£2 reference generator

4.7
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Figure 4.8 - Attenuator

voltage (+10V DC) to provide the required full scale cur-
rents at the KS2 source input terminal, J103. The 9 MQ2
main PCB resistor is configured with the attenuator and
HV Buffer in the 1000 K and 10,000 KS2 ranges.

4.3.8 Isolator.

4.3.8.1 The isolator, shown in figure 4.9, consists of an
input clamp, an isolator amplifier, a bootstrap amplifier,
and a gain switching network. The various prescaled and
processed input measurement voltages are applied to the
input of the isolator which is clamped to prevent application
of more than +5V to the input of the isolator amplifier.
The isolator amplifier is an operational amplifier with a
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gain of 1 or a gain of 10, depending upon the control sig-
nals applied to the gain switches by the range control logic
of the instrument. The isolator accepts either positive or
negative voltage levels at its input on one of two ranges;
1) zero to .1999 volts or 2) zero to 1.99 volts. Because of
the gain switching, controlled by the range control logic,
the output of the isolator is always zero to 1.999 volts dc.
Note that the negative and positive supply voitage for the
isolator amplifier is supplied by the bootstrap amplifier.
These voltage sources are labeled + bootstrap voltage
(+ BSV) and — bootstrap voltage (— BSV). The purpose of
the bootstrap amplifier is to provide the isolator amplifier
with a supply voltage which is always centered about the in-

* put measurement signal to the isolator amplifier. The +BSV

voltage is always 5 volts higher than the input signal and
the — BSV is always 5 volts lower than the input signal
voltage. Thus, the isolator amplifier is always supplied
with source voltages centered around the input signal.
This combination provides high input impedance to avoid
loading the circuit under test. The current sink AMP cir-
cuit, at the output of the isolator, provides a voltage, i.e.,
current, equal and opposite to the isolator output. This
effectively raises the input impedance of the signal *“low”
input terminal by cancelling the effects of signal current
errors from the measurement input to the integrator.

4.3.9 Reference Generator.

4.3.9.1 The reference generator produces the accurate
one-volt to the digitizer circuits for measurement of AC
and DC voltages. It also furnishes a 10 volt reference
voltage to ohms reference circuit for use in the ohms
measurement functions. The reference generator is
shown in simplified schematic form in figure 4.10 and in
complete schematic form on sheet 2 of drawing num-
ber 432104, page 6-15.

The circuit consists of a resistance bridge, an operational

amplifier, transistor Q10, and reference zener CRI10.

In operation the zener presents approximately 6.3 volts at
the — input of AR4 maintaining a stable 10 volt DC output
at Q10. The resistor network around CR10 consisting of
resistors R39, R40, R41, R42, R45, R46, R50, and R51 is
designed to operate the reference zener at a current which
produces the highest voltage stability over a wide tem-
perature range. These resistors are factory-selected-value
(FSV) resistors and the schematic shows only nominal
values. In addition some of the resistors may not be
installed in some instruments.

The resistance bridge contains two potentiometers for ad-
justing the one volt and 10 volt output voltages.
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X a2 4.3.10 K Reference Generator and Overvoltage
+1V REF Protection Circuit.
TO
DIGITIZER 4.3.10.1 The K2 reference generator provides a stahle
REF com 10 volt reference voltage for application to the ohms source
terminal via the attenuator circuit. The circuit is shown in

Figure 4.10 - Reference Generator

simplified form in figure 4.11 and schematically on sheet 2
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Figure 4.12 - Digitizer

of drawing 432104, page 6-15. The circuit consists of an.

operational amplifier, a five-volt zener diode, driver transistor
Q4 and protection diode, CR3. When supply voltages are
applied to the circuit the overvoltage circuit rises to +10
volts. At this point the op-amp AR1 biases Q4 so that the
collector remains at 10 volts. As current is drawn during a
resistance measurement, the op-amp adjusts the bias so the
output of Q4 remains at 10 volts under load. Thus the
ohms reference voltage is held stable and the reference cir-
cuit is isolated from the ohms load. The overvoltage pro-
tection circuit is included to protect the instrument from
accidental application of voltage while set for K€2 function.

4.3.11 Open Input Terminal Clamp.

4.3.11.1 When there is no connection to the input
terminals on the KS2 function the +10 volt reference line
and reference common would tend to soar to the level of
the power sources. To limit the drift Q9 and Q6 are
biased to turn on and clamp these lines. This keeps the
voltage on the test leads at a safe level and protects the
components in a circuit under test.

4.3.12 Digitizer. .

4.3.12.1  'The digitizer is the circuit which performs the
analog-to-digital conversion of the measurement signal and
is illustrated in figure 4.12. The digitizer uses the dual
slope integration technique to perform the analog-to-digital
conversion. Refer to figure 4.2 for the cycle timing relation-
ships that relate to the dual slope integration. Refer to fig-
ure 4.13, page 4-11, for the reference and measurement input
switching. Note that the switches are coded with cross-
hatch shading. This illustrates the switch closure timing as
shown in the timing chart at the right of figure 4.13. For
example, U3A and U3B close to apply the +1 Volt
reference voltage across the Reference Capacitor during the
reset (RST) portion of the measurement cycle. During the
reset portion of the measurement cycle the two reset
switches close placing the offset capacitor across the output
of the null detector amplifier. This charges the offset
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capacitor to a level equal to any offset voltage that appears
at the output of the null detector amplifier. At the begin-
ning of the signal integrate portion of the measurement
cycle the reset switches (figure 4.13) open and the signal
switch closes, thus placing the offset capacitor in series
with the measurement signal from the isolator at the input
of the integrator amplifier. Thus a positive or negative off-
set voltage is added to or subtracted from the signal being
measured. The output of the integrator amplifier charges
the slope capacitor for a fixed period of time (50 milli-
seconds). The charge placed on the capacitor is dependent
on the magnitude or level of the measurement signal from
the isolator. Refer to figure 4.2, note that there are two
slopes shown representing the capacitor charging slope;
these represent two measurement levels. Note that the time
is the same for the charge for both measurements but that
the charging rate and the final charge level is different. From
this it can be seen that the signal integrate period is always

the same length but the charging rate and level of the
capacitor varies with the measurement signal. At the end of
the signal integrate period the feed forward switch adds a
small amount of charge to the capacitor to make up for a
slight delay which is incorporated to allow similar lines and
circuits to settle out between the reference integrate and
signal integrate portions of the measurement cycle. This
causes the slope capacitor charge voltage to increase
slightly. At the beginning of the reference integrate period
of the measurement cycle the signal switch opens and either
the — reference switch or the + reference switch closes to
apply a reference voltage to the input of the integrator
amplifier opposite in polarity to the voltage of the measure-
ment signal previously applied. This reference voltage is
applied to the integrator amplifier and causes the slope
capacitor to discharge at a fixed rate. When the slope
capacitor reaches the zero level the null detector amplifier
produces a null detect pulse. Note that in figure 4.2 that
for both measurements the rate of discharge was the same,
e.g., the slope is the same angle. Also note that for different
measurement signals input the zero crossing occurs at a
different point in time. Thus, it can be seen that the time
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periods of the reference integrate portion of the measure-
ment cycle is proportional to the value of the measurement
signal. The output of the null detector is used by the
Timing and Control circuits to stop the measurement
counter. On figure 4.2 the Qg1 and Qg7 signals shown are
timing signals generated by the measurement counter chip
and used by the Timing and Control circuits for circuit
synchronization and generation of control signals.

4.3.12.2 INTEGRATOR INPUT SWITCHING.

4.3.12.2.1 The A-to-D process called integration requires
that the measurement signal from the isolator output, which
has been conditioned (filtered, amplified, or attenuated),
to be applied to the input of the integrator, whose R/C
components allow the output to charge at a linear rate for
50 msec, called signal integration. The process now dis-
connects the measurement signal and applies a stable refer-
ence voltage opposite in polarity (of the measurement
signal) to return the integrator output back to a zero voltage,
to be sensed by the null detector as “zero crossing,” called
reference integration. The reference integration period is
approximately 50 usec for zero input signal, 50 ms for full
scale signals (100,000 counts) and 100 msec for full scale +
100% overrange signals (199,999 counts). A period of 50
msec follows the reference integration period called “reset.”
During the Reset period, the +1V Reference Voltage from
the Reference Generator is applied to a 10 uF/50V
capacitor (C1) by COS/MOS bilateral switches to store the
Ref +1V until use during the reference integration period.
The drive signal for this sequence is called CPD or inverted
Reset from the Timing and Control circuitry on the main
PCB.

At the start of the Reference integration period, the Voltage
stored on Cl must be applied to the integrator. If the
measurement signal were plus, a —1 volt Reference must be
used to complete the integration sequence. This is
accomplished by use of COS/MOS bilateral switch con-
figurations that reference C1 “+” to (Mecca) ground and con-
nect C1 “~” to the integrator input. The drive signal re-
quired during the reference integrate sequence is “—” RD
from the Timing and Control logic circuits on the main
PCB, which was established by the polarity detection cir-
cuits during the start of signal integration.

Measuring a negative signal requires that a positive reference
voltage be configured during reference integration by a drive
signal called “+” RD.

The capacitor is used to store a voltage potential at Reset
to be used, either positively or negatively, during the fol-
lowing reference integrate period. The “‘store” to “use”
period, signal integrate, is 50 msec which, because of the
high COS/MOS “OFF” resistance, does not “load” and/or
derate the voltage on the capacitor. Following the reference
integrate period is Reset which will again ‘“charges” or
“refills” the capacitor should any de-rating of the reference
+1V occur.
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The measurement signal, from the isolator output, is coupled
to the integrator input through a configuration of COS/
MOS bilateral switches and a measurement capacitor, C2.
During the reset period, before signal integrate, the input to
the integrator and C2 “—"" are connected to (Mecca) ground
while C2 “+” is connected to isolator “low” which removes
any residual charge on the measurement cap. At the start
of signal integration, C2 “—” is released from {Mecca)
ground; C2 “+” is released from isolator output low and
switched to isolator output high that places a measurement
voltage on the integrator input to start a positive or negative
output slope for the next 50 msec.

4.3.12.3 BUFFER AMPLIFIER.

4.3.12.3.1 The maximum measurement signal that can be
resolved is +2 volts while the reference voltage is +1 volt.
For the integrator to perform properly, a higher voltage is
required by the integrator circuit to produce a slope with
more velocity to prevent false triggering (at low level sig-
nals) and provide a2 more defined reference slope to detect
zero or null. An amplifier with a gain factor of 5 is used to
interface the input switching circuits and the actual inte-
gration amplifier circuit. With the gain as a constant, it
applies to both the measurement signal for the signal inte-
grate period and for the reference voltage during the refer-
ence integration sequence. It consists of a discrete dual
FET input stage with a constant current generator, an
operational amplifier, and the resistor values to achieve the
required gain (x5).

4.3.13 Timing & Control Circuit.

4.3.13.1  Operation of the S5100AF is controlled by the
Timing and Control circuits (figure 4.14, block diagram).
These circuits provide synchronization and control signals
which control the sequence of operation referred to as the
measurement cycle. Figure 4.2 illustrates the measure-
ment cycle timing. Note that the timing waveforms in the
upper portion of the figure illustrate timing and polarities
for a positive measurement signal while the lower portion
illustrates the negative input example.

The differences between the upper and lower portions of
the figure are the polarity of the input signal, the integrator
slope and polarity, the timing of signal switch, reference
switch and reset switch. The following description of the
operation of the timing and control circuits refers to the
simplified block diagram (figure 4.14) and the timing chart
(figure 4.2).

Four timing events are established by the CMOS chip, 3814
counter, U10 on the main PCB. Since the 3814 counter
only has the capability of resolving a 4-1/2 display an addi-
tional counter is used between the clock circuit and the
3814 counter to provide the least significant digit (1SD)
for a total of 5-1/2 full digits on the readout PCB. An
internal clock frequency of 2 MHz drives the LSD counter,
whose output of 200 kHz is fed to the 3814 counter. The
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3814’s 1/2 digit counter has two outputs, Qe] and Qg2, Qe1 = 0,Qe2 =1
that establish four timing events of 50 msec each that will 50 msec, counts from 200,000 to 299,999
be used to convert (digitize) an analog expression into its called reset (FIXED)

digital equivalent. The timing sequences are as follows:

Qet = 1,Qe2 =1
50 msec, counts from 300,000 to 399,999
called Signal Integrate

Qe1 = 0,Qe2 =0
50 msec, counts from 000,000 to 099,999
called Reference Integrate. This count total is
referred to as full scale

Qe1 = 1,Qe2 =0
50 msec, counts from 100,000 to 199,999
also called Reference Integrate. This count

total is referred to as full scale plus 100% over-
range

In the following example a +1.0V DC input signal is applied
to the isolator amplifier input. The isolator, at a gain of 1,
has an output of +1.0V DC. When the signal integrate
period is detected, this +1.0V DC is coupled to the Buffer/
Integrator by the configuration of the bilateral switches and
measurement cap of the input switching circuit resulting in
a negative going slope at the integrator output of approxi-
mately —5.0V at the end of the 50 msec period. The null
detector senses the negative slope voltage and causes its
output to go to a positive TTL level to be applied to U16-2,
the D input of the polarity F/F. This causes U16-5, the Q
output to be logic high, which when applied to the D input
of the Polarity Drive F/F, U16-12, causes the Q output,
U16-8 to be logic low to annunciate the “plus” symbol on
the readout.
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At the start of the signal integrate period, the outputs of
U13-6 and U6-12, Signal Integrate, go logic low. The low
level of U6-12 is applied to the “clear” inputs, pin 1 and 13
of U15, that cause the Q outputs, pin 6 and 8, to go logic
high to be applied to Ul4, pins | and 2 respectively. Signal
Integrate at a logic low causes the output of U13-11, Reset,
to go logic high, which is also applied to Ul4 at pin 13,
which results in the output Ul4-12 to be logic low called
“internal reset” or auto zero (AZ). The counter control
F/F Q output of U9-6 goes logic high at the start of refer-
ence integration, arming the input to the gate at U8-5. When
the null detector senses zero, “internal reset” will go logic
high at U8-4, causing a falling edge at U8-6 to trigger one-
shot A to transfer the BCD count in the LSD counter, U3,
into the LSD latch, U7. The Q output of one-shot A,
U11-4, triggers one-shot B, causing a negative pulse (40 usec)
at Ul0-2, Transfer for the 3814, which stores the BCD
count in the 4-1/2 decade counters into the latches to be
multiplexed and decoded for the seven-segment display
LED:s.

The internal reset (AZ) that goes low at the beginning of
signal integration, is inverted twice through U5 and U18,
called AZC, and used in the integrator to disable U3C and
U3D bilateral switches from a reset state called “Auto
Zero.”

The Signal Integrate output from Ul3-6 is inverted at
U13-3 and applied to U19-12 where the output at pin 11 is
inverted, designated SIF on the digitizer PCB, after three
inversions through U4 to become the IND drive signal for
U1D. The SIF on the main PCB at U19-11 is inverted
through U18-2 to drive bilateral switch UIA which, with
bilateral switch U1D couple the isolator output voltage to
the buffer/integrator during the signal integrate period.
Pin 13 of U19 on the main PCB, labeled FQ, is an inactive
control line from S4 (disabled) always at a logic high; thus,
in effect, making U19 from pin 12 to 11 an inverter with a
positive input.

During signal integration U17-12, internal reset, (AZ) is
logic low and U17-11, signal integrate, is logic high causing
the output, U17-13 to be logic low. At the beginning of
signal integration, it was established that the polarity was
positive as a result of the logic high at the polarity F/F,
U16-5, coupled to U19-9 to enable the NAND gate input.
The logic high at the output of U19-8 is inverted through
U18 and becomes logic low at pin 6.

All functions of signal integration have now been accom-
plished. The measurement signal from the isolator output
has been coupled to the buffer/integrator input. The
integrator has been released from Auto Zero by the
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switches and the output is moving at a negative slope and
polarity has been sensed and annunciated.

At the end of signal integration, the CMOS counter is reset
to zero. The output of Ul9-11 goes to logic high and
U18-2 goes logic low disconnecting the measurement signal
from the buffer/integrator input. Signal integrate at U17-11
goes logic low, causing the output at {J17-13 to go logic
high enabling U19-10. The low output of U19-8 is inverted
to a logic high, designated — RD, to drive the logic switching
circuitry on the digitizer PCB to configure the reference
capacitor using U2A and U2D bilateral switches to apply a
—1V to the buffer/integrator input. The CMOS counter
will reset to zero again after the first 10 counts (100
counts for the LSD counter) or approximately 50 pusec.
This is used to “mask” the switching transients during the
transition from signal integrate to reference integrate, which
is known as “delayed dual slope.” The susceptibility to
false triggering during signal to reference integration is
much greater with signal inputs at or near zero. The feed
forward (+ and —) circuit in the integrator compensates for
the delay caused by the CMOS counter 10 count reset as
the integrator output ramps back toward zero; hence, null
detect.

When zero is detected by the null detector for the +1V
signal, the output is a negative going pulse of 1.6 msec
duration. When applied through U6 inverter to the clock
input of the + ND F/F, U15-3, the Q output at pin 6 goes
logic low. This causes the internal reset (AZ) line at U14-12
to go high which disconnects the —1V reference voltage
from the buffer/integrator input, configures the integrator
to the condition called “Auto Zero,” and triggers the one-
shots (A and B) to transfer the BCD value of the LSD and
CMOS counters into their respective latches to be coded
(seven segment), multiplexed, and displayed.

The digitizing sequences used thus far, signal and reference
integrate (full scale), have only taken 100 msec. The re-
maining sequences, reference integrate (overrange) and
“fixed” reset, will account for the other 100 msec. The
overrange reference integrate sequence will be an internal
reset time as null detect has taken place. When the
“fixed” reset period is initiated, caused by a logic low at
the output of Ul3-11, Reset is inverted on the digitizer
PCB, labeled “CPD,” and drives the bilateral switches U3 A
and B to “refill” the Reference Capacitor from the +1V
output of the Reference Generator.

If a null detect is sensed, during reference integrate,
sequence state 2, before 10,000 counts (10% of range) and
the DMM is not on the lowest range (in auto range) a “Down
Range” is commanded.



980499

Table 4.1 - Sequence Chart

+ Signal = 1.0000V DC, 1 Range

Qe1 = High, Qe2 = High (1) SIGINT goes low
(2) +N.D.F/F (U15) Q goes high
(3) —N.D.F/F (U15) Q goes high
(4) TRESET goes high
(5) INTERNAL RESET goes low (caused by 2, 3, 4)
(6) ONE-SHOTS (Armed for digitizing sequence)
(7) RESET SW goes low (releases sw’s from Auto Zero)
(8) SIG SW goes high (connects iso out to integrator in)
(9) NULL DETECTOR OUTPUT goes high (to detect polarity)
(10) POL F/F Q OUTPUT goes high (to enable — ref sw @ ref mt)
and (set pol dr F/F Q output low)

Qe1 = Low, Qe2 = Low (1) SIG INT goes high
(2) SIG SW goes low (disconnects iso out from integrator in)
(3) — REF SW goes high (connects —1V ref to integrator in)

Qe1 = High, Qg2 = Low (1) NUILL DETECTOR OUTPUT goes low pulse (zero detect)
(2) +ND.F/F (U15) Q goes low (causes internal reset to go high)
(3) INTERNAL RESET goes high (causes one-shots to go low pulse)
(4) ONE-SHOTS pulse low (signals LSD & CMOS counter to stop count)
(5) - REF SW goes low (disconnects —1V ref from integrator in)
(6) RESET SW goes high (closes reset switches — Auto Zero)

Qe1 = Low, Qe2 = High (1) RESET SW is high (Auto Zero)
(2) RESET goes low (CPD refills ref cap)

If a null detect is not sensed before 199,999 counts is
accumulated in the LSD and CMOS counter, an “‘overload”
is annunciated on the readout by a flashing 200000 at the
read rate for a manual range or highest range per function.
If the DMM is in auto range and overload is sensed, the
range counter, U20, is advanced one range. This is a result
of the Qg2 output of the CMOS 3814 counter, which is
latched as an output called Qe2L or O/L. When null detect
has not been sensed when the 4th sequence (fixed reset) is
entered, the QgL (O/L) output of U10-9 goes logic high to
detect “overload” or “uprange.”

If the input signal to the DMM is of negative polarity, the
null detector output is applied to U16-2 of the polarity de-
tect F/F, which is a logic low during signal integration.
This causes the polarity F/F Q output at pin 5 to be applied
to the D input of the Polarity Drive F/F, Ul6-12, to cause
the Q output at pin 9 to go logic low and annunciate the
minus polarity symbol on the display. The Q output of the
polarity detect F/F, U16-6, goes logic high and enables the

circuitry for the + RD (plus reference drive) when the

~ reference integrate sequence is started. This causes the bi-

lateral switches, U2 B and C, on the digitizer PCB to con-
figure the charge on the reference cap so that a +1V is
applied to the buffer/integrator input.

The null detector output, for a negative input signal, goes
logic high at the end of reference integrate (zero detect)
and is applied to the “clock” input of the — ND F/F,
U15-11, and causes the Q output at pin 8 to go logic low
at null detect to terminate the LSD and CMOS count.

In addition to the illustrations, a sequence chart is presented
in table 4.1. This chart is a synopsis of the sequence of
operation of the timing and control circuits for one meas-
urement cycle. Its basic purpose is for reference after
reading the detailed description presented in the following
paragraphs. It will also serve as a handy reference to use
while reading the detailed description.
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43.14 Large Scale Integration Logic Array
(Counter).

4.3.14.1  The heart of the instrument is the 3814 Digital
Voltmeter logic array, shown on figure 4.1 as the counter,
latch, 4-line decoder, and multiplexer. A more detailed
illustration of this device is shown in figure 4.15. It con-
tains four full decade counters, two overflow latches, an
underrange output, an overrange output, outputs to drive
a BCD to seven segment converter, and decoded outputs to
strobe the display. The 3814 counts four full digits and the
overrange digit. The output of the LSD decade counter is
200 kHz which drives the CP input to the 3814 chip. The
decade counters change state on the rising edge of the clock
pulse.

4.3.14.2 A MUX oscillator is used to drive the step input
to the 3814. The frequency of the output at Ul-4 is S00 Hz
+10%. The step input clocks a ring counter that drives the
multiplexer.

4.3.14.3  The 1 output of the fourth decade counter in the
3814 is buffered and used as a divide-by-two thousand
(+2,000) output. This output is used to indicate a signal
that is less than 10% of full scale. If the transfer pulse is
enabled before the divide-by-2,000 output goes high the
output will signal the auto range circuitry that a down
range change must be made.

4.3.144 The QO and Q! flip-flop outputs of the 5th
counter are designated as Qg1 and Qg2 outputs. These out-
puts step the DMM through the various periods of the inte-
gration process. The signal codes are:

Qe1 Qe2

1 1 50 ms — Signal integration — decade counts
from 300,000 to 399,999

0 0 50 ms — Reference integration — decade
counts from 000,000 to 099,999 (F/S)

1 0 50 ms — Reference integration — decade
counts from 100,000 to 199,999 (F/S +100%)

0 1 50 ms — Reset — decade counts from
200,000 to 299,999

4.3.14.5 The Qg2 output is latched and used as the Qe2L
output. If a DMM has a full scale + 100% count of 199,999
using the 3814, the high state of QgL is used to indicate an
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overrange condition. The QgL output causes the display
to read 200,000 at a flashing rate.

4.3.14.6  The edge sensitive transfer input causes the BCD
data in the counters to be stored in the latches on the
falling edge. Synchronization with the clock is necessary
to prevent loading and storing erroneous counter states at a
“carry” is trickling through the counters. A transfer com-
mand is accepted once during an integration cycle. An
internal flip-flop is reset by the counter transition from
399,999 to 000,000. It is set when a transfer occurs and
remains set until the next integration sequence. No
transfers will be accepted when this flip-flop is set.

4.3.14,7 The clock pulse is constantly adding counts to
the counter. As previously mentioned the states of Qe and
Qe2 control the state of events that take place during an
integration sequence.

4.3.14.8 Qe1 =1 and Qe2 = 1. The counter advances
from 300,000 to 399,999. This is the signal integration
period. At this time the DMM input signal which has been
attenuated, amplified, converted, and/or filtered and con-
nected to the integrator input through a bilateral switch
and measurement cap. The feed forward circuit of the
integrator adds 10 digits of voltage to the integrator output
to mask the switching transients that occur during the
transitions from signal integrate to reference integrate.

4.3.149 Qe = 0and Qg2 = 0. During this period the sig-
nal switch is turned off and a reference (plus or minus) is
connected to the input of the integrator through bilateral
switches and reference cap. The decade counter is set to
000,000 and the 3814 will ignore the next 10 counts.
Because of the 3814, the first 10 counts are ignored. This
period allows for masking the noise at the time when the
signal integration is switched to the reference integration to
prevent false zero detection at or near zero analog input
signals. The count is started from 000,000 until the null
detector crosses zero and signals the end of the reference
integration period. Zero detect signals the transfer input to
store the BCD count of the decade counters into the
latches. = If the transfer occurs before the +2000 output
goes true, the signalis less than 10% of full scale and a down
range is commanded if the DMM is in auto range.

4.3.14.10 Qei=1and Qe2=0. This reference integration
period is from 100,000 to 199,999 which is the F/S + 100%
capability of the DMM.

© 4.3.14.11 Qe1 = 0 and Qg2 = 1. This is the reset period

when the analog and reference inputs to the integrator are re-
moved and bilateral switches short the integrator input to
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the output in a configuration called auto zero. The count
of this period is from 200,000 to 299,999. If the Qe2L
output goes true before zero detect signals a transfer, an
uprange is commanded if the DMM is in auto range and/or
overload is detected and the display indicates overrange.

4.3.14.12 The step input from the MUX oscillator output
presents the multiplexed BCD outputs capable of driving a
single decoder/driver, such as a SN7447. The decoded out-
puts Oy to Og drive transistor circuitry that strobes the
anodes of the display devices one at a time.

4.3.15 4-to-7 Line Decoder.

4.3.15.1 The 4-to-7line decoder is shown on figure 4.16.
This device is simply a matrix decoder that converts BCD
code to 7-line code for display purposes. It’s driven by the
BCD code from the 3814 counter chip and its 7-line output
is tied in parallel to all of the display LEDs.

SEGMENT
3
8CD a
1 — —— b
FROM | 2 — —— ¢ TO
3814 DISPLAY
4 — | 4 p LEDS
1705
8 — pem @
— 1
—
/

Figure 4.16 - 4-to-7 Line Decoder
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4.3.16 BCD to Decimal Decoder.

43.16.1 The BCD to Decimal converter shown in fig-
ure 4.17 uses the range information from the range circuits
to control the position of the decimal point on the display.
This device is simply a 3-line to 7-line converter. The range
code input determines which decimal point is lit.

E(1)——————-—-—4 Act 18 ° R TO LED 7-6 —E(1)6
E(1)————3 RC2 141 vz ? WS TO LED 6-6
E(1)——2 RC3 3 6 R4 TO LED 5-6
5_R3 TO LED 4-6 '—51)5
4Rz TO LED 3-6
7445 3 AT TO LED 2-6

Figure 4.17 - BCD to Decimal Decoder

4.3.17 LED Display.

4.3.17.1 A functional diagram of the display circuit is
shown on figure 4.18. The display consists of six 7-bar
LED display devices and the polarity display device. The
output of the 7-segment decoder is tied in parallel to the
inputs of the five 7-line display devices. When the digit
code and 7-bar form is on the line for the low order digit
display device the multiplexer in the counter chip will
energize the enable line A and the device will display the
numeric value on the 7-line bus at that time.
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MINUS

PLUS

FROM
DECIMALY
DECODER

FROM
4-TO-7
LINE
DECODER

\

FROM LSD
4-t0-7 LINE
DECODER

Figure 4.18 - LED Display
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SECTION 5

~ MAINTENANCE

5.1 INTRODUCTION.

5.1.1  This section contains information necessary to
check the calibration of the Model 5100AF, perform cali-
bration adjustments and to troubleshoot the instrument in
case of malfunction. The calibration checks are also used
for receiving inspection or specification validation purposes.
This maintenance information is organized to provide for
two levels of maintenance.

5.1.2 The section is divided into three major sub-
sections; (1) Calibration Checks, (2) Calibration Adjust-
" ment and (3) Troubleshooting Performance Tests. The
troubleshooting is further divided into Unit Performance
Tests and Subassembly Performance Tests. The unit level
performance tests are designed to check the instrument by

function, such as AC Volts, and enable isolation of a mal-
function to a replaceable module or subassembly. The sub-
assembly performance tests are designed to check the
operation of a module or subassembly and isolate a mal-
function to an individual component or circuit.

5.2 CALIBRATION CHECKS.

5.2.1  This subsection of the Maintenance section con-
tains instructions and reference information for checking
the calibration of the Model S100AF DMM. The instruc-
tions are presented in tabular form and are organized by
instrument function. In addition, the test setup, input and
control settings are provided for each step in the procedure.
Test equipment required is listed in table 5.1.

Table 5.1 - Test Equipment Required for Calibration Checks and Adjustmeht

Minimum Use Suggested
Function Qty Item Specifications Equipment
DC §3) Saturated Standard Cell Bank 1 ppm, certified EPPLEY 106,
(6 cells) GUIDELINE 9152/T6
2) DC Calibrators 0.1 ppm resolution FLUKE 332B, HP740B
1) Fixed High Voltage Divider 1 ppm, certified GUIDELINE 9700
a Voltage Divider Adjustable 0.1 ppm resolution FLUKE 720A, JRL SVD-108
1) Null Detector/uVoltmeters 1 MV sensitivity FLUKE 845AR, HP419A
AC (1) Thermal Transfer Standard 35 ppm @ 400 Hz, HOLT 6A
50 ppm @ 40 kHz
(1) AC Voltage Source 1 ppm resolution HP745A/746A
Q ) Resistance Standards
10082 10 ppm ESI SR1 with corrections
1KQ 10 ppm ESI SR1 with corrections
10KS2 10 ppm ESI SR1 with corrections
100K82 10 ppm ESI SR1 with corrections
1 MQ 10 ppm ESI SR1 with corrections
10 MQ2 50 ppm ESI SR1 with corrections
OTHER 1) Phillips head screwdriver #1 - -
(1) Insulated Adjustment tool - JFD5284
1) 10 Kohm 1/4 Watt, 5% 5% -
Carbon Resistor
) 1 Megohm 1/4 Watt, 5% 5% —

Carbon Resistor

@3] Minigator Clip Leads with Shields
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Table 5.2 - DCV Calibration Check (6 Month, 20°C to 30°C Spec)

Input and Control
Setting

Function: DCV

Range: .1, Manual

Input Terminals: J101 (Hi)
and J102 (Lo) connected
with a copper jumper

Note: Offset greater than +5
digits will require adjustment
of R32 (front panel) on .1
range.

Note: Guard (J105) must be
strapped to SIG LO (J102).

Readout Performance

Signal Range Signal Input Standard
.1 (manual) .000000 +.000005
1 (manual) .000000 +.000005
10 (manual) .000000 +.000001
100 (manual) .000000 +.000001
1000 (manual) .000000 +.000001
(1100 VDC Max.) :
Remove the jumper and apply the input voltages shown
.1 (manual) +.100000 +.099985 to +.100015
1 (manual) +1.00000 +0.99985 to +1.00015
10 (manual) +10.0000 +09.9985 to +10.0015
100 (manual) +100.000 +099.985 to +100.015
1000 (manual) +1000.00 +0999.85 to +1000.15 -
(#1100 VDC Max.) '

Set DMM to Auto Range and apply the input voltage shown an
autoranges as shown

d verify that the instrument

+0099.99 VDC : DMM Down Ranges from
4009.999 VDC DMM Down Ranges from
+00.9999 VDC DMM Down Ranges from
+0.09999 VDC DMM Down Ranges from
+.200000 VDC DMM Up Ranges from
+2.00000 VDC DMM Up Ranges from
+20.0000 VDC DMM Up Ranges from
+200.000 VDC DMM Up Ranges from

1000 Range to 100 Range
100 Range to 10 Range
10 Range to 1 Range

1 Range to .1 Range

.1 Range to 1 Range

1 Range to 10 Range

10 Range to 100 Range
100 Range to 1000 Range

Set voltage standard to OV and remove input cables
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Table 5.3 - DC (3-Wire) Ratio X10 Calibration Check (6 Month, 0°C to 40°C Spec)

Input and Control
Setting

Function: DCV (S2) & Ratio (S5)
Range: .1 (Auto)

Input Terminals: J101 (Hi)

and J102 (Lo) connected to

signal (+ or —). J103 (Ext.

Note: Guard (J105) must be
strapped to SIG LO (J102).

Note: Shorting links used
on the front panel input termi-
nals must be disconnected.

Ref. Hi) and J104 (Ext.

Ref. Lo) connected to +10 VDC

External Reference

Readout Performance

Signal Range Signal Input Input Standard
.1 (.01:1 Ratio) +.100000 VDC +10.000 VDC +.099945 to +.100055
.1 (.01:1 Ratio) +.100000 VDC +9.000 VDC +.111050 to +.111172
.1 (.01:1 Ratio) +.100000 VDC +8.000 VDC +.124931 to +.125069
.1 (.01:1 Ratio) +.100000 VDC +7.000 VDC +.142779 to +.142935
.1 (.01:1 Ratio) +.100000 VDC +6.000 VDC +.166575 to £.166757
.1 (.01:1 Ratio) +.100000 VDC +5.000 VDC +.199889 to +0.20038*
.1 (.01:1 Ratio) +.100000 VDC +4.000 VDC +0.24952 to +0.25048
.1 (.01:1 Ratio) +.100000 VDC +3.000 VDC +0.33270 to +0.33396
.1 (.01:1 Ratio) +.100000 VDC +2.000 VDC +0.49905 to +0.50095

*Note: Ratio X10 display greater than 200,000 counts requires manual uprange or autorange

1. (.1:1 Ratio) +1.00000 VDC +10.000 VDC +0.99945 to +£1.00055
10. (1:1 Ratio) +10.0000 VDC +10.000 VDC +09.9945 to +10.0055
100. (10:1 Ratio) +100.000 VDC +10.000 VDC +099.945 to £100.055
1000. (100:1 Ratio) +1000.00 VDC +10.000 VDC +0999.45 to £1000.55

Reduce signal voltage supply to 0 VDC and disable ratio switch, S5, to return DMM to DC function. Disconnect Ext. Ref.

voltage from J103 and J104

Note: 100:1 Ratio X10 with +1000 VDC signal cannot resolve an Ext. Ref. voltage of less than +5 VDC, i.e., DMM will

display overrange by a readout of 200000 flashing at the read rate.

WARNING: The ratio technique used is 3-wire. When using a negative input signal, be careful to avoid ground loops and

unreferenced power levels to prevent shock hazards to the operator and possible damage to associated test equipment.

5-3
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Table 5.4 - ACV (Averaging) Calibration Check (6 Month, 0°C to 40°C Spec)

Input and Control

Setting

Function: ACV
Range: .1, Manual

Input Terminals: J101 (Hi)
and J102 (Lo) connected

with a copper jumper

Note: Guard (J105) must be
strapped to SIG LO (J102).
Note: Signals below 0.1% of
full scale are not specified.

Readout Performance

Signal Range Signal Input Frequency Standard
1 (manual) .000000 N/A 0.00000 to 0.00060
10 (manual) .000000 N/A 00.0000 to 00.0060
100 (manual) .000000 N/A 000.000 to 000.060
1000 (manual) .000000 N/A 0000.00 to 0000.60
Remove the jumper and apply the following input voltages (RMS, Sine)
1 (manual) 1.00000 VAC 50 ﬁz to 20 kHz 0.99740 to 1.00260
10 (manual) 10.0000 VAC 50Hz to 20 kHz 09.9740 to 10.0260
100 (manual) 100.000 VAC 50 Hz to 20 kHz 099.740 to 100.260
1000 (manual) 0500.00 VAC 50 Hz to 20 kHz 0998.40 to 1001.60

1000 (manual)

1000.00 VAC (max. input)

50 Hz to 20 kHz

0996.90 to 1003.10

Set Voltage Standard to OV and remove input cables




Table 5.5 - Kohms Calibration Check (6 Month, 0°C to 40°C Spec)

Input & Control
Setting

Function: K
Range: .1, Manua'.
Input Terminals: J101 (Hi)

Note: Guard (J105) must be
strapped to SIG LO (J102).

and J103 (K$2 source) con-
nected to J102 (Lo) and
J104 (K2 sink) with a
copper jumper
Readout Performance
Signal Range Signal Input Standard
All ranges Short .1-.000020, 1 - 0.00020,

10 - 00.0020, 100 - 000.020,
1000 - 0000.20, 10,000 - 00002.0

Remove the jumper and apply the following resistance inputs

.1 K€ (manual) 100.000£2 .099780 to .100220
1 K2 (manual) 1.00000 K£2 0.99780 to 1.00220
10 K€2 (manual) 10.0000 K2 09.9780 to 10.0220
100 K2 (manual) 100.000 K2 099.780 to 100.220
- 1000 K£2 (manual) 1.00000 MQ 0997.80 to 1002.20
10000 K€2 (manual) 10.0000 MQ2 09978.0 to 10022.0
Auto Short Auto Ranges td .1 K£2 Range
Auto Open Auto Ranges to 10 MS2 Range,

flashing 20000 (O/L) @ read rate

Remove resistance standards and input cables

980499
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5.3 CALIBRATION ADJUSTMENTS.

5.3.1  Test sctup and adjustment instructions are pre-
sented in this subscction. . If performance of the calibration
checks indicate the nced for adjustment, perform the
appropriate adjustment procedure. Like the calibration
checks the adjustment procedures are organized by instru-
ment function. This section covers the calibration of the
Dana Model 5100AF Digital Multimeter and is designed to
return the instrument to its published specification for
indefinite periods of time. The procedure consists of
applying known input levels and adjusting the appropriate
component for the indicated value. A list of equipment
required to perform the calibration procedure is provided in
table 5.1.
5.3.2 Disassembly of the instrument case is as follows:
a.  Place instrument on a flat level surface with the bail
extended towards the back of the instrument.

b. Disconnect the power cable and remove the
screws (see table 3.2) on the back panel.

c. Slide the instrument out of the case.

5.3.3  The following steps are performed prior to making
any adjustments to the instrument.

a.  Check the line voltage requirements stamped on
the serial tag located on the back of the instru-
ment and insure that the available power source is
the same. Connect the instrument to the line and
set the power;switch to ON. Allow at least 30
minutes for the'fnstrument to temperature stabilize.

b.  Refer to the operating manuals provided with the
test equipment to be used and provide appropriate.
warmup time.

WARNING

Removal of covers exposes potentially lethal voltages.

Avoid contact with internal AC primary circuits
when instrument is connected to the AC line.

5.3.4 DC Voltage Sources.

5.3.4.1 Calibration of the 5100AF to its published speci-
fications requires the use of metrology standards and
techniques, which are presented in the following para-
graphs. '

5.3.4.2 The 10V, 100V, and 1000\7 range sources are de-
rived by the method illustrated in figure 5.1. The setup is
as follows: '

a.  Disconnect standard cell bank and uVmeter leads
and set the DC calibrator on the desired voltage
range of 10, 100, or 1000.

b.  Adjust the decade voltage divider for a ratio equal
to Voltage of the standard cells/Desired decade
voltage.

c.  Connect the uVmeter and adjust the DC calibrator
source for the amount required to achieve null.

6V STANDARD CELL BANK

132;3\? KVD RATIO = YOLTAGE OF STD CELLS
DESIRED DECODE VOLTAGE
DC CALIBRATOR A A
[N ] BRREEE
000 VIO REHFRER R
©o0o0O00 0-O— —e¢ O IN ouT
° 0+00-0 000 000 +00-0
+ NULLMETER
of [0 0 O+ o 5
20| [ S o o 3
—+O o0 ° . 3

Figure 5.1- 10V, 100V and 1000V Sources
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.1018 VOLTS

1.018 VOLTS
1V RANGE .1V RANGE
DC CALIBRATOR A ﬂ‘ Ak
KVD
] PP999FF OQ?@@@@@
-+
o o o o o %7 5 a2
000 o+oo-o 000 000+00-0
L

000000 OOO

—+O00000| |O O

2
NULLMETER
o* o o
oNLN ] 0o O o
o o

1V STANDARD CELL BANK

Figure 5.2 - 1V, .1V Sources

5.3.4.3 The 1 volt source is derived and equal in voltage to
a single certified standard cell by the method illustrated in
figure 5.2. The setup is as follows:

a.  Disconnect the standard cell and uVmeter leads
and set the DC calibrator for an output equal to
the level of the certified cell.

b.  Connect the gVmeter and adjust the DC calibrator
source for the amount required to achieve null.

5.3.4.4 The .1 volt source is derived from the 1 volt source
by use of a precision voltage divider in the method illustrated
in figure 5.2. '

5.3.4.5 The divider is set to .1000000. The output of the
divider is then a precise 1/10th of the 1 volt input and is
used to calibrate the .1 DCV range of the DMM.

5.3.5 AC Voltage Source (Sinusoidal RMS).

5.3.5.1 The generation of accurate AC signals for cali-
brating the AC converter requires the use of a thermal
transfer standard, a DC voltage standard, and a stable
AC voltage source.

5.3.5.2 The test setup is shown in figure 5.3. Information
on the use of the transfer standard can be obtained from the
operator’s manual.

5.3.5.3 The accuracy of the AC voltage source is equal to
the sum of the transfer standard and DC voltage source
accuracies.

5-7
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DC CALIBRATOR
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0 00-
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29399

—
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THERMAL TRANSFER STANDARD

WITH THE DC CALIBRATOR SET AT THE
REQUIRED DECADE VOLTAGE, ADJUST THE
AC CALIBRATOR TO PRODUCE A NULL ON
THE THERMAL TRANSFER STANDARD. THE
AC SOURCE OUTPUT IS NOW CALIBRATED
AND CAN BE USED AS A PRECISION AC
SOURCE FOR CALIBRATION OF THE 5100AF
AC CONVERTER

Figure 5.3 - AC Source

5.3.6 Familiarization.

5.3.6.1 Read all step-by-step procedures before starting
calibration to verify that all required test equipment, tools,
and miscellaneous hookup cables are available to perform
the calibration procedure. Verify that all test equipment
has been under power for the required amount of time
prescribed by the manufacturer to attain full accuracy and/
or stability.

5.3.7 Warmup.

5.3.7.1 Apply power to the S100AF and allow 1/2 hour
of warmup time.

5-8

5.3.8 Calibration Points.
5.3.8.1 Calibration points are shown in figure 5.4.
5.3.8.2 Access to the calibration points is by removal of
the instrument case. This procedure is performed as
follows:

a.  Set DMM power switch to OFF.

b.  Remove line cord from DMM (J201).

¢.  Remove screws (2) from rear panel.

d.  Slide DMM out of case.

e.  Replace line cord to J201.

f. Set DMM power switch to ON.
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DC CALIBRATION /D
(CONNECT MICROVOLTMETER TO 1SO
OUTPUT REF TO LO SENSE)
2V LF (RMS) INPUT MODE ADJUST
(RMS) 1. SHORT 2v DC FRONT PANEL
LN OFFSET “DC OFFSET”
1KV LF 2. 1MQ 2v DC +TIBIAS
(AVE)
POL f\ Rs3 (REPEAT 1 & 2 AS REQUIRED)
Q LIN (RMS) A3 3 SHORT .2V DC ~IBIAS
DISCONNECT METER USE DISPLAY
+ R31) 20k { ° s )
FEED \_/ 4. SHORT 2v DC POL (+)
FWD {RMS) 5. +100uv 2V DC + FEED FWD
- (+10 DIGITS)
LoG v ¢ @ +2v 6 100uv 2V DC FEED FWD
200V LF R o -
(RMS) (AVE) rag| 2v (—10 DIGITS)
SYMMETRY \_/ L 2v DC +2v
200V HF @ 8. +1.9V 2v DC LIN
(AVE) (RMS) (REPEAT 7 & 8 AS REQUIRED)
—2v
@ AVT ¢ @ IS0 ouT 9. -—19v 2v DC —a2v
20V LF 10. SHORT .2V DC FRONT PANEL
FQ (RMS) (AVE) OFFSET ZERO
1KV LF 1. +19 .2V DC 2v
20V HF 12. SHORT 20V DC HV OFFSET
(AVE) 13, +1000V 1KVDC 1KV
/" (RMs) 14, +190V 200V DC 200V
200V 200V LF 15,  +19V 20V DC 20V
200V HF —IBIAS 16. +1000V 1KVDC 1KV
{RMS) .
\) +TBIAS (NOTE: IF READJUSTED,
20v REPEAT 14 & 15)
() 20V LF (RMS)
=57) 1KV R19 {20\/ HF (RMS)
U 2V LF (AVE)
RE6 | 2K
4WIRE OHMS ADJUSTMENT /N
R39| 20MQ
2V HF
INPUT MODE ADJUST
1. 10KQ 20KQ 20K
HV 1KQ 2K 2K
OFFSET @ 1 KV HF 10 MQ 20 MQ 20MQ
MODEL 5100 DMM
AREFER TO MANUAL FOR DETAILS
WARNING: GUARD VOLTAGE PRESENT ON COVER

Figure 5.4 - Calibration Points
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5.3.9

5.3.9.1

Calibration Procedure.

This procedure is designed to produce the

highest accuracy in the least number of steps, while mini-
mizing interaction between adjustments. To insure opti-
mum accuracy, no deviation from the order of adjustments
in this procedure can be made.

5.3.9.2 ISOLATOR ZERO.

5393

Connect a jumper to J101 (Hi) and J102 (Lo) in-
put terminals. J105 (GUARD) is to be connected
to J102 (Lo).

Set the DMM to the DCV function and .1 range
(manual).

Connect a microvoltmeter “Hi” input lead to TP1,
isolator output on the reference isolator PCB. A
hole in the top cover, labeled “ISO OUT,” provides
access to the TP1 pin using an insulated minigator
or capture type test clip. The microvoltmeter
“Lo” input lead is connected to the J102/J105
input terminal (analog common).

Adjust the FRONT PANEL ZERO, R32, for
zero + 5 uVv.

Replace the jumper with a 1 MS2, 5%, 1/4W
resistor.

Adjust R8, +I (current) Bias, on the Reference
Isolator PCB for zero + 5 uVv.

Replace the 1 MS2 resistor with a jumper and re-
peat steps d, e, and f.

Remove the microvoltmeter test leads.
POLARITY ADJUSTMENT.

With the DMM in the DCV function and the input
shorted, select the 1 volt range (manual).

Visually monitor the DMM polarity LED, and ad-
just R33, labeled “POL,” on the Digitizer PCB for
the center of polarity.

53.9.4

- a.

5395

FEED FORWARD ADJUSTMENT.

With the DMM in the DCV function and 1 volt
range (manual). Remove the jumper at the input
and connect a DC voltage source set to +100 uV.

Adjust R24, labeled + FEED FWD, on the Digitizer
PCB for a readout of +0.00010 on the display.

Reverse the polarity of the input signal (—100 V).
Adjust R23, labeled — FEED FWD, for a readout
of —0.00010 on the display. Recheck the Feed
Forward adjustments.

Apply a +1.00000 volt to the input terminals and
adjust R32, labeled +2V, on the Reference Isolator
PCB for a readout of +1.00000 on the display.

Increase the input voltage to +1.96000. ~Adjust
R42, labeled LIN, on the Digitizer PCB for a read-
out of +1.90000 on the display.

Repeat steps d and e until each step is within +1
digit of the required reading on the display.

Apply a —1.90000 volts to the input terminals and
adjust R1, labeled —2V, on the Digitizer PCB for
a readout of —1.90000 on the display.

Decrease the input voltage to —1.00000 and
verify the readout on the display is —1.00000
+ 5 digits.

Check steps a through g and adjust, if necessary.

RATIO X10.

Set the DMM to DCV and Ratio functions and the
1 volt range (manual). Connect the DMM as shown
in the figure 5.5 test setup. Set the divider to
.1900000 and adjust the DC voltage standard to
+2.000000 volts for the input to the divider and
to J103 (EXT REF HI) and J104 (EXT REF LO).
Connect the output of the divider to J103 (Hi)
and J102/J105 (Lo). :

The

NOTE

center of polarity is the mid-point of the

hysteresis when the polarity indicator “bounces”
plus and minus approximately 50% of the readings.

5-10

Shorting links on the input terminals from J101 to
J103 and J102 to J104 must be disconnected before
ratio measurements are attempted.

NOTE
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DC CALIBRATOR
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5.3.9.6

Figure 5.5 - Ratio Test Hookup

Adjust R53, Ref OP AMP voltage zero, for a
+1.90000 readout on the display. It may be
necessary to use the measurement 3-pole active
filter (S6) to optimize the adjustment of R53.
Take the DMM out of the Ratio function by dis-
abling the Ratio switch (S5).

Set the DC voltage standard to +10 volts. The
DMM is now in DCV and the 1 range with a
+1.90000 volts applied to the input. Adjust R32,
labeled +2V, on the Reference Isolator PCB for a
readout of +1.90000 on the display.

Repeat steps a through ¢ and readjust as necessary.

Enable the Ratio switch to place the DMM in
Ratio X10, 1 volt range, and adjust R33, ratio
linearity adjust, on the Reference Isolator PCB
for a readout of +1.90000 on the display.

Recheck steps b, ¢, d, and e and readjust as
necessary. Take the DMM out of Ratio by dis-
abling the Ratio Switch (S5), returning the DMM
to DCV function, 1 range.

Remove the External Reference input cabling.

DCV RANGE ADJUSTMENTS.

Select the .1 range (manual). Remove the signal
input cable, replace with a jumper at J101 and
J102/3105, and adjust R32, FRONT PANEL
ZERO, for a readout of .000000 *+ 1 digit on the
display, if necessary.

Remove the jumper, apply a +.190000 volt input,
and adjust R48, labeled .2V, on the Reference

Isolator PCB for a readout of +.190000 on the
display.

Reverse the polarity input (—.190000 volts) and
verify a readout of —.190000 + 2 digits on the
display.

Select the 1 volt range, replace the signal input
with a jumper, and verify a readout of (&)
0.00000 on the display. Repeat steps a, b, and c,
if the readout is not zeroes. '

Select the 10 volt range, replace the signal input
with a jumper and adjust R16, labeled HV OFFSET,
on the Digitizer PCB for a readout of (1) 00.0000
on the display. Remove the input jumper.

Select the 1000 range, apply a +1000.00 volts
to the input terminals (J101 and J102/J105).
Adjust R57, labeled 1 KV, on the Digitizer PCB
for a readout of +1000.00 on the display.

Reduce the DC voltage standard to +190.000
volts at the input terminals and select the 100
volt range (manual). Adjust R50, labeled 200V,
on the Digitizer PCB for a readout of +190.000
on the display.

Reduce the DC voltage standard to +19.0000 volts
at the input terminals and select the 10 volt range
(manual). Adjust RSS, labeled 20V, on the
Digitizer PCB for a readout of +19.0000 on the

. display.

Repeat steps f, g, and h and readjust, if necessary.

Reduce the voltage standard outputs and remove
input cables.

5-11
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5100AF
(OO
®06
®O_ooo pooooo O
o CORRECTED
RESISTANCE
STANDARDS
2 — OPTION 80 INPUT CABLES
SENSE' §1 REF
HI
>
g
©@®
GUARD
TEFLON CABLE — RG196U
SENSE  Q REF
JORO,
OO
S
S Ax
GUARD <
Figure 5.6 - Ohms Measurement Connection
5.3.9.7 4-WIRE KOHMS ADJUSTMENTS. - b.  Connect the DMM as shown in the figure 5.5 test
' setup.
NOTE
. ¢.  Select the Kohms function and the 10 Kohm range.
Low sense line must be less than 1 ohm. Connect the DMM to a 10 Kohm resistance stand-
ard using a 4-wire, low leakage cable as shown in
figure 5.6.
a.  With the DMM in the DCV function, select the .1
volt range. Connect a jumper to the input
terminals and adjust R32, FRONT PANEL ZERO, d. . Adjust R31, labeled 20 K€2, on the Reference
for a readout of (+) .000000 on the display, if Isolator for a readout equal to the resistance
necessary. standard value.
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Connect the DMM to a 1 Kohm resistance stand-
ard, select the 1 Kohm range, and adjust R56,
labeled 2 K&2, on the digitizer PCB for a readout
equal to the resistance standard value.

Connect the DMM to a 100 ohm resistance stand-
ard, select the .1 Kohm range, and verify that the
readout is equal to the value of the resistance
standard, + 32 digits.

Set the DMM to the 100 Kohm range, connect the
DMM input to a 100 Kohm resistance standard,
and verify that the readout is equal to the value of
the resistance standard, + 32 digits.

Set the DMM to the 1000 Kohm (1 MS2) range,
connect the DMM input to a 1 Mohm resistance
standard, and verify that the readout is equal to
the value of the resistance standard, + 32 digits.

Set the DMM to the 10,000 Kohm (10 M£2) range,
connect the DMM input to a 10 Mohm resistance
standard, select the measurement 3-pole filter, and
adjust R39, labeled 20 MS2, on the digitizer PCB
for a readout of 10.0000 on the display.

Remove the input cables from:-the DMM and
resistance standard and disable the measurement
filter.

AC CONVERTER (Averaging).

Select the ACV function and the 1000 range. Con-
nect the AC voltage standard source set to 1000V
AC @ 1 kHz to the input terminals, J101 (Hi) and
J102/J105 (Lo). Adjust R10, labeled 1 KV LF,
on the AC converter for a readout of 1000.00 on
the display.

Increase the frequency of the AC voltage standard
to 20 kHz and adjust C2, labeled 1 KV HF, on the
AC converter for a readout of 1000.00 on the dis-

play.

Reduce the output of the AC voltage standard to
1V AC @1 kHz, select the 1 volt range, and adjust
R19, labeled 2V LF, on the AC converter for a
readout of 1.00000 on the display.

Increase the frequency of the AC voltage standard
to 20 kHz and adjust C5, labeled 2V HF, on the
AC converter for a readout of 1.00000 on the dis-

play.

" circuit board.

980499

e.  Select the 10 volt range, increase the output of the
AC voltage standard to 10.0000 volts @ 1 kHz,
and adjust R21, labeled 20V LF, on the AC con-
verter for a readout of 10.0000 on the display.

f.  Increase the frequency of the AC voltage standard
to 20 kHz and adjust C7, labeled 20V HF, on the
AC converter for a readout of 10.0000 on the dis-

play.

g.  Select the 100 volt range, increase the output of
the AC voltage standard to 100.000 volts @ 1 kHz
and adjust R23, labeled 200V LF, on the AC
converter for a readout of 100.000 on the display.

h.  Increase the frequency of the AC voltage standard
to 20 kHz and adjust C9, labeled 200V HF, on the
AC converter for a readout of 100.000 on the
display.

54 TROUBLESHOOTING PERFORMANCE
' TESTS. )

5.4.1  This section contains Unit and Subassembly per-
formance tests. The unit performance tests are designed to
isolate a malfunction to a replaceable module or printed
In some cases where the printed circuit
board is large and complex, the unit test is designed to
isolate the malfunction to a functional area of the board.

The unit performance tests are organized by instrument
function such as AC volts, DC volts or Kohms. A
“singlethread” diagram is provided for each of the unit per-
formance tests. These diagrams show the primary signal
path through the instrument for the individual function of
the instrument.

54.2  The subassembly performance tests are designed to
isolate a malfunction to a component or small group of
components on a printed circuit board.

These tests are organized by subassembly such as the dis-
play PCB or the AC converter board.

5.4.3 Both the unit and subassembly performance tests
present test setup instructions, step by step instructions for
monitoring the circuit under test and performance standards
in the form of voltage levels or oscilloscope waveforms. In
addition the tests are fully illustrated by either the
“singlethread” diagrams or schematics which illustrate the
test point location within the circuit under test. For ease
in locating the physical test point within the instrument,
pictorial drawings are provided on pages facing the sche-
matic.
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544  Test points called out in the performance tests may
be actual physical test points provided as convenience test
points or they may simply be circuit locations such as the
end of a resistor or the emitter of a transistor. In either
case the test points appear in the performance test tables as
black squares or diamonds. These “flags” also appear on
the corresponding schematic and on the pictorial drawing
in the Drawing section of this manual.

5.4.5 Note that the test points are numbered sequentially
$0 as to start at the input of a circuit and progress to the
output. The performance standard for each test point is
shown in the table if it is a voltage standard; the waveform
standards are provided on waveform illustration pages
immediately following the performance test table. The
numbered test points refer to square black test point flags

appearing on the assembly drawing and schematics in
the Drawing Section (6). These black square test point flags
indicate voltage measurement points. Similarly the alpha-
betic test points refer to black diamond shaped flags

appearing on the assembly drawings and schematics. The
Alphabetic diamond flags indicate oscilloscope test points.

5.4.6 To perform subassembly performance tests refer
to the appropriate test table, perform the preliminary test
setup presented as the first few steps of the test. When the
setup is complete proceed with test and verify that the
measurement at each test point is within tolerances called
for in the performance standard column of the test. If at
any point in the test you do not obtain the required voltage
or signal refer to the appropriate schematic to determine
the area of the malfunction. Resort to conventional .
troubleshooting methods to identify the faulty component
or circuit. The term conventional troubleshooting methods
as used here means checking individual semiconductors,
resistors and capacitors in and around the. area of mal-
function.

5-14

5.4.7 Unit Performance Tests.

54.8 Tables 5.6 through 5.9 present the unit per-
formance tests. Note that the tables contain performance
standards for voltage measurements and waveforms. The
tolerance required for troubleshooting is looser than
operating tolerances because the technician is generally
looking for the presence of the signal rather than an exact
high tolerance standard. This allows the use of a much
broader range of test equipment and also allows the use of
test equipment that is not subject to high accuracy cali-
bration requirements. Troubleshooting, unlike calibration,
may be done with any equipment that is accurate to 5%.

549 The performance tests presented in this section
are:

DC Volts Unit Performance Test Table 5.6
DC 3-Wire Ratio (X10)
Unit Performance Test Table 5.7
AC Volts (Averaging) _
Unit Performance Test Table 5.8
~ Table 5.9

Kohms Unit Performance Test

WARNING

Removal of covers exposes potentiaHy lethal voltages.
Avoid contact with internal AC" primary: circuits
when instrument is connected to. the AC line.




Table 5.6 - DCV Upit Performance Test

980499

Input and Control Signal Reference Test Hlustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: DCV NOTE: All
Range: .1 (manual) measurements are
Input Terminals: J10 referenced to TP4
(Hi) and J102 (Lo) (MECCA)

connected toaDC
voltage standard set to
+0.10000V

NOTE: Use of DC
active filter, S6,
optional.

NOTE: Guard (J105)
to be strapped to

Sig Lo (J102).
DC Voltage Input S1-B-2 n 10.100000V DC
+ Tol.
Isolator Input E26 +0.100000V DC
+ Tol.
Isolator Output TP1, Reference- +1.00000V DC
Isolator Assy. + Tol.
Range: 1 (manual)
Set DC voltage DC Voltage Input S1-B-2 +1.00000V DC
standard to +1.00000V + Tol.
Isolator Input E26 +1.0000V DC
+ Tol.
Isolator Output TP1, Reference- +1.00000V DC
Isolator Assy. + Tol.
Range: 10 (manual)
Set DC voltage DC Voltage and n +10.0000V DC
standard to +10.0000V HV Buffer Input S2-B-2 + Tol.
Attenuator Input S2-A-2 +10.0000V DC
+ Tol. ’
Attenuator and +1.00000V DC
Isolator Input E26 + Tol.
Isolator Qutput TP1, Reference- +1.00000V DC
Isolator Assy. + Tol.
Range: 100 (manual) »
Set DC voltage DC Voltage and ;. a +100.000V DC
standard to +100.000V HV Buffer Input S2-B-2 + Tol.
Attenuator Input S2-A-2 +100.000V DC
+ Tol.
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Table 5.6 - DCV Unit Performance Test continued

Performance

Input and Control Signal Reference Test Itlustration
Setting Nomenclature Designation Point Reference Standard

Attenuator Output +1.00000V DC

and Isolator Output E26 + Tol.
Isolator Output TP1, Reference- +1.00000V DC

Isolator Assy. + Tol.
Range: 1000 (manual) DC Voltage Input +1000.00V DC

Set DC voltage and 9 MS2 Divider S3-B-2 n + Tol.

standard to $1000.00V Resistor

Attenuator Input S2-A-2 111(‘)01.000V DC

+ Tol.
Attenuator Output +1.00000V DC

and Isolator Input E26 + Tol.
Isolator Output TP1, Reference- +1.00000V DC

Isolator Assy. + Tol.

Reduce DC voltage
standard to OV
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Table 5.7 - 3-Wire Ratio (X10) Unit Performance Test

Input and Control Signal Reference Test Nlustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: DCV (82) & NOTE: The ratio
RATIO (55) technique used is
Range: .1 (rnanual)_ 3-wire. When using a
Input Termma{s: Signal negative input signal,
Input, J101 (Hi) and be careful to avoid
J102 (Lo) connected to ground loops and un-
a DC voltage standard referenced power
set to +.1 volts. Refer- levels to prevent
ence input, J103 (Hi) and shock hazards to the
J104 (Lo) connected to operator and possible
a DC voltage standard damage to associated
set to +10 volts. test equipment.
NOTE: Shorting links
between J101 & J103,
J102 & J104 must be
disconnected before a
ratio measurement can
be made
NOTE: See DCV unit
performance test
(Table 5.6)
NOTE: All measure-
ments are referenced
to TP4 (MECCA)
NOTE: Guard (J105)
to be connected to
Sig Lo (J102)
NOTE: Use of the
DC active measure-
ment filter (S6)
optional
Display: +.100000 Ref Op Amp + In J7-E n +10.0000V DC + Tol
Ref Op Amp — In 17D +10.0000V DC + Tol
+1V Ref Out J5-18 +1.0000V DC # Tol
Reference Input set to Ref Op Amp + In J7-E +9.0000V DC + Tol
+9 volts. Display:
+.111111 Ref Op Amp — In J7-D +9.0000V DC + Tol
+1V Ref Out J5-18 +0.9000V DC + Tol
Reference Input set to Ref Op Amp + In J7-E +8.0000V DC + Tol
+8 volts. Display:
+.125000 Ref Op Amp — In J7.D +8.0000V DC + Tol
+1V Ref Out 35-18 +0.8000V DC + Tol
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Table 5.7 - 3-Wire Ratio (X10) Unit Performance Test continued

Input and Control Signal Reference Test Illustration Performance
Setting Nomenclature Designation Point Reference Standard
Reference Input set to. Ref Op Amp +In J7-E n +7.0000V DC + Tol
+7 volts. Display: _
+.142857 Ref Op Amp — In J7.D +7.0000V DC # Tol
~ +1V Ref Out 35-18 +0.7000V DC + Tol
Reference Input set to Ref Op Amp +In J7-E +6.000V DC + Tol
“+6 volts. Display:
+.133333 RefOp Amp—In | 37D +6.0000V DC * Tol
+1V Ref Out 35-18 +0.6000V DC + Tol
Reference Input set to Ref Op Amp +In J7.E +5.0000V DC + Tol
+5 volts. Display:
+.199999 or +0.20000 Ref Op Amp — In J7D +5.0000V DC # Tol
+1V Ref Out 35-18 +0.5000V DC + Tol
Reference Input set to Ref Op Amp + In J71-E +4.0000V DC + Tol
+4 volts. Display: :
+0.25000 - Ref Op Amp — In J7D +4.0000V DC + Tol
+1V Ref Out J5-18 +0.4000V DC + Tol
Reference Input set to Ref Op Amp + In ' J7-E +3.0000V DC + Tol
+3 volts. Display:
+0.33333 Ref Op Amp — In 37D +3.0000V DC + Tol
+1V Ref Out 15-18 +0.3000V DC + Tol
Reference Input set to Ref Op Amp +In J7-E +2.0000V DC + Tol
+2 volts. Display: ‘
+0.50000 Ref Op Amp — In 17-D +2.0000V DC + Tol
+1VRefOut . J5-18 +0.2000V DC + Tol

Disable Ratio sw (S5) to DCV Function, reduce input voltages and remove cables.

Signal Range Ratio X10 Ext Ref Voltage DC
+1 01:1 +2V to +10V
+1 11 +2V to +10V
+10 1:1 +2V to +10V
+100 10:1 +2V to +10V
+1000 100:1* +5V to +10V
(+1100V max)

*100:1 ratio X10, using a +1000V DC signal, must use an external reference voltage of +5 volts or greater
to obtain a valid display. Voltages less than +5 volts will cause overrange, “200000” flashing at read rate.
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Table 5.8 - ACV (Averaging) Unit Performance Test

Input

Input and Control Signal Reference Test IMustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: ACV NOTE: All
Range: 1 (manual) measurements are
Input Terminals: J101 referenced to TP4
(Hi) and J102 (Lo) (MECCA)
connected to an AC NOTE: Frequency
voltage standard set to of input signal
1.00000V @ 10 kHz optional
NOTE: Guard (J105)
to be strapped to
Sig Lo (J102)
AC Signal Input S1-D-3 B 1.0000V AC # Tol.
AC Converter Out- +1.00000V DC
put and Isolator S1-B-2 + Tol.

Isolator Output

TP1, Reference-

H

+1.00000V DC

Input

Isolator Assy. + Tol.
Range: 10 (manual) AC Signal Input S1D3 1] 10.0000V AC + Tol.
Set AC voltage
standard to 10.0000V AC Converter Out- +1.00000V DC
@10 kHz put and Isolator S1-B-2 + Tol.
Input
Isolator Output TP1, Reference- +1.00000V DC
Isolator Assy. + Tol.
Range: 100 (manual) AC Signal Input S1-D-3 1] 100.000V AC # Tol.
Set AC voltage
standard to 100.000V AC Converter Out- +1.00000V DC
@10 kHz put and Isolator $1-B-2 + Tol.

Isolator Output

TP1, Reference-
Isolator Assy.

H

+1.00000V DC
+ Tol.

standard to OV

Range: 1000 (manual) AC Signal Input S1-D-3 n 1000.00V AC + Tol.
Set AC voltage
standard to 1000V AC Converter Out- +1.00000V DC
@10 kHz put and Isolator S1-B-2 + Tol.
Input
Isolator Output TP1, Reference- +1.00000V DC
Isolator Assy. + Tol.
Reduce AC voltage
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Table 5.9 -Kohms Unit Performance Test

Input and Control Signal Reference Test Nlustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: K NOTE: All
Range: .1 (manual) measurements are
Input Terminals: J101 referenced to TP4
(Hi)/J103 (£2 Source) (MECCA)
and 1102 (Lo)/J104 NOTE: Guard (J105)
2 -Smk) connected to to be strapped to
a l;etsmtla(;lgeo ;tg}dard Sig Lo (J102)
e NOTE: Use of the
DC active filter, S6,
is optional
K{ Reference $2-C-1 n +10.1000V DC
Voltage + Tol.
Isolator Input Si-B-2 +0.10000V DC

+ Tol.

Isolator Output TP1, Reference- +1.00000V DC
Isolator Assy. + Tol.
Range: 1 (manual) K$2 Reference S2-C-1 n +11.000V DC
Set resistance standard Voltage + Tol.
to 1.00KQ2
Isolator Input S1-B-2 +1.00000V DC
+ Tol.
Isolator Output TP1, Reference- +1.00000V DC
Isolator Assy. + Tol.
Range: 10 (manual) K2 Reference §2-C-1 n +11.000V DC
Set resistance standard Voltage + Tol.
to 10.0K2
Isolator Input Si-B-2 +1.00000V DC
+ Tol.
Isolator Output TP1, Reference- +1.00000V DC
Isolator Assy. + Tol.
Range: 100 (manual) K2 Reference $2-C-1 n +11.000V DC
Set resistance standard Voltage + Tol.
to 100 K2
Isolator Input S1-B-2 +1.00000V DC

+ Tol.

Isolator Output

TP1, Reference-
Isolator Assy.

H

+1.00000V DC
+ Tol.
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Table 5.9 - Kohms Uriit Performance Test continued

980499

Input and Control Signal Reference Test Hlustration Performance
Setting Nomenclature Designation Point Reference Standard
Range: 1000 (manual) K2 Reference $2-C-1 n +11.000V DC
Set resistance standard Voltage + Tol.
to 1.00 MQ2
Isolator Input Si-B-2 +1.00000V DC
+ Tol.
Isolator Output TP1, Reference- +1.00000V DC
Isolator Assy. + Tol.
Range: 10,000 (manual) K2 Reference S2-C-1 n +11.000V DC
Set resistance standard Voltagze + Tol.
to 10.0 M2
Isolator Input S1-B-2 +1.00000V DC
+ Tol.
Isolator Output TP1, Reference- +1.00000V DC

Isolator Assy.

H

+ Tol.
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Figure 5.12 - Kohms Simplified Schematic; .1 Kohm and 1 Kohm Ranges
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Figure 5.14 - Kohms Simplified Schematic; 100K Ohm Range
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5.4.10 Subassembly Performance Tests.

54.11 Subassembly performance tests are designed to
isolate a malfunction to a small group of components or a
single functional group of components. Once the trouble
is narrowed down to a small area the technician should
resort to conventional troubleshooting techniques such as
checking individual components such as resistors, capacitors,
semiconductors and applying heat and cold to individual
components. Each of the subassembly performance tests is
accompanied by performance standards for each step of
the test. These performance standards are in the form of
static DC voltages or waveform pictures.

In the case of the main printed circuit board, the largest
and most complex of the PCBs, several performance tests
have been provided. These tests are segregated because
the main PCB contains a number of separate functional
circuits such as the clock, isolator, range control and null
detector. Separate performance tests are provided for each
of the remaining smaller boards.

980499

5.4.12 Note that the test points in the performance test
tables refer to the performance standard or waveforms in
the test and to the test point shown on the assembly
drawings and schematic drawings in Section 6 of this
manual. The presentation of assembly drawings in the
troubleshooting section and again in the drawing section of
the manual is redundant but it provides the necessary
continuity and makes the technicians troubleshooting job
easier.

WARNING

Removal of covers exposes potentially lethal voltages.

Avoid contact with internal AC primary Ccircuits
when instrument is connected to the AC line.
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Set the Front Panel controls as follows:

Function: DCV

Range: AUTO

Filter: OUT

Input Terminals: J101 (Hi) and
J102 (Lo) connected with a
copper jumper

voltage

Verify the line selector switch, $201 on :
the rear panel, is set to the proper line

YES

Line cord connected? >—

YES

Power Switch, S11, on? >—

YES

Fuse good? >‘

YES

NO

Tl secondary, AC voltages
per Table 5.11

Fuse blown? >i

YES

<
<
<
<
<
<
<

Measure rectified and regulated
DC voltages per Table 5.12

NO
NO
NO
YES
NO
NO

Connect DMM to line source

Set power switch to ENABLED (in) position

Replace fuse

Disconnect power cord, replace fuse,
and measure primary/secondary resistance
windings per Table 5.10

Replace T1

Repair defective component(s)
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Figure 5.17 - Main PCB, Power Supply Subassembly Performance Test
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Table 5.11 - Secondary AC Voltages of T1

From To Measurement

T1-6 T1-7 9.5 VAC + 5%
T1-10 T1-11 205 VAC + 5%
T1-12 T1-13 7.4 VAC + 5%
T1-13 T1-14 74 VAC + 5%
T1-12 T1-14 14.75 VAC + 5%
T1-15 T1-16 37VAC + 5%

Figure 5.18 - Voltage Regulator Pin Assignments

Table 5.10 - Primary Resistance of T1

Table 5.12 - DC Voltages Referenced to MECCA (TP4)

J1 Line Select Setting

J201 Line (L)
to Neutral (N)

115 VAC

2092 + 182

230 VAC

6752 + 302

Secondary Resistances of T1

From To Measurement
T1-6 T1-7 2.75Q + .50
T1-10 T1-11 49582 + 1082
T1-12 T1-13 0.6582 +0.15Q
T1-13 T1-14 0.652 +0.1582
T1-12 Ti-14 1392 +03Q
T1-15 T1-16 65 + 18

Ref Desig Measurement P-P Ripple

E34 +255V + 5V 6V

E35 —255V + 5V 6V
AR2-3(C) -7.5V +£0.3V 700 mV
AR2-2(E) —5.0V £ 0.25V 15mV
AR4-3(0) 22V + 1V 400 mV
AR4-2(E) —18V £ 0.5V 10 mV
AR3-1(B) +22V + 1V 400 mV
AR3-2(E) +18V + 0.5V 10 mV
CR15 (Cathode) +10V + 0.5V 5mV
CR16 (Anode) ~18V + 1V 20mV
Q6 (Emitter) ~17V 2 IV 20mV
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Table 5.13 - Main PCB, Oscillator/Clock & MUX Oscillator Subassembly Performance Test

Input and Control Signal Reference Test Hlustration Performance
Setting Nomenclature Designation Point Reference Standard

Function: DCV NOTE: All

Range: AUTO measurements are

Filter: OUT referenced to TP3

Input Terminals: J101 (DIG COM).

(Hi) and J102 (Lo)

connected with a copper

jumper
Oscillator Output U1-10/13 0 Figure 5.19 Waveform 1
Clock Output U1-2 Q Figure 5.19 Waveform 2
MUX Osc. U19 o Figure 5.19 Waveform 3
MUX Osc. U1-8/5 Q Figure 5.19 Waveform 4
MUX Osc. Ul1-6/3 e Figure 5.19 Waveform 5
MUX Osc. Output Ul4 o Figure 5.19 Waveform 6
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WAVEFORMS FOR TABLE 5.13 980499
1 U1-10/13 2 u1-2
(NO.) 0SC OUT (NO.) CLOCK OUT
2 MHz + 1% 2 MHz + 1%
NN ANMDNASNMNNMN N A A NN A NN NN/
VIVIVIVIVIVIVIVIV VIV VIViVIVIVIVIV
1.0 FHHHHH :H%;EHH HHHHHHHHHHHH 1.0 - ::::i;:::' HHHHHTH
(V/DIV) :_ {(V/DiV) o
0.5 uS 0.5 uS
REF: DIGITAL COMMON 0tV REF: DIGITAL COMMON (/B1V)
DC COUPLED DC COUPLED
3 u1-9 a4 u1-8/5
oo MUX 0OSC (NO.) MUX OSC
500 Hz + 10% 500 Hz + 5%
NEILNEIN :
2.0V A 1 e stanits o HLHM» a0V [T et
VooV | _ VDTV
. 1 mS 1mS
REF: DIGITAL COMMON (/°'V) REF: DIGITAL COMMON (/B'V)
DC COUPLED DC COUPLED
5 u1-6/3 6 u1-4
o) MUX 0SC OUT

T™SY  MUX OSC
500 Hz + 5%

500 Hz + 5%

2.0V | - e H'EE H 2.0V -+ iy ”HEE”
{(viD'V) :_ (V/DIV) ::
1 mS 1TmS
REF: DIGITAL COMMON (/o1 REF; DIGITAL COMMON ©/®"!
DC COUPLED DC COUPLED
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Figure 5.19 - Main PCB, Oscillator/Clock & MUX Oscillator Test Point Locations

5-40



Table 5.14 - Main PCB, Range/Function & Relay Logic Subassembly Performance Test

980499

Input and Control Signal Reference Test Nlustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: DCV NOTE: All
Range: .1 (manual) measurements are
Fiiter: OUT referenced to TP3
Input Terminals: J101 (DIG COM)
(Hi) and J102 (Lo)
connected with a copper
jumper ROM Inputs/Outputs U21 n Figure 5.23
Range: 1 ROM Inputs/Outputs U21
Range: 10 ROM Inputs/Outputs U21
Range: 100 ROM Inputs/Outputs U21
Range: 1000 ROM Inputs/Outputs U21
Function: ACV ROM Inputs/Outputs U21 n Figure 5.23
Range: 100 ROM Inputs/Outputs U21
Range: 10 ROM Inputs/Outputs U21
Range: 1 ROM Inputs/Outputs U21
Function: K2 ROM Inputs/Outputs U21 Figure 5.23
Range: .1 ROM Inputs/Outputs U21
Range: 1 ROM Inputs/Outputs U21
Range: 10 ROM Inputs/Outputs U21
Range: 100 ROM Inputs/Outputs U2
Range: 1000 ROM Inputs/Outputs U21
Range: 10,000 ROM Inputs/Outputs U21
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MAIN PCB DIGITIZER PCB AC CONV. PCB 'SOGL:LOR
FUNCTION RANGE K1 K2 K1 K2 K3 K1 K2 K3 X1 X10
A
1
pCv
&
RATIO 10
100
1000
1
10
ACV
100
1000
A
1
1
KQ °
100
1000
10,000

ENERGIZED

542

Figure 5.20 - Range Relay Status Chart
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to

Inputs A(RC1), B(RC2), and C(RC3) are from the
UP DOWN range counter to code range information.
High levels (3.6V, REF: DIG COM) decode range.
inputs D(FC2) and E(FC1) are from function logic/
switches to code function information. Low levels
(0.15V, REF: DIG COM) decode function.

Outputs Y1 and Y2 are inverted to drive K1 and K2
on the main PCB for signal distribution for DCV and
K ranges. High outputs enable relays.

Outputs Y3. E16 (R6. Display Decimal Code). and
E15 (R3. Display Decimal Code) drive K3, K1, and

Vee
5600 ROM
SN74188A
.
RCt 10 1 3 4
_— 1A Y1 ? us K1 (M/PCB)
RC2 11 Y2 —2——0 5 U6 s
ANG LOGIC ﬁ —_ 1B K2 (M/PCB)
valP
RC3 12
—_—c u21 _ua
s il
\ Y4 R10 6 (K1)
,
Fc2 13 YT
5 R10
> Y5 05 (k2
FUNCT. LOGIC {
6 R1000
Fc1 14 Y6 4 (K3
—_—E
N 7 R6 =
Y7 E16 O 6 (K1)
9 R3
v8 E15 013 8 (K2)
7 (K3)
7 —
UPLIMIT 6
4
DWNLIMIT 5 vz
AUTOcRKﬁ":anE REFERENCE: TP3,
9 DIGITAL COM.
LOAD
4 us I3
\
Figure 5.21 - Range and Function ROM Simplified Schematic
STATEMENTS

K2 respectively on the digitizer PCB to configure the
HV buffer and/or attenuator for DCV and K2 ranges.
Low outputs enable relays.

Outputs Y4, Y5, and Y6 code range attenuation for
the AC converter relays. Low outputs enable relays.
Outputs Y7 and Y8 decode UP LIMIT and DOWN
LIMIT information for autoranging processes. Low
outputs are range limits. If both outputs are low
(power-up or illegal range), the up/down counter, U20,
is set from range code 6 (hard-wired input code) when
the Toad input goes low to protect signal input cir-
cuitry.
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ROM IN

ROM OUT
DCV & RATIO X10
Tfﬂf_‘};:&g U21 PIN A 1 10 | 100 | 1000 U21 PIN A 1 10 | 100 | 1000 Itf_'gsl{:&%
RC1| A 10 L L L v1 1 L L L L B K1 — M/PCB
Rc2 | 8 1 L . N Y2 2 o L L L | x2-mprce
rRea| ¢ 12 v3 3 H H H H H | k3-oIc
FC2 D 13 H H H H - Y4 4 H H H H H K1 —- AC
FC1 | € 14 H H H H H ¥s 5 H H H H H | x2-AC
Y6 6 H H H H H | kK3-AC
TRUE STATE  LOGIC LEVEL V7 ; " " " " TSRO
= HIGH = ‘I] v8 9 H H H DWNLTMIT
- Low = E16 H H H Kt - DIG
a TYPICAL FOR ALL TABLES ETS H H k2 -DiG
ACV
U21 PIN U21 PIN 1 10 | 100 | 1000
A 10 Y1 1
B 11 * Y2 2 *
c 12 v3 3
D 13 va a
E 14 ¥s 5
ve 6
Y7 7
v8 9
E16
E15
b
KQ
U21 PIN A 1 10 | 100 | 1000 |10,000 U21 PIN
A 10 L S L L N Y1 1
B 11 7 L ' v2 2 _,
c 12 L L Y3 3 H
D 13 Y4 4 H H
E 14 Y5 .5 H H
Y6 | 6 H H
Y? 7 H H
Y8 9 H H
E16 H H
* THESE RANGES DO NOT EXIST E1s " "
Cc
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Figure 5.22 - Relay Logic Level Performance Standard
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Table 5.15 - Main PCB, Counter & Timing/Control Logic Subassembly Performance Test

F/F “D” Input

Input and Control Signal Reference Test Tllustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: DCV NOTE: All
Range: AUTO measurements are
Filter: OUT referenced to TP3
Input Terminals: J101 (DIG COM)
(Hi) and J102 (Lo) NOTE: External
connected with a copper trigger oscilloscope
jumper at TP1 (SID)
Counter Output U10-18/U13-5 @ Figure 5.24 Waveform 1
Qel
Counter Output U10-16/U13-4 0 Figure 5.24 Waveform 2
Qe2
Signal Integrate Ul13-6 o Figure 5.24 Waveform 3
Reset U13-11 0 Figure 5.24 Waveform 4
Remove jumper and
connect to a DC
standard set at
+.100000V Null Detect TP2 ° Figure 5.24 Waveform 51
Reverse Signal Polarity Null Detect P2 G Figure 5.24 Waveform 52
Reverse Signal Polarity +ND F/F Output Ul4-1 0 Figure 5.24 Waveform 6
—~ND F/F Output U14-2 0 Figure 5.24 Waveform 7
Internal Reset U14-12 0 Figure 5.24 Waveform 8
Signal Integrate Ul13-3 o Figure 5.24 Waveform 9
Reference Integrate U17-13 0 Figure 5.24 Waveform 10
Enable
— Reference U18-6 0 Figure 5.24 Waveform 11
Switch Drive
Freq/10 Switch Ua-6 0 Figure 5.24 Waveform 12
Output
Prescale Counter U3-3 e Figure 5.24 Waveform 13
“A” Output
Prescale Counter U3.7 0 Figure 5.24 Waveform 14
“D” Output
Counter Control U9-2 0 Figure 5.24 Waveform 15
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Table 5.15 - Main PCB, Counter & Timing/Control Logic Subassembly Performance Test continued

Input and Control Signal Reference Test Illustration Performance
Setting Nomenclature Designation Point Reference Standard

Counter Control v9-3 0 Figure 5.24 Waveform 16
F/F Clock Input
Counter Control U9-6 0 Figure 5.24 Waveform 17
F/F Q Output
One-Shot “A” Q Ull4 o Figure 5.24 Waveform 18
Output
One-Shot “B” Q U11-12 0 Figure 5.24 Waveform 19
Output

Remove DC standard

voltage input
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WAVEFORMS FOR TABLE §5.15

980499
1 Qe‘] 2 0.32
(NO.) (NO.)
Uu10-18 Uu10-16
20 + NPRLTE WS SP T 20 ' + H+ el
(V/DIV) T {V/DIV) a
20 mS 20 mS
(S/DtV) (S/DIV)
3 SIGNAL INTEGRATE 4 RESET
NG ‘ TNO.)
U13-6 U13-11
T 3 3
20 hictuimintuispdaiatatel-| -+ P HAHHHHHHHHH 20 -+ FHHHHHH 3:: - uiniulaiel
(V/DIV) ¥ (V/DIV) ¥
20 mS 20 mS
(S/DIV) (S/DIV)
51 NULL DETECT (+ POL) 592 NULL DETECT (-~ POL)
NOJ NOJY
TP2 TP2
- ;
&l L\ sl d:nlll aasalapenl o e laed ey -LAJ:- selaasabaanetodd
20 + ..‘ .r.‘c—m.::.... S ARARANEARSERARA 20 M
V/B1WV) = d - v/BIv) \ g
50 uS — 1.6 mS =] —}€=50 1S
] | | | 1
M mS \ 20 mS
EXPANDED —s/oIvV) EXPANDED S/DIV)
VIEWS VIEW
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WAVEFORMS FOR TABLE 5.15 continued
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6 + NULL DETECT F/F 7 — NULL DETECT F/F
{NO.) (NO.)
u14-1 U14-2
20 HHAHH i 20 S :::.EE'
(v/Div) ¥ V/D1V) t
20 mS 20 mS
(S/DIV) (S/D1V)
8 INTERNAL RESET 9 SIGNAL INTEGRATE
NG.) (NG
U14-12 U13-3
: S
20 [MHHHHHTHHHHE 2.0 A T -
(V/DIV) T (V7o1V) T
t i
20 mS 20 mS
(S7BTV). (S/D1V)
10 REFERENCE INTEGRATE ENABLE 1 — REFERENCE INTEGRATE (— RD)
(RO O
U17-13 U18-6
1 ;
20 Ot HHH 3 " 5.0 e aane H
(v/oiv) T (V/DIV) T
i i
20 mS 20 mS
(S/DIV) (S/D1V)
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980499 WAVEFORMS FOR TABLE 5.15 continued

12 FQ/10 SW OUTPUT 13 PRESCALE GATE “A"” OUTPUT
{NOJ) NO.)
u4-6 u3-3
2.0 20 [ .
(V/DIV) ¥ (V/BIV) T
b I
20 mS 20 mS
(S/D1V) . (S/DiV)
14 PRESCALE CONTROL “D"” OUTPUT 15 COUNTER CONTROL F/F “D" INPUT
NOT {NO.)
U3-7 u9-2
20 , 20 HH-HHHHH i
(V/DIV) T Svioivy I
20 mS 20 mS
Sioiv) s/oIvYy
16 COUNTER CONTROL F/F 17 COUNTER CONTROL F/F Q OUTPUT
(NO.) iNoY
CLOCK INPUT U9-6
U9-3
2.0V H+ ::::;E:::'r HHHHHHTHH 20V BH-H+ :.::?T' HH
(v/iowv) g . (V/DIV) T
: |
20 mS 20 mS
“{s/oIv) —s/ovr
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WAVEFORMS FOR TABLE 5.15 continued
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2.0
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ONE/SHOT “A” Q OUTPUT
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it
2 RRRAS

:
e

TN ETINE NN Sidrap e o b tanaal sty
t it T T

20 mS
S/DIV) EXPANDED

VIEW

19

{NO.)

2.0
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u11-12

$uddd
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bk
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Figure 5.24 - Main PCB, Counter & Timing/Control Logic Test Point Locations
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Table 5.16 - Main PCB, Measurement Filter Subassembly Performance Test

980499

Input and Control Signal Reference Test Tllustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: DCV NOTE: All
Range: 1 (manual) ? measurements are
Filter: OUT referenced to TP4
Input Terminals: J101 (MECCA)
(Hiyand J 10? (Lo) NOTE: Signal or
?onnected with a copper function generator
jumper having a DC compo-
nent must be de-
coupled with a
01 pF cap
Filter Amp — Input R30 Figure 5.25 +0.0001VDC
Filter Amp Output R31 Figure 5.25 +0.0001VDC
Remove jumper. Con-
nect input terminals to
a function generator
set to 10 kHz @ 2V p-p Decoupled Isolator E26 Figure 5.25 250 mV p-p
measured at E27 Input e (18 dB)
Filter: IN '[ Decoupled Isolator E26 o Figure 5.25 50 uV p-p
| Input (92 dB)
i
Filter: OUT K
Generator set to 2V p-p | e
@ 1 kHz measured @ . Decoupled Isolator E26 Figure 5.25 900 mV p-p
E27 | Input , (7 dB)
Filter: IN lg Decoupled Isolator E26 6 Figure 5.25 20 uV p-p
! Input (100 dB)
Filter: OUT :
Generator set to 2V p-p | 0
@ 100 Hz measured @ i Decoupled Isolator E26 Figure 5.25 1.7Vpp
E27 Input (1dB)
Filter: IN Decoupled Isolator E26 e Figure 5.25 50 uV p-p
Input (92 dB)
Filter: OUT
Generator set to 2V p-p
@ 60 Hz measured @ Decoupled Isolator E26 e Figure 5.25 1.7V p-p
E27 Input (1dB)
Filter: IN g Decoupled Isolator E26 e Figure 5.25 1.5mVp-p
Input (62 dB)

5-53




980499

Table 5.16 - Main PCB, Measurement Filter Subassembly Performance Test continued

Input and Control Signal Reference Test Hlustration Performance
Setting Nomenclature Designation Point Reference Standard
Filter: OUT
Generator set to 2V p-p
@ 50 Hz measured @ Decoupled Isolator E26 e Figure 5.25 1.7V pp
E27 Input (1 dB)
Filter: IN Decoupled Isolator E26 e Figure 5.25 2mV p-p
Input (60 dB)
Filter: OUT
Generator set to 2V p-p
@ 40 Hz measured @ Decoupled Isolator E26 e Figure 5.25 L7V pp
E27 Input . (1dB)
Filter: IN ! Decoupled Isolator E26 e Figure 5.25 4 mV p-p
| Input (54 dB)
Filter: OUT
Generator set to 2V p-p !
@20 Hzmeasured @ | Decoupled Isolator E26 o Figure 5.25 1.7V pp
E27 i Input (1dB)
Filter: IN i Decoupled Isolator E26 e Figure 5.25 20 mV pp
{  Input (40 dB)
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Figure 5.25 - Main PCB, Measurement Filter Test Point Locations
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Table 5.17 - Display PCB, Subassembly Performance Test

Input and Control Signal Reference Test INustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: K2 NOTE: All
Range: .1 (manual) measurements are
Filter: OUT referenced to TP3
Input Terminals: J101/ (DIG COM) Main
J103 connected with a PCB
copper jumper to J102/ NOTE: Ext Trig
J104. (Guard con- for MUX output
nected to J102/J104) drive is J2-3
' Main PCB
NOTE: Decimal
input logic levels:
High = +3.7V DC
Low =+0.17VDC
Logic
RC1 E14 n Figure 5.26 Low
LED 2
RC2 E13 Figure 5.26 High p Decimal
. Point
RC3 E12 Figure 5.26 Low |
Logic
Range: 1 (manual) RC1 E14 n Figure 5.26 High )
LED 3
RC2 EI3 Figure 5.26 High p Decimal
Point
RC3 E12 Figure 5.26 Low |
Logic
Range: 10 (manual) RCI El4 1 ] Figure 5.26 Low
— LED 4
RC2 E13 Figure 5.26 Low ) Decimal
Point
Fi .
RC3 E12 igure 5.26 High |
Logic
Range: 100 (manual) RCI El4 1 ] Figure 5.26 High )
LED 5
RC2 E13 Figure 5.26 Low » Decimal
Point
RC3 E12 Figure 5.26 High
Logic
Range: 1000 (manual) RC1 E14 n Figure 5.26 Low
) ‘ LED 6
RC2 E13 Figure 5.26 High p Decimal
: Point
RC3 E12 Figure 5.26 High
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Table 5.17 - Display PCB, Subassembly Performance Test continued

980499

Input and Control Signal Reference Test Hlustration Performance
Setting Nomenclature Designation Point Reference Standard
Logic
'Range: 10,000 (manual){  RCI E14 1] Figure 5.26 High
LED 7
RC2 E13 Figure 5.26 High } Decimal
Point
RC3 E12 Figure 5.26 High
Op El 0 Figure 5.26 Waveform 1
Oc (Ext Trig) E2 e Figure 5.26 Waveform 2
OB E3 o Figure 5.26 Waveform 3
OE E4 o Figure 5.26 Waveform 4
0a ES 6 Figuie 5.26 Waveform 5§
LED 3 DR Q2 Collector 6 Figure 5.26 Waveform 6
LED 4 DR Q3 Collector @ Figure 5.26 Waveform 7
LED'S DR Q4 Collector 0 Figure 5.26 Waveform 8
LED 2DR Q1 Collector 0 Figure 5.26 Waveform 9
LED 6/7 DR Q5/Q6 0 ’ Figure 5.26 Waveform 10
Collector
Remove Short from Blank E20 o Figure 5.26 Waveform 11
Input Terminals . Display flashes
200000
Connect Input
Terminals with a LED Segment Figure 5.26 All Decade Seg-
copper jumper. Enable Test ments illuminate
Lite Test Switch, S7 888888
Remove Short from
Input Terminals.
Connect input terminal
to a resistance value.
Example: .182561
(X
Ext Trig Scope @ J2-3, Nj Counter Output E6 o Figure 5.26 Waveform 12
Main PCB
N2 Counter Output E8 0 Figure 5.26 Waveform 13
N3 Counter Output E9 0 Figure 5.26 Waveform 14
N4 Counter Output |  E7 Q Figure 5.26 | Waveform 15
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Table 5.17 - Display PCB, Subassembly Performance Test continued

UNITS

Input and Control Signal Reference Test INllustration Performance
Setting Nomenclature Designation Point Reference Standard
Ext Trig Scope @ TP1, ny LSD Counter El18 n Figure 5.26 Logic High
Main PCB Output
n2 LSD Counter E21 Figure 5.26 Logic Low
Output
n3 LSD Counter E22 n Figure 5.26 Logic Low
Output
n4 LSD Counter E19 Figure 5.26 Logic Low
Output :
i: SCOPE TRACE :JI
oc | op| % j0a| O8] Oc| O Og 0,; 0g
L €— COMPLETE SCAN —>
n1
E18| HIGH |+E6 N1 1 1
n2 N2
E21] Low |+EB8 2 2
n3 ———
£22| Low |+E9 N3 a 4
nd
E19| tow ]+ E7 NG 8

6 5 2 8
TENS——J I
HUNDREDS

1
‘ EQUALS .182561 KQ2
HUNDRED-THOUSANDS

THOUSANDS
TEN-THOUSANDS

Function: DCV
Range: AUTO

Filter: OUT

Input Terminals: J101
(Hi) and J102 (Lo)
connected toa +1V

source Plus Polarity E10 n .Figure 5.26 Logic Low
Change Input to -1V . n
Source Minus Polarity Ell Figure 5.26 Logic Low

Disconnect Input
Scope and Ext Trig
Cables
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WAVEFORMS FOR TABLE 5.17
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WAVEFORMS FOR TABLE 5.17 continued
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WAVEFORMS FOR TABLE 5.17 continued
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Figure 5.26 - Display PCB, Subassembly Test Point Locations
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Table 5.18 - Reference Isolator PCB, Internal Reference Generator Subassembly Performance Test

Input and Control Signal Reference Test Itlustration Performance
Setting Nomenclature * Designation - Point Reference Standard
Function: DCV NOTE: All
Range: 1, Manual measurements are
Filter: OUT referenced to TP4
Input Terminals: J101 (MECCA)
(Hi) and J102 (Lo) NOTE: Reference
connected with a Zener Diodes
copper jumper (CR10) can vary
from +6.2V to
+6.4V. Perform-
ance standard
voltages are meas-
ured values on a
sample DMM
NOTE: Reference Common |  P5-20 B Figure 5.27 | +0.000156V DC
The AC Converter
must be removed to gain Reference Zener CR10 (Cathode) Figure 5.27 +6.3326V DC
access to test points
Op Amp +In R42 Figure 5.27 +6.1924V DC
Op Amp Output RS7 1] Figure 5.27 +10.6387V DC
Reference Gen. Q10 (Emitter) Figure 5.27 +10.0022V DC
Output '
Bridge Gain R34 n Figure 5.27 +9.9918VvV DC
Resistor
Op Amp — In R34 Figure 5.27 +6.1998V DC
Bridge Gain R3S n Figure 5.27 +0.99620V DC
Resistor
Bridge Gain R37 n Figure 5.27 +0.99516V DC
Resistor '
Current Sink Bias R58 Figure 527 | 0.63020V DC
+1V Reference Out P5.18 Figure 5.27 | +0.99583V DC
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{00000Q !

ARt

g

Typical DC Voltages for Reference Generator
Referenced to TP4 (MECCA) ‘on Main PCB

B +0.000156vDC +6.1998V DC

+6.3326V DC +0.99620V DC
B +s.1924vDC +0.99516V DC
B +106387vDC ~0.63020V DC
B +10.0022vDC +0.99583V DC

+9.9918V DC

Figure 5.27 - DC Reference Generator Test Point Locations
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Table 5.19 - Reference Isolator PCB, KS2 Reference Generator Subassembly Performance Test

980499

Input and Control Signal Reference Test Hiustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: DCV NOTE: All
Range: 1, Manual measurements are
Filter: OUT referenced to TP4
Input Terminals: J101 (MECCA) on
(Hi) and J102 (Lo) Main PCB
?onnected with a copper NOTE: DC reference
jumper generator circuit
must be operational
to obtain test results
for the KS2 reference
generator
+10V DC Reference R27 Figure 5.28 +9.9986V DC
NOTE: Generator Output )
The AC Converter
must be removed to gain K Ref Op Amp R27 Figure 5.28 +8.2630V DC
access to test points i —~1In
K2 Ref Op Amp R13 m Figure 5.28 +9.9985V DC
+1In
KS2Ref Op Amp R12 Figure 5.28 +17.276V DC
| Output
! KSRef Op Amp R12 Figure 5.28 +17.087V DC
Decoupled Output
| KS2Over Voltage CR4 (Cathode) Figure 5.28 +17.633VDC
} Protection Bias
. KQOver Voltage RIO 1) Figure 5.28 | +17.854VDC
. Protection Bias
|
!
i K Over Voltage CR3 (Anode) m Figure 5.28 +10.0525VDC
! Protection Bias
K Open Terminal R24 Figure 5.28 +17.009V DC
¢ Clamp Bias
K$2 Open Terminal R21 Figure 5.28 -2.5707VDC
i  Clamp Bias
| +10V KS2Ref R13 Figure 5.28 +9.9987V DC
Voltage Output
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Typical Voltages for KQ2|Reference Generator Circuit
Referenced to TP4 (MECCA) on Main PCB

+9.9986V DC I +17.854vDC
+8.2630V DC +10.5025V DC
+9.9985V DC +17.009V DC
+17.276V DC ~2.5707V DC

+17.087V DC i +9.9987V DC
+17.633V DC

Figure 5.28 - KS) Reference Generator Test Point Locations
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Table 5.20 - Reference Isolator PCB, Isolator/Bootstrap Subassembly Performance Test

980499

Input and Control Signal Reference Test Nlustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: DCV NOTE: All
Range: 1, Manual measurements are
Filter: OUT referenced to TP4
Input Terminals: J101 (MECCA) Main PCB
(Hi) and J102 (Lo)
connected with a
copper jumper
Isolator Op Amp R15 Figure 5.29 +1.34425VDC
—In
NOTE: Isolator Op Amp R19 Figure 5.20 | +1.34386V DC
The AC Converter +1In
must be removed to gain -
access to test points ist Stage Emitter R16 Figure 5.29 —-0.44451VDC
Bias (Signal)
1st Stage Emitter R20 Figure 5.29 —0.44475v DC
Bias (Reference)
1st Stage Emitter R17 Figure 5.29 -0.44515V DC
Bias
+ Bootstrap CR7 (Cathode) Figure 5.29 +4.9464V DC
Voltage
— Bootstrap CR8 (Anode) Figure 5.29 ~-5.1634V DC
Voltage
Bootstrap Common 35-1 Figure 5.29 | —.004212V DC
Input Bias Network RS Figure 5.29 +0.32148V DC
Divider Bias
Input Bias Network Q3 Figure 5.29 40.113454V DC
Diode Drop (Collector)
Current Sink RSS m Figure 5.29 —0.005905V DC
Op Amp Output
Isolator Output TP1 Figure 5.29 —0.000002V DC
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Table 5.20 - Reference Isolator PCB, Isolator/Bootstrap Subassembly Performance Test continued

Bias

Input and Control Signal Reference Te'st Illustration Perforn:nancc
Setting Nomenclature Designation Point Reference Standard
Resnove copper jumper Isolator Op Amp R1S Figure 5.29 +1.44185V DC
Range: .1, Manual ~In
Connect the Input -
Terminals to a DC Isolator Op Amp R19 Figure 5.29 +1.44235V DC
standard set to +1In
+.100000V DC .
1st Stage Emitter R16 Figure 5.29 -034512VDC
Bias (Signal)
1st Stage Emitter R20 Figure 5.29 —0.34531VDC
Bias (Reference)
Ist Stage Emitter R17 Figure 5.29 -0.34565VDC
Bias
+ Bootstrap CR7 (Cathode) Figure 5.29 +5.0446V DC
Voltage
— Bootstrap CR8 (Anode) Figure 5.29 —5.0639V DC
Voltage
Bootstrap Common J5-1 Figure 5.29 | +0.095790V DC
Input Bias Network R9 Figure 5.29 +0.42076V DC
Divider Bias
Input Bias Network Q3 Figure 5.29 +0.21343VDC
Diode Drop (Collector)
Current Sink Op RS55 Figure 5.29 —0.99200V DC
Amp Output
Isolator Output TP 34 Figure 5.29 | +0.99998V DC
Isolator X10 DR J5-16 Figure 5.29 —0.54680V DC
Isolator X1 DR 15-15 Figure 529 | —4.7223
Range: 1, Manual Isolator Op Amp R15 Figure 5.29 +0.36620V DC
Connect Input Terminals —In
to a ~1.00000V DC -
Isolator Op Amp R19 Figure 5.29 +0.36630V DC
+1In
1st Stage Emitter R16 Figure 5.29 —1.44490V DC
Bias (Signal)
1st Stage Emitter R20 Figure 5.29 --1.44497V DC
Bias (Reference)
1st Stage Emitter R17 Figure 5.29 —144525VDC
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Table 5.20 - Reference Isolator PCB, Isolator/Bootstrap Subassembly Performance Test continued

Input and Control Signal Reference Test Nustration Performance

Setting Nomenclature Designation Point Reference Standard
+ Bootstrap CR7 (Cathode) | Figure 5.29 | +3.9634V DC
Voltage v
— Bootstrap CR8 (Anode) Figure 5.29 —6.1567V DC
Voltage
Bootstrap Common J5-1 Figure 5.29 | —1.00420V DC
Input Bias Network R9 Figure 5.29 —0.67852V DC
Divider Bias .
Input Bias Network Q3 Figure 5.29 —-0.88592V DC
Diode Drop (Collector) )
Current Sink RSS Figure 5.29 +1.00380V DC
Op Amp Output
Isolator Output TPI Figure 5.29 | —0.99994V DC
Isolator X10 DR 1516 Figure 5.29 | —4.6812V DC
Isolator X1 DR 3515 36 Figure 5.29 | -0.54630V DC

Remove Input Voltage
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Input Short +.1V/.1 Rng ~1V/1 Rng
+1.34425 +1.44185 +0.36620
+1.34386 +1.44235 +0.36630
~0.44451 ~0.34512 —1.44490
~0.44475 ~0.34531 ~1.44497
—0.44515 —0.34565 —1.44525
+4.9464 +5.0446 +3.9634
-5.1634 ~5.0639 ~6.1567
~0.004212 +095790 ~1.00420
+0.32148 +0.42076 ~0.67852
+0.113454 +0.21343 ~0.88592
—~0.005905 ~0.99200 +1.00380
~0.000002 +0.99998 —0.99994
—~0.54680 —~0.54680 —4.6812
—4.7223 ~4.7223 ~0.54630

Figure 5.29 - Isolator/Bootstrap Test Point Locations
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~ Table 5.21 - Reference Isolator PCB, Ratio Reference Generator Subassembly Performance Test

Input and Control Signal Reference Test Iustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: DCV (82) & NOTE: Shorting links
RATIO (S5) from J101 to J103 &
Range: .1 (manual) J102 to J104 must be
Filter: OUT disconnected before
Input Terminals: J101 signal and reference
(Hi) and J102 (Lo) con- voltages are applied
nected to a DC voltage NOTE: All measure-
standard set to :|_- 100000. ments are referenced
J103 (Ext Ref Hl) and to TP4 (MECCA)
J104 (Ext Ref Lo) con- -
nected to a DC voltage NDTI?‘: The ratio
standard set to +10.0000. technique used in this
DMM is 3-wire. Be
careful to avoid ground
loops and unreferenced
power sources when
using a minus signal’
(numerator) to pre-
vent shock hazards to
the operator and
possible damage to
associated test equip-
ment
Display: .100000 Ref Op Amp + In J7-E Figure 5.30  |+10.0000V DC
Ref Op Amp — In J7.D Figure 530  |+10.0016V DC
Ref Op Amp Out RS7 4 ] Figure 5.30  [+10.6459V DC
+1V Ref Out P5-18 Figure 5.30  [+1.00009V DC
Set Ext Ref DC voltage Ref Op Amp +In J7-E - Figure 5.30 +5.0000V DC
standard to +5.0000.
Display: .199999 or Ref Op Amp — In J7.D Figure 5.30  |+5.0017VDC
0.20000. -
Ref Op Amp Out RS7 1 ] Figure 5.30  |+5.5578V DC
+1V Ref Out P5-18 Figure 5.30  |+0.49933V DC
Set Ext Ref DC voltage Ref Op Amp +In J7-E Figure 5.30 +2.0000V DC
- |standard to +2.0000. )
Display: 0.50000 Ref Op Amp — In J71-D Figure 5.30 +2.0017V DC
Ref Op Amp Out R57 - [« | Figure 5.30  [+2.5432V DC
+1V REf Out P5-18 . Figure 5.30 +0.19940V DC

Disable Ratio switch, S5, to return DMM to DCV Function and remove Ext Ref Input Cable.
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Figure 5.30 - Ratio Reference Generator Test Point Locations
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Table 5.22 - Digitizer PCB, HV Buffer Subassembly Performance Test

980499

Input and Control Signal Reference Test Iltustration Performance
Setting Nomenclature Designation Point Reference - Standard
Function: DCV NOTE: All
Range: 100, Manual measurements are
Filter: OUT referenced to TP4
Input Terminals: J101 (MECCA) Main PCB
(Hi) and J102 (Lo)
connected with a copper HV Buffer Op Amp R14 n Figure 5.31 +7.4196V DC
jumper —In
' Assembly is to HV Buffer Op Amp RIS Figure 5.31 | +7.4201VDC
| be mounted on +In
Extender PCB,
P/N 403993 1st Stage Source Bias |  R19 Figure 5.31 | +2.0093V DC
+300V Source 134 4 | Figure 5.31 | +263.35VDC
—300V Source J3-5 Figure 5.31 -263.75VDC
Plus Regulator Bias R29 n Figure 5.31 +134.50V DC
Plus Zener CR10 (Cathode) Figure 5.31 4+9.8629V DC
Reference Voltage
Plus Op Amp Drive AR1.7 o Figure 5.31 +9.3336V DC
Voltage
Op Amp Output R27 Figure 5.31 -0.07155V DC
Minus Reference AR6-13 T Figure 5.31 -9.1338V DC
Voltage
Minus Op Amp AR1!4 Figure 5.31 —8.5548V DC
Drive Voltage
Minus Regulator R31 Figure 5.31 —135.00VDC
Bias
Current Generator R35 - Figure 5.31 —0.69025V DC
Emitter Bias
HV Buffer Output TPI m Figure 5.31 +0.00007V DC
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£57

4 #5881
Q954224

~{Fre Y2 ¥8 77

310125

=L

\ WARNING . |
B 74196 +9.3336

HIGH VOLTAGE PRESENT 74201 007155
i +2.0093 ~9.1338

[ +26335 —8.5548

—263.75 ~135.00

B +134.50 —0.69025

il +9.8629 +0.00007

Figure 5.31 - HV Buffer Test Point Locations
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Table §.23 - Digitizer PCB, Switching/Integrator/Null Detector Subassembly Performance Test

Input and Control Signa! Reference Test Hlustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: DCV NOTE: All
Range: 1, Manual measurements are
Filter: OUT referenced to TP4
Input Terminals: J101 (MECCA) Main PCB
(Hi) and J102 (Lo) NOTE: Ext Trig
f:onnected with a copper Scope at TP1, SID,
jumper Main PCB
Assembly is to ] ‘
be mounted on Buffer Op Amp R62 Figure 5.32 +10.1640V DC
Extender PCB, — Input
P/N 403993
/ Buffer Op Amp Ré64 m Figure 5.32 +10.1707V DC
+ Input
Buffer 1st Stage Q13 Figure 5.32 +1.39200V DC
Source Bias (Collector)
i Buffer Current CR19 (Anode) m Figure 5.32 -9.3282v DC
l Generator Base Bias
: Buffer Current RIC Figure 5.32 -9.9560V DC
i Generator Emitter m
i Bias
Remove input jumper. I SID J3-18 0 Figure 5.32 Waveform 1
Connect input to DC j
standard set to CPD U4-8 Q Figure 532 |Waveform 2
+1.0000V DC
| Reset 1321 o Figure 5.32  |Waveform 3
i AZ J3-20 Q Figure 5.32 Waveform 4
. SIF 13.19 e Figure 532 [Waveform 5
AZC J3-23 6 Figure 5.32 Waveform 6
t - RD J3-13 6 Figure 5.32 Waveform 7
. D U4-12 0 Figure 5.32  |Waveform 8
~ IND Ud-6 0 Figure 5.32  {Waveform 9
Reference Cap U3-3 o Figure 5.32 Waveform 10
i Switching, +
* Reference Cap U3-2 @ Figure 5.32 Waveform 11
; Switching, —
I Mecasurement Cap Ut-2 o Figure 5.32 Waveform 12

Switching. +
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Table 5.23 - Digitizer PCB, Switching/Integrator/Null Detector Subassembly Performance Test continued

Input and Control Signal Reference Test Ilustration Performance
Setting Nomenclature Designation Point Reference Standard

Measurement Cap Ul1-10 0 Figure 5.32 Waveform 13
Switching, — )
Buffer Input U24 0 Figure 5.32 Waveform 14
Switching :
Buffer Output TP2 0 Figure 5.32 Waveform 15
Switching
Integrator Output TP3 0 Figure 5.32 Waveform 16
Minus Feed- R25 @ Figure 5.32 Waveform 17
Forward Switching
Plus Feed- R26 6 Figure 5.32 Waveform 18
Forward Switching
Null Detector CR13 (Cathode) é Figure 5.32 Waveform 19
Input (1st Stage) .
Null Detector R51 0 Figure 5.32 Waveform 20
Input (2nd Stage)
Null Detector J3-29 0 Figure 5.32 Waveform 21
Output

Change input to AZ J3-20 0 Figure 5.32 Waveform 22

—1.9900V DC
AZC J13-23 6 Figure 5.32 Waveform 23
+RD 13-12 o Figure 5.32 Waveform 24
IND U4-6 0 Figure 5.32 Waveform 25
Reference Cap U3-3 o Figure 5.32 Waveform 26
Switching, +
Reference Cap U3-2 ° Figure 5.32 Waveform 27
Switching, —
Measurement Cap Ul1-2 0 Figure 5.32 Waveform 28
Switching, +
Measurement Cap U1-10 0 Figure 5.32 Waveform 29
Switching, —
Buffer Input U24 o Figure 5.32 Waveform 30
Switching
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Table 5.23 - Digitizer PCB, Switching/Integrator/Null Detector Subassembly Performance Test continued

3
Input and Control Signal Reference Test Hlustration Performance
Setting Nomenclature Designation Point Reference Standard
Buffer Output TP2 Q Figure 5.32 Waveform 31
Switching ‘
Integrator Output TP3 0 Figure 5.32 Waveform 32
Minus Feed- R25 Q Figure 5.32 Waveform 33
Forward Switching
Plus Feed- R26 Q Figure 5.32 Waveform 34
Forward Switching
Null Detector Input CR13 (Cathode) e Figure 5.32 Waveform 35
(Ist Stage)
Null Detector Input R51 o Figure 5.32 Waveform 36
(2nd Stage)
Null Detector J3-29 0 Figure 5.32 Waveform 37

Output

Remove input cables
and extender PCB
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WAVEFORMS FOR TABLE 5.23
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20 mS

(S/DIV)

WAVEFORMS FOR TABLE 5.23 continued 980499
7 —RD 8 CiD
(NG (No.)
J3-13 J4-12
50 B 5.0 -u--c-u——L Hrh+ HH;E H H
(V/DIV) T (v/DIV) T
20 mS 20 mS
(S701V) (S/D1V)
9 IND 10 REF CAP SWITCHING, +
(NO.) NOD
U4-6 us-3
5.0 H - 'E= + HHHHH 0.5 - - 3 HH-HH
(V/DIV) T (V/DIV) T
i 4
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L : t
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980499 WAVEFORMS FOR TABLE 5.23 continued
13 MEASUREMENT CAP SWITCHING, — 14 BUFFER INPUT SWITCHING
(NO.) (NO.)
U1-10 U2-4
H
0.5 HHH oininben : 0.5 + Hige *
W :: (V/DIV) | -
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{S/DIV) (S/D1V)
15 BUFFER QUTPUT SWITCHING 16 INTEGRATOR OUTPUT
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20 mS 20 mS
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¥ [ At/
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WAVEFORMS FOR TABLE 5.23 continued 980499
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WAVEFORMS FOR TABLE 5.23 continued
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WAVEFORMS FOR TABLE 5.23 continued : 980499

}-qu
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WAVEFORMS FOR TABLE 5.23 continued
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4 G ] TP3
r y LF’ 1\t | Al LI 22 ] 242 |§§&® &
oy o 0 el R @ B 1
31250\ 257 2\'5 255 Qgs 25 MUY 22l |/ SRS AT £33 Sinls ety 37,5 §
2ol ool Sleoll g |w 35% TTT NI NI
l Rl ( 20N T T 11 T3S =
% 3 + 200 D SR R
8¥ ‘ 3 s3/hov Q12 J2ey # Xivie B 4r3 PRI
AN NENR O ew ANl 8 o r &&Q@ 355 ) |5g
m N N 0 S .
W é‘; o 1SS vz N |T‘ ul s NS v3 ;‘: SOV ca 1811k r
N N IS [Meore 'y 16 &l i ey <
Wila | ) NS oy | (€7 793 AR PR
g "Q) : \% 0 R faiS 9 ALl 20/) K
= L3 AT T S -
% 338 ¢ X Y
T D ¥s3
0--'0-0—P 0pyopOog B4 iy

WARNING

HIGH VOLTAGE PRESENT
@J3 pin 4 (+300V DC) and 5 (—300V DC)

B 40 ] +0.8620 +0.00007
+7.4201 B +03336 +10.1640
+2.0093 B oonss B +10.1707

B 26335
—263.75
n +134.50

-9.1338
~8.5548
~135.00
~0.69025

+1.3920
I o328
~9.9560

Figure 5.32 - Switching/Integrator/Null Detector Test Point Locations
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Table 5.24 - AC (Averaging) Converter PCB, Subassembly Performance Test

Input and Control Signal Reference Test IMustration Performance
Setting Nomenclature Designation Point Reference Standard
Function: ACV NOTE: All
Range: 1, Manual measurements are
Filter: IN referenced to TP4
(automatically selected) (MECCA) Main PCB
Input Terminals: J101
(Hi) and J102 (Lo) Scaling Op Amp R3 n Figure 5.33 +1.42425V DC
connected with a copper — Input :
jumper
Shield must be removed Scaling Op Amp R4 Figure 5.33 +1.42408V DC
and assembly placed + Input
on extender PCB,
403993 for test Ist Stage Source R15 Figure 5.33 -14.506V DC
Load Bias
Scaling Op Amp AR1-6 n Figure 5.33 -10.677V DC
Output
Rectifier Output CR6 (Anode) Figure 5.33 +13.260V DC
Driver Bias
Rectifier Output CR7 (Cathode) n Figure 5.33 -12910VDC
Driver Bias
PNP Output Driver R7 Figure 5.33 +13.896V DC
Emitter Bias
NPN Output Driver R8 n Figure 5.33 —13.500V DC
Emitter Bias
Rectifier Output CR8 (Cathode) n Figure 5.33 OV (3Vpp
Switching Noise)
Remove jumper. Scaling Op Amp AR1$ o Figure 5.33 Waveform 1
Connect input to a signal Output
{function) generator set
to 1.9V RMS @ 10 kHz Scaling Rectifier CR8 (Cathode) Q Figure 5.33 Waveform 2
Output
t Minus Rectified CR8 (Anode) 6 Figure 5.33 Waveform 3
i Output
Plus Rectified CR9 (Cathode) 0 Figure 5.33 Waveform 4
Output
Plus Qutput J4-11 e 'Figure 5.33 Waveform 5
(Note ripple)
Minus Output J4-10 o Figure 5.33 }Vaveform 6)
(Note ripple

i Remove voltage, cables.
extender PCB. and re-
place shields
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_INPUT REF: TP4 (MECCA) MAIN PCB
1.9V RMS @ 10 kHz/ 1 RNG WAVEFORMS FOR TABLE 5.24 COUPLING: DC, UNLESS NOTED
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Y — o q >
SV +28K. ID0,F rli'
@ | Ki - 9

L/ —oe— B # ale
ﬁ}— 0d  wVym| @#'2
Y 0 - 018
e
K2 — -
[c]
00199

K3 —

—{*

P s 0 0K

H

+1.42425

+1.42408

—14.506

—10.677

+13.260

-12.910

+13.896

-13.500

0V (.3 mV P-P Switching Noise)

Figure 5.33 - Averaging AC Converter Test Point Locations
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Table 5.25 - 5100AF Interconnect Pinouts

J101
J102
J103
J104
J105

F101

81
S2
S3
S4
S5
S6
S7
S8
S9
S10
Si1

El
E2
E3
E4
ES
E6
E7
ES
E9
E10
Ell
E12
E13
El4
El5
El6
E17
E18
E19
E20
E21
E22

|

“+ IN (DCV, ACV, K§2)/S1-D-2
“_ IN (DCV, ACV, KS2)/S4-D-2
K Source/Ext Ref “+”/F101

K£2 Sink/Ext Ref “—"/S3-A-3, S5-B-3
GUARD/ES2

Fused (Ratio) Ext Ref Input
3103 to S5-A-2
ACV

DCV

K2

FQ (Inoperative)
Ratio X10

Filter

Lite Test

Up

Down

Auto

Power

Op

0c

0B

OE

0A

N1

N4

N2

N3

Plus Pol
Minus Pol
RC3
RC2
RCI

R3

R6

Dig Com
LSDnl
LSD n4
Blank
LSD Ny
LSD N3

E23
E24
E25
E26
E27
E28
E29
E30
E31
E32
E33
E34
E35
E36
E37
E38
E39
E40
E41
E42
E43
E44
E45
E46
E47
E48
E49
ES0
ES1
ES2
E53
E54

J1
I2
I3
J4
J5
J6
J7
J201
F201
S201

Ve (MECCA)

Lamp Test

W2-Filter Output

E42-Iso Input/R29, S1-C-3, S6-A-3
S1-B-2/R28

(Not Used)

(Not Used)

Attenuator In

HV Buffer In

+300V

-300V

+300V

-300V

F201 to S11-B-3 (Line ACV)
J201-N to S11-A-3 (Neutrai)
Earth Gnd to ES3

S4-B-3

+18V, ES0

Shield to BSC

Isolator Input/E26

$2-B-1, S2-E-1,K1-8, 83-B-2, & R22
R27,K1-9, S2-A-1, & S2-B-3
W2-Filter Output

W1/R29

R28/W1

R22,R26

R26,R27

+18V, E40

Gnd - W to Crystal Can
Chassis, xfmr core, & Guard (J105)
Earth Gnd to frnt pnl overlay
Mecca (shield for E34/35)

Voltage select PCB Assy. — 403928

Data Output (Not Used)

Digitizer PCB Assy. — 403935

AC (Avg) Converter PCB Assy. — 403905
Ref Isolator PCB Assy. — 403934

Data Output Isolated PWR (Not Used)
On Ref Iso PCB, Ratio Input Conn.

Line Power Conn.

Line Fuse

Line Select SW.
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J105

F101
GUARD
i LED7 | LED6 | LEDS | LED4 | LED3 | LED2 ] LED 1
J104 J102
TS LR EEEE Y, s (D
i 20 P 2 =N w2C
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G m m m b Bt e o B B
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- LI 7]/ 77T TI T
e
ut AuTo] own ] uP Eé’é"; FILTER|RATIO| Fa | k2 | pcv] acv
S10 $9 S8 s7 S6 S5 s4 S3 S2 S1
l BIA|B[A[B]A]lB[AlB]A|B[A]BIA]B] Al B] Al 8] A
plciolcip[ciofc|o]c
1 Fle] FlEe
P 310130
T [ DIGITIZER J3
12] | 2 1] HV BUFFER IN
L 13 | 3 K2 2| HV BUFFER OUT|
14| | 4 3| enO Y
15 | s 310130 4| +300v
16| | & @ 5| —300Vv
171 |7 REF 1SO J5 AC CONV J4 6| RD?
- 18| | 8 1[8s com 1] AC INPUT | 7| rRO3
19] | 9 2|1SO INPUT 2| GND 8| RD8
20| {10 3| =5v 3| GND 9| ATTEN COM
al + Bsv 4] RD6 10| ATTEN IN
_i 5| FNT PNL s| RD5 11| ATTEN OUT
6|FNT PNL 6] RD4 12] + RD
7(N/c 7| —18v 13} - RD
8| N/C 8| cND\/ 14f +10v
E28 9| N/C 9] +18v 15| Q
-+ E29 10]| +10v 10| — OUTPUT 16| MEASURMT LO
11| -18V 11] + OUTPUT 17| MEASURMT HI
J6 12| 1SO i.ow 18{ SID
13| +18Vv 19] STF
14| REF GND W/ 20f{ AZ
- [N 3 15| X1 DR 21| RESET
1 7 16| X10 DR 22| -5v
2 6 17}1S0O oUT 2lazc
3 5 T1 RATIO CONN. J7 18] +1V REF 24| +1V REF
1 la 4 N7C Al |19]REF com 25| REF com
5 S11 3 +10V TAP 8| | 20| REF com 26 | GNDY
6 BJA 2 GAIN REF IN c| {21fn/C 27]-18v
1 REF OP AMP IN - | D] |22}n/C 28| +18Vv
REF OP AMP IN +}E| |23{N/C 20| NULL DET
-t £36 E37 ZENER REF IN |F| |24]+10v REF 30{GND Y
|
5557 REAR PANEL (TOP)
l J201 O
115
E
l £201

L

80499

Figure 5.34 - Model 5100AF Interconnect Diagram
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SECTION 6

DRAWINGS

980499

Title

Digital Multimeter, Model 5100AF (400983)

Module Assembly (403931)

PCB Assy., Main Logic (403933)
Schematic, Main Logic (432103)

PCB Assy., Reference Isolator (403934) .
Schematic, Reference Isolator (432104) .
PCB Assy., Digitizer (403935)

Schematic, Digitizer (432105)

PCB Assy., Display (403855) .

Schematic, Display (432076) .

PCB Assy., AC Converter (403905) .
Schematic, AC Converter (432093) .
Range Selector Assembly (403929) .
Schematic, Range Selector (432101)
Voltage Selector Assembly (403928)
Schematic, Voitage Selector (432100) .

Page

6-3

6-4

6-6

6-8
6-13
6-14
6-17
6-18
6-20
6-21
6-22
6-23
6-24
6-25
6-26
6-27

6-1/6-2 Blank







453992
DATA QUTPUT COVER

LIS5042 SCREW PPH 440xval6
2ALACES

454021 CASE, PLASTIC

GIB02/ SCREW &-32x 1t SELF-TRP

00820 POWER CORD

AN
!/ LABEL.SERAL NO.
L0797 SCEEN 4-80x ¥ SELF-TAP
2 PLACES f[ .
453985 WASHER i g
2 PLACES
20 @ ®
| =
—J —J
2RI 454166
| BUMPER .MALDED
5 REGD

453953

DETENT, BAIL

2 PLACES BOTTOM VIEW OF CASE

| POSITION FEET ON MON-TEXTURED ﬁ
@ B AREAS OF CASE (5PLACES)
453956 NSERT S~ 453919 HANDLE, PLASTIC
920805 2 PLACES
I.D. LAPEL .
FORWARD ~=

Proper preparation of application surfaces is essential J
to assure high quality, long lasting application LL/

40393/
MOBLLE ASSY.

Assume all surfaces to which tape wili be appiied are
contaminated — metals may be oily or dusty; plastics
may be coated with mold release agents, dirt, etc.

Any surface contaminate will adversely affect adhe-
sion and must be removed prior to application by
solvent wiping.

a}l Wet the application surface with a mild solvent
such as isopropyl aicohol {rubbing alcohol} or
heptane and wipe thoroughly.

b) Dry the surface with a lint free cloth before the :
solvent evaporates fronrthe surface. !

| DIGITAL MULTIME TER
Bond strength can be improved with firm applica- 5 MOV SIOOAF

tion pressure so as to develop intimate contact of

adhesive to the bending surface. ! SIZE [COOE IDENT NO.| DWO MO. Rev
NOTES: UNLESS OTHERWISE SPECIFIED ‘ D{21793 400983 | E
I SCALE L/AIE | jsueer 7 of 2
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SHORTING BARS
N 200239 .
3 REQD.

F5395/ FRONT AINEL
F-20PPH SCREW %"NOM. 2 PLCS
GITOS2 *4 LOCK WASH. 2PLCS
454070 FRT PNL OVERLAY
454127 SHIELD

SEE VIEW o\ VIEW L $ VIEWM,
WIRE LIST.

00308 POST B ACK
3 AACES

BIT1O2 *H FLAT WASH.
2 ALACES

92 38i8 (FI01)
FUSEHC DER

,— SEE VIEW J

424215 (sSTOP)

220800

4o0385:5
403933
OISPLAY LOBIC ¥ MITERCOIWEC TIONS
TOP COVER REMOVED FOR CLARITY
454235
CHASS/5
4439355
13094 MYLAR OIGITIZER 403905
Z’i‘g—]%tﬁ) ﬁ“/,f.s'/yE ARC AVERAG/NG CONVERTER

&0090T POST, WHITE
1710 %6 FLT, WASH.
2 PLACES

FUSE, 20MA

(TOP TWD FOSTS)

NOTE : ON 1101, JI02-JI03 % JID4
REPLACE ONE NUT WiTH

ONE WASH, #6 FLT. REF
Ji0S RETAINS BOTH NUTS
SEE VIEW J.

454012
Q/S/JéBUT TOU, WHITE
£

. 920
N\
53989 REAWER

Z PLACES

#5427 SHIELD
(Rer?

453
pas.c/ eurmu, GResl]
/Ny cafa/r

60844 LOCK WAH.

G54236 -EELKET|

CHASSIS (REF)
60625 Bed WASHER /2\
REGULATHR {REF}
&I0822 SHOULDER WASHER
*4. Fi AT WASHER

4 NUT

\ 6:0BII GROMMET
2 PLACES
4-40 SCREW PFHI00°<3& /A\

p—E)

SCEEN 440
/% agw,r/ 2820
453594 B
/_ BUMPER STR/IP
D 454240 ® D
I ca/ae TOP (SE€ 5472)

G1S042 SCREMW
PPH 4-40 % 4 LG

SCLEH 440, 3/ £G Ao

FEO77HF2,
/4?/.5‘5//2'/ 2
Q20302

FUSE, 254MP
ZEE /V RE LisT

SCREW-PPH,
449x1/4'__., R
HEX .’UUT

Z Lu"? {JJ/\
IODD‘% CAP-IODI‘V 01 SoLLER
FROM LUG TO FILTER (A,

MAKE LEADS AS SHORT
AS POSSIBLE

\_SEE VIEW B #WRE LST

230338 (7818)
EE DETAIL A $VIEWF
10771 TIE RO (1918)
6 PLACES SEE SEE DETAIL A $VEW F
BROWN WRE

2 PLACES

FONER

*4 LOCK WASHER REOOOM» FLAT (ABLE /

N\ 403928 ULHGE SELECT AR e TE
SCREW P 100°, 440 ¢ 3/& MM f’ HETER

SCREW PFH .{GIJL, 4-40 x 3/llo NOM

315i37

ECLEV, L2 e wou
G FLAT p/45HE6-2 REGD Z2PLCS
) b VASHER

e WOHR ,##4,2 REQD

55‘7 Wy’RE IJ.;

~1w

TRIM AtL LEADS ON
AR3 £ AR4 AS SHOWN

SWItTs /—BRDWN WIRE REF

: @
454741
| 1] S wor romn
A 203934 LD SCEEN, 3/16 LS 1OM
/Eae SHCE JSCLATOR 454049
/V
]

=
CEMENT, SPERY
920729  LABEL
SRE VIEW 'C'

454127 SHIELD (BEF)

SEE DETANL. H-
& WIEE LIST

JI103 JiOH
\ o
4 £5Q0 G/0596

AT, EXEARLS/OS, J0%] flio2 SEE WEW J
@ AceS) 0 O) | OETAIL K #
1 : WIRE LIST

N sceew pru 100 v =7 4 /
NOM 2 RERD | L
flle e
{c olo ] cngaj M@
° o|0 o:oyc ol
© oo Cicfc|o o olcgo
-] olo ofo ofcfo
N il of s .
) olc o
< Ofc 9
°1°°Sl° .

~d

VIER/ L AFROL/ T PAR/EC  WIRIKIG

: O*—]mm

= AR
- \\r—_
S e ARa (ﬂ /sEE et sT)
~
| 1 NDMa—J g/ l——10.75 NOM ——/1——-{
TYP o A b3nOM ﬁ;__l\sooma
TAL D SHRINK TUBING
BLUE WIRE Lsnmsat FLAT CARLE DETAL D
(R4 PN 2) REF
ARI  AR4 4 BLUE WRE REF
i E.é% 5?)35 ) (N~
AN Y 1 220333
N~ 3oMy—
BROWN WIR - —@E
MOUNTIG TORGUE 70 86 6m 185, (a3t I %m BLUE :"REQ —_— '/ pun— /L;/g?—dé_iﬁ,j?ﬂ/
APPLY THERMAL JOWT COMPOLND (920443) 70 BoTw Lo TO SELLZE O MOLRED FROL L. L a— 230351 AU D
SURFALES OF BeQ WASHER. Pt A SURFACES 2 (n= o B
A fﬁg’%"’7”5y5-/77” S TD S TOAES N s VIEW E SIZE [CODE IDENT NO.] DWG NO. PE
S OO L=~ TAPE WAL BE MEW F D|21793 20392 |S
NOTES: UNLESS OTHERWISE S7%2IFIED ATED e [IoWT EH.2) =/
scaLE LE | | sHeer / oF =

6-4



—Fi0l (REP)

/-ams (REF)

454070 OVERLAY (REF)
/ 45395 FRONT PANEL (REF)

454127 SHELD (REF)

METAL FOIL OIDE

FROM ESZ ¢ ES3 (REF)

SEE WIRE LIST

USE S0C0CT
SHRINK TURING AJR

VEEW J
(SEE WIRE LIST)

—-L-—.|1 NOM
——-I 1.ODNOM. 1—»—

—
)

ey

S v |

. -
~NC3

- ——t=
—3J

/E/

A

. e ——

0

_—
—
.

_ DETAIL K
(SEE WIRE LIST)

54240 COVER /
LES

600027 SOLDER LUG

| L
.88 NOM ————=] 17 NOM

©15543 SCREW
FL.HD. 4-40 »3/8
87004 NUT
S17102 WASHER

SEE SECTION N-

[ 75 5Q PIECE CUT

FROM 920820 ADHE- :

5
|

403993 EXTENDED BOARD
ALY, MODEL 5100 AR

2 REQD

Q17077 LOCKWASHER

SIVE BACKED TAPE AR

DETAIL H

(SEE WiRE LIST)

454249 BUMPER —
8 Pcs

920008 CEMENT Al
8 PLACES

LOCATE LABEL APPRDX.
AS SHOWN PN 920129

g epe—————

VIEW C
ROTTOM VIEW

o5
237
2.60
. 450

7.57

&85

AlLL BUMPERS 70 CLEAR HOLES

A\ - METALS MAY BE OILY OR DUSTY3 PLASTICS MAY BE COATED WITH MOLD RELEASS AGENTS,DIRT, ETC.
ANY SURFACE CONTAMINATE WiLL ACVERSELY AFFECT ACHESION ANC MUST BE REMCOVED FRIOR TO APPLICATION BY SOWVENT WiPG.,
Q)WET THE APPLICATION SURFACE WiTH AMILD SOLVENT €JCH AS ISOPROPYL ALCOHOL(RUBSING ALCOHOLJOR HEFTANE AND WPE THORDUGHLY.

REF

SECTION N-N
SCALE : NONE

&850

1

2.5

i

=28

VIEW P

SCALE :UOUE

454240

30634 MYLAR (REF)
D786 ADHESIVE (REF)
CUT MYLAR $ ATHESIVE
TO DIMS. SHOWR &
LOCATE APPROX AS
SHOWN .

MODULE AS5YV
MODEL 5/00AF

SIZE [COOE IDENT NO.] DWG NO.

2)CRY THE SURFACE WITH A LINT FREE CLOTH EEFORE THE SCLVENT EVAPORATES FIOM THE SURFACE.. R ; T
BIND STRENGTH CAN 2E IMPROVED WiH FiRM APPLICATICN FRESSURE SO AS TO DEVELOP INTIMATE CONTACT OF ADHESIVE TOTHE SCNCING SURFAZE. ; D 21793 403 9:/ 5
NOTES: UNLESS OTHERWISZ SPECIFIED ' . =
; SCALE A/2//= | {SHEET 2 OF =

65



31DI3QCRADLE RELAY - SEE DETAL S

o}
600Tbb TEFLON STIHDOEF CREDLE
OPLACES i &0014TKELAY SOCKET 9720482 SOCKET 7
SEE VEW K / 30130 CRADLE RELAY | 610563 STANDOFF s
00072 SOLDER LU6 , D047 RELAY SOCKET SCREW PPH4-40x1/2° 6>
26 BERAL A : TN |
-/ 5 ' / . 4-40 S(REW (REF)
e YA & reet g C : g § BE/EEBEEE 608 BOOE B8 & +40NUT (REF)
~ 5 B fa B 3 ED 5 B % ! @]
o Ed% | g ; 30 STANDOFF {REF)
‘ ;
R TP4
R MEE@ @ I0gF  I0pF DETAIL 5
wl
;o BEBEE B g =533 g o
O, 5 © SEE DETALL R
% 8 E% i =
5 ( 453900 GUIDE PN
g af8 | TpLaces 220823 SPARK GAP .
1GIT0 CAPACITOR 01376 SLEEVING M iEas
; KL | 1 500065 TUBING OF POS3IBLE SHORTS
B ?’_ISDAE?E‘%UMPER o cfo -;
& L
T SEE VIEW F o ol Iy
(o] cio o]
X = ] o olo [olo olo ™
(G . R?S-?L o > (26 | 8 o ojo lojo oclo <
130K+ "
Wl 454237 TRENSFORMER GUARD o olo ofb ofo ¢
BI5047 SCREW PPH 4-A0+ Y4 LONG o olo olo o|o ¢
R23 G102 VIRSHER FLAT #4 ZREGD o_ olo,  olo, _olc <
e LK 5% 2w 61077 WASHER LXK *4 I D DD D
454017 SPACER — :
3PLACES — . )
6REQ'D.
UNDER T~ . : ,
ur SECURE AR? (73030) TO Ln_J
03371 szl hass GUARD (45396R) L) LWL K
§| SEE VEWS & VEW L
— { T «n RE NOTE: (UT EACH EMITTER LEAD OF G2 4 Q4
SOLDER WRE T0 NOTE Ch
) CRYSTAL (11) (ASE FLUISH T3 1TS BOOY.
é T ) SEE WIRE LIST
=l i
z Ule us un : 300C 93 TRANSFORMER
iy W 615047 SCREW PPH4-4Dx%’
r__[]_ 2 s SR QTS0 [lses TORQUE TO 6N LBS. .
Q
'Y 8 ” ! BIIOTTLONK WASHER. [ S eSO MOHER,
F0 N | ; MIOLEAT viueR | COMPOUND T0 B0TH
I0pF 35V - ° SKC._DER WASHER
1][1] / i 1 sy {{‘ﬂ E38 SLPPLED INKIT B
SWITCH —?S?DIACEE 3{|8] e i o ‘§ 2 Y =z !
455y - 2 : OvE O 600909 POWER SWITCH i
SEE VIEWS S| e0 Il’}lLBSJ /_pfésm n 3 Ja PN /“"bOD ER SWITC 20053 BUMPER _ B
HiL €M e ] . — i
BaED (REF} OS890
SEE WIRE UST ™ 22 L sil == Vs
o0 s P | 26 b 230301 (REF)
BB E u . s
; 'ﬁﬁfnﬁﬁﬁr_—'l . 00063 SHRINK
L H ;J P (:Eww; (REP
=== L
e [ \ N a0
£ SWITCHNG - | | R 3
920735 SOCKET I6PN, 4078 PC.B. -
ASSY & PLACES 920624 SOKET 24 PN 60082 CONNECTOR VEW E YEWG
920734 SOCKET 14 PN 920734 SOCKET 14 PN LODBT CONNECTOR & POSITION) P e ——— ) NOTE : INSTALL GURRD TD PCB BEFORS
15 PLACES 2PLACES (U722 4 U73) 600828 CONTACT S| REGD NOTE AR SR e U TO T INSTALLING ARL TO GUARD.
SEE DETAIL N¢ WIRE LIST CAPRIITOR TG PL.R.
454017 SPCER
UWOER SWITCH 403929
i3 PLACES 55 o@ T 3C _E_ o PROPRILTARY NOTICE
S 5 S — = ™~ — — 7 Ters DOCUMENT AND Twi TICHWMICAL OATA NEREON
& DIOCES CRS THRU (R4 ARE IN40O4 00 0 @f/@} e— A N et PC.BOARD ASSEMBLY-
3. RESISORS ARE IN OUMS, 5%, VaW. nocli T T e e L ot MAIN BOARD |05IC # INTERCONNECTION
T.. SAF;!:E‘-’-AT;LP';‘EDT:". 432103 ore VIEW M A Ii'Zn.T.‘J;'.'.’f.",“'f'.:'.I.T':.'::.:.?.LZ'Z.ZI;I MOBEL SIOCAF
R KBt CZEDURES AND CESSES TD P el et vt ron runtbits or anamcrmn e SIZE [COCE IDENT NO.] OWG NG, REV
CONED4 TO Din'v WORKMANSHIP MANDAL . COMPOLENT ST SN L e e e D) 21793 403933 u
NOTES_ UNLE'S_'; GTHERW'SE SPECIFiED ::4:[-[!1? OF PAODUCE FROM DANA LAGORATOR-§S
scate 27V | [-=tc7 [ 0FJ2
6-6




o2

o
[
2

DETAIL 8
— SEE DETAIL C

Ve

YSEE DETAIL E
YS.IO T 2.10

| r450c2.80
- :

A AN AY A%
V\ e W\
IFCANERA VAN
{

BLK —
WIRE

i

<
u%’
Y4
) _)_@}1

i
i
A
N

42:5;1

SEE VIEW K (REF)

IF Fi5.1 13 USED INSTALL WIRE
FROM E4& TO S2-B-1 QNLY.

IF FiG.2 15 USED INSTALL WIRE
FRCW £48 TO $2-B- ONLY.!

IF FIG 3 13 USED INSTALL WIRE
FROM E43 TO SZ-B ONLY;

5007072 TUBKNG

EXTEND TUBING OVER EACH
END OF CAPACITOR (Ci4)

| "| A MAX OF .0b
| <14 ]
b |

2.50

/ 0f06a8

E48
RZ6
RZL  \\9M
Eaq
3 R71

/{ h
105
230 S5 QETAL D
2.c0 , _
T ke vew H <ET OF 01 ReSSIOR

£G1.0%

SET OF THREE RESISTORS
87i811a3 2

R11

‘ \ ‘ == IC- c c e c o /3'50 e B
SHIELD {GREEN) ‘\ : /—sse DETAIL F FIGURE. 1 Ea4 FIGURE 2 E¥4 Feure 3 O
I 2 e = e 12,20 NOM g ‘
o J9 NON (TYP) r VIEW K
N B ﬁg COMPONENT SIDE_SHOWN
‘:’Cﬁ/ d (SEE SHEET 1),
100N
. CUT EXISTING CONDUCTOR
. ;% 5 (TYP1 =~ £~ 600022 SOLDER Lus BETWEEN SB-A- ¢ 5B-Br}
ESr= DETAL D 832234 SODER W6
ETA : QSN e CUT EXISTING EONDUCTOR
430 = .DITMAX. i BETWEEN S9-AH ¢ S9-B
SZZ VEW P FOR CONDUCTOR :
L SFITION N CRCUT STE § VIW P
r CIREIT SIDE SHOWN
® O
(o3 30y ({3 303
F loz 20|¢ E |02 20{F ®@ 6
HOT MELT NOT L Ql 1o J L ol 10 J
ESA B33 T0 EXCEEDHEEGHT( 03 30 W r 03 310 1
OF WIREDIA- gl 10|c . ¢ oz 20|0
. L{o1 10]J ¢ Lot 10fJ
(|03 30 (|03 30y g
o0 B [02 20| A A |02 20| & @ ©
EzaE28 Llor 10]J Llot 10J ©) @
Bk o
\ DETA _ E — T BOTTOM VIEW
CIRCUIT SiDE SHOWN ' 210 NoM — “;—_ U U K1 K2
I—-—z.oo N0M~———-| 12 NOM -—l.zsmomi-—. 152 NOM t-s———.se.wom IEW 4 —
7 ’-* 2, _.:(';,e’lﬁ — — VSI \_Nsu VIEW J
C ez o fsouon i — 5 sl
DETAIL A m———— 3¢ >r—— < 39 T > < OTTOM VIEW TOP VIEW
I(?rv Ng)m : - 17 NOM—“ 2.00 NOM ———‘ ~—-'.15NDM§-- f—2.50 NOM —==] '
; /‘(?'YP)NOM (¥ DETAIL C , d 2,80 NOM
WHITE WIRE \7—5\1\“ WIRE RLACK WIRE WHITE WIRE / DETAI L F': ;
T [ 3¢ T LZ’L:—' _— j PC. BOARD ASSEMBLY -
SR |0 80w — =-sonom— % LN BOARD LOGIC 4 INTERCONNECTION|
: 2,50NOM e
' ! J fm 15 Reeunnsb——-l ’-——.n NOM MCUEL SI00AF
DETA L B - 8.00NOM —f—= | SEE WIRE LIST (Tve) SZE [CODE IDENT NO.| OWG MO, REV
i st N Ziosenn-  JU/PR CREPARATION Dj21793] 40393  Ju
: e i Trig [ [sueer 2 of 12

6-7



s 7 6 v . 3 2 1
PART PART PART PART PART PART
5% %%
J3 Ja J5
HE INPUT >
b ird 120 0UT weeE 27
Y HREE boe! !
i 1 d B S
Lo © LD INPUT ‘I;ls : : D'
R o ~
! jpd—oL LowW QUT ; l ~ , ¥ : : :
P IACH] A T T FILT |2 o o
ot ATTEN QUT 8 28 dfeaofege S = R
J¢—t—t S6 o1
L o2 5 o 5T o 63 o 52 o " Lo
b i . o2 & iR &% OBl 1k,
Fd—t DC oUT 100K 2w 10K 2w b
g 3 E47 €46 [ jll ow L -
I ! Y,
I I +HA JQQI 5033 ! :
I i
{ 1 8 % : 1 I
t ! s g 0 mNN L
bl +I0V REF © = ATTN COMIB g !
1 i — 5)_HY BUFF 1N IS ) :
i i | D
l ! fe8 ofpaofago = } |
1 i 82
1 { 0 5T oo 3 o | |
i i & [ & 3 ! !
| ) i |
| I
: 59 i I
i p o R32 ¢ & | {
| ro20K o Kl o, R2Z R o R L SPARK GAP ! | —
| (=
| &4 g4y A t38 A fa9 A s 920823 | I
d . HV BUFF QUT , |
252! [ REF CUM t 1
19¢—— KR SINK 7 t :
F
BXTREF L0 1 6 ; | : :
' L SFA LS R 150 LW 17 L
1 1 rd
5 53 R83 lﬂﬁ% i ]
b .53 o508 o M 10 i | c
Yee K2 35 | [
(] 07 - i H i
% I ! ; | i
(rig f agoy L.t
RDI 315
{(2Di > |
316730 ] A ! | A R R —
Vee K2 2 Pd g olfag o +ey [ ] & JUMPER w .m% JUMPER
|
54
£43 £48 £49 t44
———t‘c_——ﬁ?ﬁ o E40 f
ojeRD2 (Ri3 T émﬁ : NFICURATION A SET OF 1 RESISTOR
2o
3167130 £39 +IBY |
! R26
- O e [ R22 ~ 893M  R2T 3
7102 : CR20
kAL SOURCE € Flol R34 0l : JUMPER o 0% o FSY o
EXT REF HI /T103 20k iy R | PART 43 EAS £49 44
L T ' 37 CONFIGURATION B SET OF 2 RESISTORS
RATIO S ’ : REF 0P AMP +IN : N
[ Ir
x10 AR ANER: | b R22 R26
PART OF T T ' REF QP AMP -IN | L o 4:495M 4‘4?;,* ,%7
p IV_REF 4% ) v —
Fa ;EF BRIDGE CAIN QUTPUT M 1 O—~M—OAM—O) ©
Ceé } E4> tas £49 ga4
PO REF BRIDGE GAIN QUTPUT ‘
¢ +5V BS L CONFILURATION C SET OF 3 RESISTORS
PROPRIETAR# NOTICE
THIS DOCUMENT AND THE FECHRNICAL DATA HERE-
ABCRATORES. e &'SiEEfEﬂ‘BT’%w%B# A
b Vo B b it T SCHEMATIC -
RO e T A PR e e U MAIN LOGIC & INTERCONNECT
MANUFACTURE BY ANYOME OTHER THAN DANA 5'00 AF
LABORATORIES, INC. THE :NFDRMATIDN HEREON
'JZSVSEE} c%zi%%z%:%i&%%&:{{;ﬁéﬁgg T T I L) oy
EVALUATI B
SEESHS A S e PhaSoc D} 21793 4321031 J
NOTES: UNLESS OTHERWISE SPECIFIED FROM DANA LABORATORIES INC. S T Toee T o 5
s 7 6 f 4 3 2 | 1




. l 7 | . l s s I 3 l 2 I !
—_— T
PART PART PART PART
v OF OF OF OF
¢ Jg 33 38 35
22 s T T =48
< FILT PR I
|0K o ce ] ] |
| | |
i { |
Lo
v | I |
e mé 222 ! : |
| !
2 741500/ . 10€ R B
10K — 1 | | I
OC | 500 ) vt VIH L )
___/ 741884 Y2} R
Yee Yy|3 y |
i 1/ 0 Y4 RD4 Pl
B A A T e |
1ol V20 ol2 A 11 M RDS —B5 |
5], 74193 g/ e Yle RDé L ba
9 A Ni E) P J P :
b L3y 7
o/L AUTO E ° a bl o | !
(4B » v 3 4 ] (LR 5 u 4 t 1
$10-B ce qt 74150 1 ! !
—ﬁ 2"9%%5 3 ur TN ‘ b >
S
P’ 4lu1s & T Vee |5 8 F '
3oy S| 744510 - \0 [ 5
aay o STE T . AUTO s UPRANGE GATE 3 2 |
¢ S10- oy *
ce SI0-A | 4 10K : OPTTMIT | - (3(8)
- - - - |
|
[z |
2 I
" " 3 o DOWNRANGE CATE ) F
! —ui 1741500 , 12y 75T g2 lor & 3 l
741500 -l b
Vee Ve A Vee ' DW ILf W2 [J_H-LSIO )S 2 I
59- |
741574 oK
1 DWN » [ 10, 8 Ul 53 4 DOWN LIMIT > (38
e $9-A 10K ui 4|7aL500 (LR |
oK o 9| 741500 3 ]
,sj_% UPRANGE CHANGE DELAY b
. |
A 5"5" Y ) Ve | 10) !
4 AR2 2 1 w2 RD? ly
v 10 >
e Vee N RIG RIS, JpHT > XF$Ra Lalmisos e RD8 L
) UP RZ 13 —fuz 3 384 0K seee A REE I4 v23 4 ‘
A Ty R vz 1| 741500 pb— 53 o Jow ek A ‘
10K o 12| 741500 TALST4 M |, |
0L k [ [ ;
| ki i 4 R ax ;
‘Y Lo, g & i LITE TEST . i i) |
a Uz ul ST-A v4 '
9741500 5| 744500
- ﬁ? | FQ HD) (488)
REF: RANCE SWITCHING ASSY 4039329 _\_‘L/, A T FQ (LO)
R07 -— ——— i (3t8)
eco-BIL LITE TEST & | D
o/5-8 Es © RDE Lz24
GLh»—s2s
Beh 058
4Bn et
PROPRIETARY NOTICE
THIS DOCUMENT AND THE TECHNICAL DATA HERE-
ABORATORIES, INC - AND SHALL NoT, WiThouT
s VT oM FERMISSION, OF (QANA 1280, SCHEMATIC-
B S MAIN LOGIC &INTERCONNECT
MANUFACTURE BY ANYONE OTHER THAN DANA 5[00 AF
FAS BEEN DEVELOPED AT PRIVATE EXPENGE, AND
o e | T o o o i
LA, ESATON, X8, Slten o D|21793 4321031 J
NOTES: UNLESS OTHERWASE SPECIFIED FROM DANA LABORATORIES, INC. i SCALE Teneer g o 5
s 7 6 | s t . 3 | 2 | 1

6-9



s | 7 | . 5 v . | 3 2 | 1
.
COUNTFR & CONTROL
U2 ) 4 U3 U7 PART OF
741500 uz 74490 _ 74875 " Jz
5| 7ALSK ik Qpf3—Zja g fte ©- P
P THRE] PIF E2l 5 »20
B| = B \ P
T R L6 »10
53 o2, 7h QCD 9 095 51
0 (LK hd
T4 0/5-A -(4C8)
USN\_ 8
9 415 +10 CLDCK > (4D8)
9| | Veo
(20 TP IHT 0
mu 8 : F4]
.; | b
201y T TNT 2 s
}
s U3 g
2 744P0 13 ‘ Cext Rexr!
___] 45_9 3 us 1] U8 [ | A
REF_INTERVAL 13) 3 12} 781500 #1500 Ul
40 o we i 2——, " el Vil Vee |23 R
FQLO) 12} 741508 li 4 N E]
(8 741508 21 B v \8 BC%ESE R
5 10 741500
| \ \@
N/C 04>
Ve ,
v
acn »0G INT RI0 &
4p1) o NTERNAL RESET (AZ) 10K 2io
- AOLh 12]5 P57 41
J2-4¢ 0 s 8
g - 30C T Wek
741574
rJzoz 1 Ve cLliz3
2 |
3 ]
rnovmz_m‘upxg
THIS DOCUMENT AND THEJTECHKNICAL DATA HERE- N
ON DISCLOSED, ARE PHOPRIETARY TO DANA
ESeaces Mol renibelOn b Pt Uiae SCHEMATIC -
4 RHOLE o8 iy pas, SPERED 0 3oL S GLGTA MAIN LOGIC & INTERCONNECT
MANUFACTURE BY ANYONE OTHER THAN DANA F
LABCRATORIES, INC. THH INFORMATION HEREON 5100 A
HAS BEEN DEVELOPED AT|PRIVATE EXPENSE, AND
BALUATION UaD, FOR | INCORFORATION - T 3¢ 1000€ 10EAT N0, [ W 40, L
| v B AN B3 ShoSoch D| 21793 432103| J
UNLESS OTHERWISE FROM D. LABO! 'ORIEp, INC, & l [m T of 5
s 6 3 4 s 3 1
6-10




s 7 | 6 1 s v 4 \ { 2 | |
COUNTER & CONTROL
& %
i
La |
TP2 23 5 ST ‘~
_ T " 2 1(55( RIZ 1% is ]
J329¢ 10 L7 1K iy PART PART
LSl | 0 | oF OF
eI —=dua N\ ; AZC i
__ﬁ?i _ﬁcc 7ALS\0 :_ P
C ! |
6 (AZ) NTERNAL RESET | .
10 L L1 eyam
12[5PST RESET Yoy
ul. us | +1QV i
K 55K5?4 o | R24 : :
L 1
o0 S e @ j 10K o Lo
1 - L i
I Is 123 4 a3 & — F
=V o mp Vs TESTWp 4 * ¢ REF INTERVAL P
. \ BUAKp2- fa bt ey
(301 ) 210 LLOK e 0P Ié @ Z[PST oS | Lo
- _ )
acn =058 LiTRINGFER 3319 Qg U\ o 3y it P
MUX QSC i e 3! 41781500 P T BLST4 b
(381 oM STEP Qe 33 1 y ale 3 b
+ ce | _CLR i
N Ny Ny Ny 0, 0 O 0p 0 +2K 0 g 7 +RD '
WG 0 BU U@ . L
i |
] 1
o 30 I Fafuo 4 )
174150 O s -
T.07 $ID t_La
2 0 FGiHn 13 [
LTen Uiz A\l * d | b
goopr | 13/74(500 | s —pi9
' ] I il 1 -(388)
i i G L
0/5-A r Ve :
(300 = A
741574 £10 ’
8 PLUS POL )
Y © |
e eLE i U ; A 20 !
(2Anm—LR.00) S HyAase0 L (208)
FG.(H) G N | ' (388}
2Bh oL T
. " 208
L XA 5 4 (1A8)
03{0)22 :
O¢ mc.;z L
5 P3
V_D,.©E| ;
A NI |
N\ : Qe L
— »N‘@E% —— B2
TR Y S AN
PROPRIETARY NOTICE
Sy speme e e Tecmmen, oo e
ESRER ATk BeAsion b B SCHEMATIC-
N WHOLE ‘OR /N PART. O USED T0 S0LIOT QLOTA MAIN LOGIC & INTERCONNECT
TIONS FROM A COMPETITIVE SOURCE OR USED FOR
MANUFACTURE BY ANYONE OTHER THAN DANA 5|OO AF
LABCORATORIES, INC. THE INFORMATION HEREON
HAS BEEN DEVELOPED AT PRtVATE EXPENSE, AND r—
BV UATION. CARD. FOR  INCoReaRATION TS $Z¢ COOE IDENT o[ DWO 2. L1
| A D| 21793 432103 J
NOTES: UNLESS OTHERWISE SPECIFIED FROM DANA LABORATORIES, INC. ﬂtﬁ IMEE'I’ 4 oF 5
s 7 | 6 5 f 4 | 2 | 1

6-11



s | 7 | ¢ | s v s 3 2 | 1
5201
1I5¥  (LOC.ON REAR PANEL)
] ] 7
‘ 2 B
230V 3 ?__?5
f o7 £34
| OLTAGE
B 90T TR e o
+ RI3 E32 J3
REF) i =33
l__T'_? 7 3 4 _6_1 3aov ‘Mob._ é—:-m
i 7| 33 SR ©&—5
! 3[00018|3 10 350V é
2 : " INAOCH INGOD4 E35
J20t £201 £36 i v
LK 3¢ l —-Vee
L (1—51 ® C
: N0 } oL Jer V2
| [ 35y 1l Tasv
0 5 4 | i ARZ |2 -
: Pwh B = 0| 7905 -5v
i A ﬁ ? | Av/3
| 4 : )
J WHT 2 | =7
T ~ , o] 5 [otso
' €33 | (34 7 : B E?o?’
: R0l .00 | o4 5,'7% + j{l)a or
| 500¥ | 500V : 35V RED Y fgv!s A -fozl
: , N9618 T 3sv
Y £ 85 Ldq i 5 Vi V3
E& © i : T ~17V (10 U0-15)
cmrp O— OES52 | YL W09 2020 (400
Jis Q53 ! . T asv%z
! ARG —'2 P
: yA7918 - -8V
——T0 FRONT PANEL OVERLAY K
HSK AR3 7AR4
POWER DISTRIBUTION
+18v | +iov 118V 11 V2 V3 (V45
J2 9 18
J3 (28 [ [R7] 3 Jze |20} 22
Ja | o 7 1 8 3 2
JSimi el |, 3
50 23 7
7. SYMBOL /! DENOTES REF GND(MECCA) ES
w2 ANALOG GND
73 REF GND
Va DIGITAL GND eROPRIETALY NOT!
A\ R22, R26 AND RZ7 ARE FSY SET 020688 AND MAY BE THS DOCUMENT AND THE[TECHNICAL DATA HERE. :
CONFIGURED AS SHOW IN AS SHOWN A,B OR C oy
A\ SWITCH $4 1S INOPERATIVE ' EXERT Ao e Aksion OF  DANA_ (A0 SCHEMATIC-
4 ALL SNITCHES AND RELAYS SHOWN IN DEENERCIZED POSITION MAIN LOGIC & INTERCONNECT
3. DIODES ARE IN3KB 5100 AF
2. CAPACITORS ARE IN pF SIZE [CODE IDENT NO.[OWG NO. REY
1. RESISTORS ARE IN OHMS, £5%, VAW D| 21793 432103 J
NOTES: UNLESS OTHERWISE SPECWIED
_ —i imeer 0 o o
s , 7 | ¢ 5 3 2 1




PROPRIETARY NOTICE

w5 DOCVMINT &ND TH TECHMICAL OATA WRASCNK
D'SCLOMIO ARE PROSHIETARY T GANA LASONATLAISN,
IME AND BNALL NOT WITMOUT EXPRERE WRITTEN
MISION OF DAwA (ASCRATORNIE NG U . an
LIARIO OR D/BCLOTID INWHOLY QN 1N PAART, OR USED TO
BOLICIT QUOTATIONS FROM 4 COMPRTITIVE SOUACE OR
USIO SOR MANWFACTURE 8Y ANYONE OTMEIR THAN
CANA LABORATORIES. INC  THE (NSQRMATION WIRION

ONLY B1 USEC POR PURPORES OF ENGINEERNG BYALUA
T10% AND POR INCORPORATION HHTO TRCHNICAL $HICI
SCATIONE AND 07w R DOCUMINTS WiCH SPICIFY PAD.
CURTMENT OF PRODUCTE FACH DANA LAGORATIAES,
3

CUT KIT EXISTING COMNICTOR
BETHEEN ANS C 4D —~___
| [e=F aerwewawseer

OSMN gy
ozsmax -

L.l
VIEW C_

CIRCUT SIDE SHOWAN

R34,R35 4 R37 ARE A MATCHED SET 010G18.
R47 4 R4 ARE A MATCHED SET D20675.

COMPOUND 70 WASHER PRIOR TO ASSEMBLY.
O, ), RES APE PART OF LO3%42 Zan/er K17
SCHEMATIC BEF 232/04.

CALACITOLS ARE I/ vl
RESISTORS AL M/ CHAIS, L4 W, S %

el B

NOTES: UNLESS OTHERWISE SPECIFIED

CUT QUT EXISTING CONDUCTOR

INSTALL Q3 # 35 SO THAT FIRM PRYSICAL CONTACT WITH
BeD WASHER 13 HELD BY HERT SHRINKING OF TUBING . APPLY THERMOL

SEE DETAIL 8"
SEE VIEW € FOR CONDUECTOR
MODIFICATION QN LIRCHT SIOE
GOO 78, 2205954
TELM LPOST LABEL
REF.
@ 7 BLOOBo

R 31(R33(53

g
3

o3

\oooooQ:

920482 SOCKET 8PN
3 PLACES (ARZ,AR3, 4R5)

500100 SLEEVING
3 LEADS

630007 BeD WASHER
92046% THERMAL COMPOUND

S00008 SHRINK TUBING

6107234 STANDDFF
2 REGD

DETAIL A

\- Q1071
PC.

i

1GOO/4S JACK HORIZON TAL
‘ 2 REQD

I

GAO787 LECELTACLE
| 22 REQD
| SEE DETAIL'A”

LPC BOARD Assy

LEFELENCE ~/50L4708
MOLEL BI00AF
SIZE |CODE (DENT NO.| OWG NO. REV_]
D|21793 40393¢ D
ScALE 271 [sueer / of

6-13




PART OF
oy _FRT_PNL 3ERQ POT

REF.FRONT
PANEL ADJ
R32 20K

—ped

S

51 FRT PAL ZERQ POT
{

| INPUT CLAMP

vy

RI4
FSY

RIS RO
S33M 3.2M¢

ISOLATOR

ol
>
=4

§
i
[}
§
i
|
|
t
|
|
|
251 150 1h A
I
t

A w— —— T — ——r i w—

i
;

—_— .

| CKT (8 Ros
I | 02 33
R
300 ' p" 208%01
: e I —— T
|3>l——o+18V I al Q2 I
10>+—0 +10V 7
44! REF CND | |
A I - S = a2
1>r—o-18y l | :
: l I —1-——-;—‘—-
: | |
! b——— l -BSV
: =1COIMPF I
: | BOOTSTRAP AMPL
l e
T

I—

/A ZENER REF KIT 403942

A\ MATCHED RESISTOR SET 020675
4, TRANSISTORS ARE 200200

3, DIODES ARE IN9IEB

2. CAPACITORS ARE N pF

NOTES: UMLESS OTHERWISE

£\ MATCHED RESISTOR SET 020678

I. RESISTORS ARE IN QHMS, 5%, 1/4W
SPECH¥ED

NT AND THE TECHNICAL DATA HERE-
OSE R

2 | 1
PART OF

P5

<4

I

I

|

I

!

f

i

]

]

=17

]

)

J

]

)

|

I

i

)

]

{

I

I

|

I

+< |
SCHEMATIC -
REFERENCE ISOLATOR
5100 AF ]
D|21793 432104| ¢

Iocue —— | Iguger | or 2

| 2 I '




. | y l . | ¥ s 1 3 | 1 1
L
IDGE AIN QUT! c
— — —— — — ' t
[———— —————————_—__'_—_—_——_I___—-r +18Y I
REFERENCE CKT OHMS REFERENCE \
l - | BUFFER AMPL | | s | |
I ] !321 || | 20 | ! :
| I 220k | ; !
| 1 | TERMINAL | l |
Ry <, JR33 [ |
| B | b e | NeOTO L
A | CLAMP | . !
SR14 A ‘ I CKT : \
" B } ikl ' | I . PARTOF |
s REE QP AMP - 3 L (KRI+IOV REF "oy !
o | | R 1ol n' I
e-BEEQP A 4N | VOLTAGE IR
| 3 | PROTECTION | | b
25,9875k | ! !
m | Focaalial o
| e a3 : | e | I
. ‘ R22 Lo
3 > t
|y I*ﬂr%s i, | | Pl
35-19¢REE COM i_i___________________L_____________i__ ————— REF C@L—Tzo i
| ' !
l ail ! '
[ | Shes o I - :
A I P :
| & | IR
| REFERENCE ZENER I Lo !
LCURRENT SINK __ REF. BRigce ! |
F

REF BRIDGE CKT
SIMPLIFIED DIAGRAM

- NOTES: UNLESS OTHERWISE SPECHIED

+iV REF

<18

PRAOPRIETARY NOTICE

THIS DOCUMENT AND THE TECHNICAL DATA HERE-
ON DISCLOSED, ARE PROPRIETARY TO DANA
I.AIORATORIES INC., AND SHALL NOT, WITHOUT
EXPRESS WRITTEN PERMISSION OF DANA LABO-
RATORIES, INC. BE USED, RELEASED OR DISCLOSED
IN WHOLE OR IN PART, OR USED TO SOLICIT QUOTA-
TIONS FROM A COMPETITIVE SOURCE OR USED FOR
MANUFACTURE BY ANYONE OTHER THAN DANA
LABORATORIES, INC, THE INFORMATION HEREON
HAS IEEN DEVELOPED AT PRIVATE EXPENSE, AND
MAYONLY BE USED FOR PURPOSES OF ENGINEERING
EVALUATION AND FOR INCORPORATION INTO
ICAL CATIONS AND OTHER DOCU-
MEN‘I’S WHICH SPECIFY PROCUREMENT OF PROOUCTS
MMNA LABORATORIES, INC,

SCHEMATIC-
| REFERENCE ISOLATOR

" 5100 AF

D

SIZE |CODE IDENT NO,

21793

432104

SCALE

$ .

6-15/6-16 Blank






s | / | v | 2 v - [ - | | !
E
|
3
o aNE9 YoV RSTALLLD W TEST D
Pl FLY PROCLDURES
IO 709
% W N S [FoV 604K NOM BUTTON
N \\: N . 9 N MOUNT FLAT To FCE(CT) 2 REQD AI
N ¥ S ves ) ; ol
SLRY NN ?50(/ 1ok 7y Sl
i L !
| L1} | #23]) | # E’é\‘d el 908z BELETIN -
?Si o Q.‘ix'(\.‘ ¥ / § ~ "\'lgﬂ‘ SRERD
A & RIS LL L N (s S e g
) LIRS [ £33 RN e
3 5 T RIS || RURRER |
s > o N 257
A%@ég/g%lff < I 200248, il TT71] N [é T T4
£ —/Q . X 200 NS §
524555 @ syor "32:’5 § S AR3 Y RS |
WIRE, 24 GA TEF. GRN i | @ A e | é&%*(@ 355 ) B |
BACK SIDE) [ N AN RV o 0y S i
_/ o I ri' E\QI"\Q Ul ur U4 UZ 3] sov % 8“|§I <77 F !
600766 V] mm N X[Vl X 2016 A /o 1o 4O/, T| METAL T 324111 < !
TERMINAL, TEFLON N \<§ N R NEEI RN oLy Y %50 ) R <
5 PLACES Slz| migi ™ ‘ 9l 1Y © [ 1 ol =
S | ~ AT NI
. R % e W = AT &
833 % s R 7T
U000 00000000 D00 C00O0Y - % ssdy (00
INSTALL INSDLATED Nge -
JUMPER (600245 REF) ° a 3
3 8t
g ES
GOOMG JACK HOLIZOM TAL
/0762 REQD
REMOVE CASE
ON 600i49 IJIACK PC BOARD
GOV 787 KECEDTACLE
. 2B esqo B
COMPONENT SIDE SHOWN deE DETAIL A"
1
LOTE ORIEMTATION
OF DU TTMT W ATF.
0 EDCE OF PONUD !
. , PROPRIETARY NOTICE
"D/_E //l / L" ’{1— %E;é:&gg&:%’g ?'&QE;HEESECRF;EE‘%: %WATE%%? P [ B 0 AR D A S S Y A
. INC., HALL . WI
[INVIAX. COMPONENT HEIEHTH T0 BE -6 e Ry ~
(@3, B4, ARl ARZ AR3, AR4 #ARS) !r'fomsog'no%l A COMPETITIVE SOURCE OR USED FOR 0/6-/77251?
/ ’ ’ ’ MANUFACTURE BY ANYONE OTHER THAN DANA 5/00 BF
3. REF SCHEMATIC 432105 LABORATORIES, INC. THE INFORMATION HEREON /
2. CAPACITORS ARE N pF R e R el =
L RESISTORS ARE IN ONMS, 5%, 1/4W TECGA oS A PTFSA S D] 21793 403935 L
NOTES: UNLESS OTHERWISE SPECIFIED FROM GANA LABORATORIES, INC. scale 271 ] [sneer | of &
s 7 6 5 !. 4 4 3 I 1 617

y



[ |
e e e e e e
+Igv REFERENCE I BUFFER | INTEGRATOR |
2 SWITCHING |  AMPLIFIER ©®
PART OF SHk | |
Z4>:_1»1V REF 3 4l g 0 | | @ T?B |
— + R23 W R25
-FD_FWD
3 0|
2>t—o N mﬂsv | II P QI +10V zsok{ I ca‘i«?xlv 'uow |
15> u oo hod 3l gos o 40.2¢ 0.3 [ * " Tpl' CRBS 2t |
' s I Anz nd ) R22 c8 ——— i
4>y £ Re3 | 182K 33 Rrs
REF GND (MECCA) *'S—‘W" (R9 al | NULL DETECTOR
bl 3 & T | 001K | 200248 -
repl ANALOG GND 210 sov | | e ?K . I RV
o) REF ON ¥, 8 yac 124 1 2n 12 ' | v3c | e ra3 | e
I i I | v 20iz4e e 7 pit| I *aR4
oy =5V 3 3 10K |
[2g, [ | (T 4 @_
! |
O>+—o-lgv | R24 R76 | B
A CRI4
— ! LeU1,2,3 PINT 1oV ' +FOFWD [ 7200k SV *
25 HE LN Y y3a (2 6 ALY ::5064 T (604K NOM) |
s -
!
@ ' _gp | W CRi
\2>s—280 4 | 20K gag 180K 3
c|¥ 2 A via @ﬂ wo it T | I8V R 7 | sras Res oK
: 2 c? R I g T | leo
' I )’
O o o L A UNKNOWN | Bag oW Lo | I s
: " | iov MEASUREMENT | Y i |
CRS Vs
4 N45SB 5 e I
oV TV
i DIGTIZER  °§ * ! T
2 SH
i SWITCH |%:< 5k 315K |
B I DRIVERS to J+ e |
, 1
)
oF va
e (91—l '{@e 17804 !
N l
us
o zo~' AZ "5}3 |
—_ 6 2t AZC |
RN SEINE GINSEE SENEDR GIERS GEIIE GEEEE GEDUE GIIINE GIINSY SEEND SEEAS GEMES GMINR EEEES TSNS GeAnS Gt eseas enses of
PROPRIET,
THIS DOCUMENT AND THH TECHNICAL DATA HERE-
ON DISCLOSED, ARE OPRIETARY TO DANA
A EXPRESS WAITTEN PEAMSION.OF DANA Ao, SCHEMATIC-
RATORIES, INC. BE USED, JELEASED OR DISCLOSED
IN WHOLE 'OR IN PART, OR|USED TO SOLICIT QUOTA. DIGITIZER
4 UL, U2 ¢ U3 ARE CA4QIGAE BILATERAL SWITCHES MANUFACTURE 5. ANYOME OTWER TMAN DARA 5|OO AF
3. DIODES ARE IN9I6® HAS BEEN DEVELOPED A\ PRIUATE EXPENSE, AND e —
2. CAPACITORS ARE IN pF EVALUATION. “ahD. FOR| INCORRORATION - N0
. FICATIONS AND OTHER DOCU. D 21793 432105 H
" RESISTORS ARE w OHMS? 15 /" 174w LEE‘I:‘TSWC‘H%CHS;;E(I:IFYP UREMENT OF PRODUCTS
NOTES: UNLESS OTHERWISE SPECIFIED FROM DANA LABORATORIES, INC, SCALE - 1 F 2

; | ; | : | = f : | , | = | 1

6-18




. | 7 | ¢ | R . | | i 1
j
I i
I !
PART OF HIGH VOLTAGE BUFFER AMPLIFIER | ATTENUATOR VOLTAGE DIVIDER
0 f ATTEN IN |
451 _*+300Y i
|
1
| |
|
i I
| ] I
|
| Rig pl’lp PART OF
' N2 SRi4 DO SRE SRIB | ! Hy, BUFE uT F2,
| FSV $20K 20K SFSV I |
| - i 1 | 1M ADJ :
f
AR R37 R39
i c4 R M3 | 92.9x 200 ] i
: p| 047 470 |p T I Re | I } l
—_——— | |cA3086 i
' N IR s | U || |
| . .
; ¢y SRI3 RI9  SRT  MOS-A42 I3 | |
, | | To00 $Fsv FSV 100K R3) ,
(JUMPER NOM)| (JUMPER 240K
) l 200129 (200029 e v |
t
' CLAMP s | |
! R —— _ 8 _ Qi i
: fiazreF , WPS-A4L 12 | |
|
! | CA3086 | ATTEN QUT
, U R73 R32 |
| - —f—— 10K 240K | 1K ADJ
| Al SR3S
| 343K
5, =300V |
’ l
a4 ATTEN COM
i I
I o n
| ] <, X\ 2 K3
|
' | Rl £R2 (R3
6RO i
8> _RD8 ¢ 310138 310138 310/38
T RD3 | :
7> |
l
619 tlola I ?
a L
N PROPRIETARY NOTICE
i M ON DISECOSED, “ARE| PROPRIETARY 10 DANA
13 EAPRESS WALTTEN FERMISSION O OANA' (ABO ! SCHEMATIC-
/] LR s DIGITIZER
L
TFEET° o AR KR ol00 AF
'@ G e ——
TRANSISTOR ARRAY o e N , D] 21793 H
NOTES: UNLESS OTHERWISE SPECIFIED FROM DANA LABORATORIES, INC. SCALE | ISNET 7 OF 2
s 7 I 6 | 5 1‘ 4 I l | 1

6-19




PROPRIETARY NOTICE

TN BOCUMENT AN Twe TECHINCAL DATA MATON

any 10 Dana 3
NS AND BMALL RET. IITHOUT §XPATSS WRITTSR PER
WEHION OF BANA LASCRATONIAS, WiC. B4 UMD M.
LEASED OR BECLOEES M Wei0L T DR 74AT. OA LS4D Y0
SOLRIT QUSTATIONS SROW & COMPITITIVE BOURCE OB
VSIS SOR WANUSACTURG Y ANTORE GTHEA Than

e g, v wenson

MG SEFN SEVELEPES AT PRIVATE ENPINIE. ANG MAY

ONLY 58 USIS FOR PURPSENE OF $NGMIIENING EVALUA-

TION AND FOR NEEBAPBRATION WITS TECRNCAL IPBE:

PIRATIONS ARS STIUR BOCUMNITS WHCH SPSCH Y PRS-
[ 4 FRpu pana

.3

T - !
!
§ } SEE DETAILL A ¢ WIRING usn)
2 " ( ’:
|
By w1+ *® B m |+ R A A ok e e e e i SR
B E24
= w p+|w
() (@) (@) (@) (=) = wisos )
NPSAE  NPSNR  WSASS  MPSRD  MPSASS —-—820
=E R4 —F
+— RrW |+
IEGTQTDT 4+ R |+
R IR i LN %
16T LED | LED 1 LED 3 LED 4 LED D LED & LED 7 +— RO ua
—+— R — "a 10X
+— R |+
#J‘ \ L AN o/|® o||® e o @ ® 2]
t \ + —
CIR{-zR +— Rb +— R?T |+ +— r&8
viv +— Rb |+ \\+ RZ 4 ~4— & = —+— RO | u2®
= 4 e | B3 — +— wre —+ 7447 | 2445
_/ +— RE B o IS e o
/
210082 LED 210074 LED ‘ 410705 BC.BORRD
& PLACES
NOTE LOCATION OF ALL
DECIMAL POINTS BEFORE
ASSEMBLY
-'%QDM__..I ‘—.—_yl_— 775 NOM‘ ,/ '
b | .34 —
DETAILIA
{SEE WIRING{LIST)

b RACTORY SELECT VALUEIFSVI OF AL LED DISFLAYS O THIS ASSEMBLY 10 BE
OF THE SAMIE LUMINDUS INTENSITY CATEGLORY, LED / MAY BE *] CODE
LETTER FROM LED 2 THRU LED &.

5 QI-Go JOBE WETALLED MAY .30 4BOVE PC BOARD

4. Re THRU RZ5 ARE 47.n. DISPLAY ROARD ASSY.

3. REQISTORS ARE IN OHMS, 5%, AW. g}

2. SCHEMATIC REF. 432076, VODEL 5100

. ASSEMBLY PROCEEDURES AND PROCEQSES TD CONFORM TD DANA SIZE |CODE IDENT NO.| DWG NO. REV
WORKMANSHIP MANUAL . D {21793 4038355 D

NOTES: UNLESS OTHERWISE SPECIFIED ! soait A71 T T 1 o 'y

6-20



DIGITAL DISPLAY SELECT GATES

£5© g“

3072

20 OC

I GD

E4Q—E

A

v
23—
LO\r’rc

£17 ©-LIEITAL GND
4 Vee

1] i
9
7

(4 © Rl 15 AV“ 7

B0

‘;_]2@_5;}_____5
!

;

RB SR9 %'mo
6 [ 12 Tia 6 FRCRITY ¢
LED 4 LED S
1K 160
TT3BF R NECACRAE WESE
£0@-PUS POL
£1l @-MINE POL
R |RifR4 RIS [Ric [Ri7[Rig
i3 Lz L Lo ls Ls Lig '&5
a b c d e f 3 3 1]
RB IN I3 TP G
Vee 7447  BTANKD 4
A B CD CND
TRk |8
@\EE@ 4
(30
Qo
O e
£200-
om@
£18Qr
LUGr
L2©
T190—— —

X

3. Q1-Q6 ARE MWP5-ASS
2. RG-R25 ARE 47 OHMS

I. REQISTORS ARE IN OHMS, 5%, I74W

NOTES: UNLESS OTHERWISE SPECIFIED

THIS DOCUMENT AND THE TECHNICAL DATA HERE-
ON DISCLGSED, ARE PROPRIETARY TO DANA
LABORATORIES, INC., AND SHALL NOT, WiTHOUT
EXPRESS WRITTEN PERMISSION OF DANA LABO-
RATORIES, INC, 8E USED, RELEASED OR DISCLOSED
IN WHOLE OR (N PART, OR USED TO SOLICIT QUOTA
TIONS FROM A COMPETITIVE SOURCE OR USED FOR
MANUFACTURE BY ANYONE OTHER THAN DANA

BROPRIETARY NOTICE

ONLY BE USED FOR PURPOSES OF ENGINEERING
EVALUATION AND FOR iNCORPORATION INTO
TECHNICAL SPECIFICATIONS AND OTHER DOCU-
MENTS WHICH SPECIFY PROCUREMENT OF PRODUCTS
FAOM DANA LABORATORIES, INC.

SCHEMATIC-

LABORATORIES, INC. THE INFORMATION KEREON [

HAS BEEN DEVELOPED AT PRIVATE EXPENSE, AND |
MAY

432076

o 3

. I

f' 4

JemerT 1 oF |
|

6-21



SEE VIEW 4"

630007 SPACER

SWAGE ON FAR SIDE .
&IE050 SCREW 4-40xi16
DETAIL A 61707 LOCKWASHER %4
EEEE—— TYP 3 PLACES

424037 BOTTOM SHIELD /._454034, TOP SHIELD
J

e —— / —_—
oI s i I ™ i (]
<

| ||O NOI
100,F u 0 I e J
5 1 u X 3
@ o [ B o R
m | €118 290pF al B
_/ ] '
MOUNT €I ON - m
A1F OV
NARROW EDGE ] o | _-LSV E PI. [ |
Dl BV 4G 4nom. g
N4248 BEDuF 3-
S @ ) H 1—C
T \ D [: B oy 8 2 . i
_/ ]
SPACE Ri I/8" U 92 2
OFF PCB OCKET }
sEE view's" 4.10124 PC.BOARD 310138 RELAY 60078) RECEPTACLE ! 600149 JACK (BLUE)
IPLACES (SEE DETAW A) . 3 PLACES
T PLACES
|
:
——-1 ’-—- 100t .050
|
asg
xS cLie -rus‘. MIDDLE
B T LEAD OHF
7 [
. VIEW "8"
VIEW A
PROMRIETARY NOTICE
& cur caeefonrree) opo orF s 46 R P.C BORRD ASSENELY
3. RESISTORS ARE IN OHMS £5%, VaW. e e e e e S AC AVERAGING CONVERTER
2. SCHEMATIC REF. 432093 o St e MODEL SI00AF
. ASSEMBLY PROCEEDURES AND PROCESSES TO CONFORM TO DANA LY 41 At 1on Fonrcnts O Amamettama buarin SIZE |CODE IDENT NG.| DWG M. REV
WORKMANSHIP MANUAL . Sk ot 1ok ocvamTe s v o D| 21793 403905 p
NOTES: UNLESS OTHERWISE SPECIFIED e
scak 2/1 [ Iseer | of =
6-22




s | 7 | 6 s . 4 3 | 2 | 1
|
|
|
[INPUT NETWORK| INPUT | Il ;
; «  |PROTECTION I
| 65— 11 CLAMP | |
e v | L
ool | PART OF
PART OF | o M s | LA I R | eoureur Rt
S AC WeyT |7 A | I I 100K 1 c1y I e !
g T .?-M.___‘ I 5 CR9W| g.m :
| 1 1 200199 l ' | !
91— +18Y | § S WS- l |
K3 K2 K — e e 57k | |
mr GND ’ms | R/C !
Q? Lm 49% wel | FILTER I '
7>4—° -18v B I Aok ek TFSY [nes I | !
I | 20 {1 6 g7 L08 Lee Sroe P. [ FEW - l | | :
) | TR TR TR TR T e | I
! T.ol (84.5 2 Len
| S 5% NOM) 7 ©-%F NOM) TEY g RANGE | | !
! | FSV pF R23 RY SCALING | |
. ahs % 00 “ NETWORH | |
| — e —— — _____-_:_.____________-_ — w—— — |
S —— — a_l
o RANGE RELATS l I RZ | !
3,7' K3 K2 A l I | _ %JE' {; —OUTPUT !\
|
(RS (R& RIA | 04 | o J.cn 6
6> R0 | s X | | I’::no" 33
" 1R0S 30738 Woie 310738 I | %%ISK | 3 ']'cv
L1 RD4
45 — G
IOVER |
VOLTAGE |OFFSET l
|PROTECTION i
—— s s weden — e —
i
H
i
PRQPRIETARY NOTICE
THIS DOCUMENT AND THE TECHNICAL DATA HERE-
ON DISCLOSED, ARE PROPRIETARY TO DANA 1 ;
- SCREMATIC -
4. TRANSISTORS ARE 200200. I HHOLE o PART, O US€0 Yo oLt QUoTA AC (AVERAGING) CONVERTER
. MANUFACTURE B8Y ANYONE OTHER THAN DANA 5iOO AF
3 D;ODES ARE ]Nelks LABGRATORIES, INC. THE INFORMATION HEREON
o HAS S8EEN DEVELOPED AT PRIVATE EXPENSE, AND SIZE [CODE IDENT MO, REY
2. CAPACITORS ARE I F R e R T
b TECHNICAL SPECIFICATIONS AND OTHER DOCU. D 21793 4 32093 F
I' RES[STORS ARE W OHMS' i.s /‘, I/4W MENTS WHICH SPECIFY PROCUREMENT OF PRODUCTS
NOTES: UNLESS OTHERWISE SPECIFIED FROM DANA LABORATORIES, INC. , SCALE TsHEET | OF |
s | 7 | 6 | s s 4 3 | 2 | 1 623




Z 0 _h-_ﬂza_

7% v

g b2bf0P £6LIT |D

‘ON DO ['ON IN3OI 30001 3215

4v00I1g

'ASSY ONIHOLIMS 39NV

13%208 91 Nid V!

A& pelo26 I/
d rm_.a_el/

N

QOSWL
n

QUSTL
n

Q311034 ISIMYIHLO SSTINN STUON

101y IONIHAIM DULYWIDS
MYA /%S 3/SAHO NI v SHOLSISIY TV
AR/ 0% A NI 3HY SHOUINEYD T
"R10 3¢V S3001Q TV

2
e
k4

6-24




T % ] ]

[ SNON 3v08

\4 1012V

A3 ‘ON DMO

£6L1T |D

‘ON_IN10I 3000) 3218

4v00IS

ONIFDLIMS 39NVY
=JUWAIHDS

£
SHUOIYUORYY YAVA NOWS LDNCOWS 40 ANBRIUND
DU A 413348 HIM SININNIOO0 ¥INAO ONY INCILYIIS
13308 TYDINNIBL O4NI HOIIVMOSMOIN! WOS ONY NOIL
WNTVAD ONINISNIDNS 40 $3804UNY WOW QBN 38 A INO
AVIV ONY BINBORE BAVAING LV OROIIARD NISE VM
NOTWIM NOILVAUOM! Ini  DNI BEINCLYMORY) VAVO
NYNL UIHIO BNOANY AS FUNIOVONYA ¥Os QX8
WO 3IUNOE FALLILEINGI ¥ WOMJ SNOILVAOND LIHI08
01 035N WO Luve 41 WO 370MM NI QDSOTING WO OITVEY
¥ GIIN 38 I EHNCLVMOSYY WNYO 40 NOISBIN
30 NBLIIM ESBUGAD LNOKNLIN LON TIVHE GNV ' ONI
931404 VHOSY I ¥NYO 04 AWViHiNeOus TNV 019079810
NOBUBM VAIVO T¥IINHIEL BHI OGNV ANNNDO00 ML

FVNL0N ANVININIONS

QI4I03dS ISIMYIHLO SSTINN 'STUON
O0STpL Idw Ln YN i
"R0 IV S0 TV 2

MY %GF/GWHO NI 31V SHOLCIS3H TV €

T

QNOYWS LS

ogd 1 NO

625




=90 | 133n5] T 1/7 3w
Q3i4i03dS ISIMYIHLO SSTINN :SILION
O RLbEOY - omon—w o) ‘QOIZSY TINILTAIY VWIS 1
A3d L A AN3OI 3000} 321S

4Y001S
"ASSY 1273135 IDYLI0A

‘NI ‘STHHOLYHOSY) YNV WOHS
$19N00Ud FO LNINIBNIOU A J1D3dS HOIHM SININ

OLNI NOILVHOJUOINL HO4 ONY  NOLLYNIYAI d J—dlﬁﬁ
ON1HIINIONT JO $ISOJUNd BOJ QISN 38 AINOAYN
ONY "ISN3IdXI 3ivAlEd 1v 034013A30 N33@ SWYH

NO3W3H NOILVAUOIN! 3HL “ONI ‘SIIOLVHORYT QG2
YANYQ NYHL H3IHLO INOANY AR JHNLIOVINNYN

¥04 35N MO 33¥NOS JAILILIINOD ¥ WO SNOIL

¥L0ND 1131705 01 GISN B0 18V NI LO IIOHM Nt

Q3S01ISI0 WO A3SYI T3 Q35N I8 ONE ‘SHROLVY

3¢\ al (2.(0 40 zo.wm_!xw.s wa.:xi SSININI l \m m T
ANOHLIM "AION VIVHS ANY “ONI 'S31¥0IVvR08Y
NI v w0 SIS i iy 308 St
FDIION AUV U0
[Q MIA <@ M3IA 338 )
INOM4 o HOLIMS 125009 . dAL
HOLIMS ‘D74 QLW TR 3%
NO BY3dd¥ LON 007 A0 43y oM BSOS
34V S HIANNN
H
JYIM SN
: RN ] — 22o00s
Gl
co 0z $3C A7 N
I
0 o1
N | e3C w4 }—
13C pld —
13 C r.td §
Qoax 2 @
U315V 2C80
EXOV- l
A300NNLS S 2019

6-26



T % ] 139

[SRON 3vs

v

AJY

00I2%Y €617

‘ON OM0 | ON EN3TI 3G00!

O

ns

3v00Ig
173735 F9VLI0A
= JUVAEHOS

G3141034S ISIMHIHIO SSIINN 'SILON

w—ve wous -

R V10 S

3008 TVINORL BLM NOVAVEOIOON WOS BNV DA
WITUAL DMEEIMSNE vO ERICNNS V04 SION B A0
AVIE QWY ‘DENBANE BAVAKNS LV GRIOTIARS NESS TUW
nOSWBN [T T vwva
NYHL UBNAO BNOANY A® UALIVIANYIE W04 SIIN
WO IIMNOR BALLILINGD ¥ WONS BHOILVIOND 110108
02 OUBN 8O “LUVE e O 3100 1} HIS0IING WO TITVES
B4 0NN BE N SHUCLVHOSYY YNV 40 OSSN
WBa NBLAIM SIRNSND ANONLUS “AON TIWIE MY DN
‘SBINOLVEOBY YNVO Ol AWvilWOus BUTY ‘G801
NOBMB VAVO IWIMIBL BHL ONV JNIRNIO0 Baws

FNLON AUVLIINIONS

6-27







SECTION 7

- PARTS LIST

7.1 This section contains lists of replaceable parts
arranged in the order of the following subassemblies:

Page

Module Assembly 7-3
Main Logic . 7-4
Range Switching . 7-8

~ Display . 7-9
Digitizer . . . 7-11
Reference Isolator 7-15
Zener Reference Kit . 7-18
AC Converter . 7-19

)
7.2 Manufacturers are identified by FSC numbers listed
in table 7.2, “List of Suppliers.” The code numbers are
from the Federal Supply Code for Manufacturers Cataloging
Handbooks H4-1, H4-2, and their supplements.

713 Certain parts having 21793 (Dana) listed in the
“FSC” column are specially-selected semiconductors. For
some of these, standard commercial parts will serve as
satisfactory replacements. These Dana parts are identified
in table 7.1 along with the commercial equivalent.

Table 7.2 - List of Suppliers

FSC NAME FSC NAME
01121 ALLEN BRADLEY CO. 04713 MOTOROLA, INC.
MILWAUKEE, WISCONSIN (Semi-Conductor Products Div.)
PHOENIX, ARIZONA
01297 TEXAS INSTRUMENTS, INC.
DALLAS, TEXAS 05245 CORCOM, INC.
CHICAGO, ILLINOIS
03888 PYROFILM CORP.
WHIPPANY, NEW JERSEY 05397 UNION CARBIDE CORP,
(Materials Systems Division)
04222 AEROVOX CORP. CLEVELAND, OHIO
(Hi-Q Division)
MYRTLE BEACH, SOUTH CAROLINA 07263 FAIRCHILD
(Semiconductor Division)
MOUNTAIN VIEW, CALIFORNIA
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980499

Table 7.2 - List of Suppliers continued

Fsc NAME FSC NAME
07716 TRW ELECTRONIC COMPONENTS 34553 AMPEREX/MEPCO-ELECTRA
(IRC) (Component Division)
BURLINGTON, IOWA ST. PAUL, MINNESOTA
08257 NPC ELECTRONICS 50434 HEWLETT PACKARD CO.
CANOGA PARK, CALIFORNIA (HPA Division)
PALO ALTO, CALIFORNIA
09023 CORNELL-DUBILIER ELECTRONICS
: SANFORD, NORTH CAROLINA 52763 STETTNER-TRUSH
CAZENOVIA, NEW YORK
11236 CTS OF BERNE, INC.
BERNE, INDIANA 56289 SPRAGUE ELECTRIC CO.
(Pacific Division}
11237 TS KEENE, INC. LOS ANGELES, CALIFORNIA
PASO ROBLES, CALIFORNIA :
71707 COTO-COIL CO., INC.
12406 ELPAC, INC. PROVIDENCE, RHODE ISLAND
IRVINE, CALIFORNIA
72982 ERIE TECHNOLOGICAL PRODUCTS, INC.
13571 ELECTRONIC RESEARCH CO. ERIE, PENNSYLVANIA
OVERLAND PARK, KANSAS
73138 BECKMAN INSTRUMENTS, INC.
14752 ELECTRO CUBE, INC. FULLERTON, CALIFORNIA
SAN GABRIEL, CALIFORNIA
73445 AMPEREX ELECTRONIC CORP.
21793 RACAL-DANA INSTRUMENTS INC. HICKSVILLE, LONG ISLAND, NEW YORK
IRVINE, CALIFORNIA
74970 E. F. JOHNSON CO.
22045 JORDAN ELECTRIC CO. WASECA, MINNESOTA
VAN NUYS, CALIFORNIA
75915 LITTELFUSE, INC.
26625 MIAL USA, INC. DES PLAINES, ILLINOIS
NUTLEY, NEW JERSEY
80131 ELECTRONICS INDUSTRIES ASSOC.
26806 AMERICAN ZETTLER, INC. WASHINGTON, D.C.
CUSTA MESA, CALIFORNIA
80294 BOURNS, INC.
27014 NATIONAL SEMI-CONDUCTOR CORP. RIVERSIDE, CALIFORNIA
SANTA CLARA, CALIFORNIA
81349 MILITARY SPECIFICATION
27264 MOLEX PRODUCTS CO. 83330 HERMAN H. SMITH, INC.
DOWNERS GROVE, ILLINOIS BROOKLYN, NEW YORK
27556 IMB ELECTRONIC PRODUCTS, INC. 86884 RCA (Electronics Components Division)
SANTA FE SPRINGS, CALIFORNIA HARRISON, NEW JERSEY
32293 INTERSIL, INC. 91637 DALE ELECTRONICS, INC.

CUPERTINO, CALIFORNIA

COLUMBUS, NEBRASKA
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403931 — Assy., MODULE, 5100AF

980499

REF DANA MANU
DES P/N DESCRIPTION FSC P/N
AR3 230338 | INTEGRATED CIRCUIT 07263 MA7818UC
AR4 230337 | INTEGRATED CIRCUIT 07263 MAT918UC
C40. 100046 | CAP CERAM .01 MFD 1KV 20% 56289 C023B102K103M
F201 920802 | FUSE, SLO BLOW .25 AMP 250V 75915 213.250
F101 920800 | FUSE, FAST ACTING  1/50 AMP 250V 75915 211.020
403855 | PCB ASSY, DISPLAY 21793 403855
403905 | PCB ASSY, AC AVERAGING CONVERTER 21793 403905
403928 | VOLTAGE SELECTOR ASSY 21793 403928
403933 | PCB ASSY, MAIN LOGIC & INTERCONNECTION 21793 403933
403934 | PCB ASSY, REFERENCE ISOLATOR 21793 403934
403935 | PCB ASSY, DIGITIZER 21793 403935
403993 EXTENDER BOARD ASSY 21793 403993
J101 600908 | POST,BINDING, BLACK 83330 1517-103
J102 600908 | POST, BINDING, BLACK 83330 1517-103
J103 600907 | POST, BINDING, WHITE 83330 1517-101
J104 600907 | POST, BINDING, WHITE 83330 1517-101
J105 600908 | POST, BINDING, BLACK 83330 1517-103
J201 310137 | FILTER,RFIPOWER 1 AMP 115-250V 05245 1EF1
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980499

403933 — Assy., PCB, MAIN LOGIC & INTERCONNECT, 5100AF

REF DANA MANU

DES P/N DESCRIPTION FSC P/N
AR2 230301 INTEGRATED CIRCUIT 04713 MC7905CP
ARS 230103 | INTEGRATED CIRCUIT 27014 I.M308
c1 100017 | CAP CERAM .01 MFD 100V 20% 56289 C023B101F103M
C2 100101 CAP CERAM 33PFD 1000V 5% 56289 C030B102F330J
C3 101145 | CAP CERAM 100 PFD S00V 10% 04222 TCD-DI-1IN5600-100
C6 100063 | CAP CERAM 01 MFD 500V 20% 56289 C023B501E103M
C8 100126 | CAP CERAM 680 PFD 1KV 20% 56289 C023B102E681M
C9 100071 CAP CERAM .001 MFD 1000V 20% 56289 C023B102E102M
C10 100017 | CAP CERAM OIMFD 100V 20% 56289 C023B101F103M
Cl1 101145 | CAP CERAM 100 PFD 500V 10% 04222 TCD-DI-1N5600-100
C12 110170 | CAP ELECT 33MFD 350V 10% 350VB3.3
C13 110170 | CAP ELECT 33MFD 350V 10% 350VB3.3
Cl4 110185 | CAP ELECT 4700 MFD 16V 16TALA4700
C15 110172 | CAP ELECT 470 MFD 35v 35VBSLA470
Cleé 110172 | CAP ELECT 470 MFD 35V 35VBSL470
C17 110151 | CAP TANTA 10 MFD 35V 20% 05397 T362C106M035A
C18 110151 | CAP TANTA 10 MFD 35V 20% 05397 T362C106M035A
C19 110151 CAP TANTA 10 MFD 35V 20% 05397 T362C106M035A
C20 100017 | CAP CERAM O01MFD 100V 20% 56289 C023B101F103M
C21 110151 | CAP TANTA 10 MFD 35V 20% 05397 T362C106M0O35A
C22 110151 | CAP TANTA 10 MFD 35V 20% 05397 T362C106M0O35A
C23 100063 | CAP CERAM $01 MFD 500V 20% 56289 C023B501E103M
C24 100124 | CAP CERAM 330 PFD 1KV 20% 56289 C023B102E331M
C25 100101 CAP CERAM 33PFD 1000V 5% 56289 C030B102F330J
C26 120349 | CAP POLY 22MFD 200V 5% 14752 950B1C224J
C27 120290 | CAP MYLAR 22MFD 100V 20% 73445 C281AH/A220K
C28 120349 | CAP POLY 22MFD 200V 5% 14752 950B1C224J
C29 110151 CAP TANTA 10 MFD 35V 20% 05397 T362C106M035A
C30 110151 CAP TANTA 10 MFD 35V 20% 05397 T362C106M035A
C33 100063 | CAP CERAM .O01MFD 500V 20% 56289 C023B501E103M
C34 100063 | CAP CERAM O1MFD 500V 20% 56289 C023B501E103M
C35 100068 | CAP CERAM 02MFD 100V 20% 56289 C023B101H203M
C36 100068 | CAP CERAM 02MFD 100V 20% 56289 C023B101H203M
C37 121091 CAP MYLAR .033MFD 100V 10% 09023 WMF1833
C38 121090 | CAP MYLAR .O015MFD 100V 10% 09023 WMF1S15
CR5 210004 | DIODE  SILICO 81349 1N4004
CR6 210004 | DIODE  SILICO 81349 1N4004
CR7 210004 | DIODE  SILICO 81349 1N4004
CRS8 210004 | DIODE  SILICO 81349 1N4004
CR9 210004 | DIODE  SILICO 81349 1N4004
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403933 — Assy., PCB, MAIN LOGIC & INTERCONNECT, 5100AF continued

980499

REF DANA MANU
DES P/N DESCRIPTION FSC P/N

- CR10 210004 | DIODE  SILICO 81349 1N4004
CR11 210004 | DIODE  SILICO 81349 IN4004

! CR12 210004 | DIODE  SILICO 81349 1N4004

o ~|CR13 210004 | DIODE  SILICO 81349 1N4004
CR14 210004 | DIODE  SILICO 81349 1N4004
CR15 220004 | DIODE SILICO ZENER 81349 IN961B

- CR16 220015 | DIODE  SILICO ZENER 81349 IN967B
CR17 211083 | DIODE  SILICO 81349 IN916B
CR18 211083 | DIODE SILICO 81349 IN916B

— CR19 211083 | DIODE  SILICO 81349 IN916B
CR20 211083 | DIODE  SILICO 81349 IN916B
CR21 211083 | DIODE SILICO 81349 IN916B
J1 600821 CONN 6P 27264 09-03-1062

. K1 310130 | RELAY 2FORMC 1 KV CONTACT 5V COIL 26806 AZ-420-217-200
K2 310130 | RELAY 2FORMC 1 KV CONTACT 5V COIL 26806 AZ-420-217-200

_ Q6 200068 | TRANS PNP 80131 2N4250
R1 000154 | RES CARBON 150K 5% 1/4W 81349 RCO7GF154]
R2 000753 | RES CARBON 75K 5% 1/4W 81349 RCO7GF753]

o R3 000226 | RES CARBON 22M 5% 1/4W 81349 RCO7GF226]
R4 000102 | RES CARBON 1K 5% 1/4W 81349 RCO7GF102J
R9 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J

B R10 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103]
R12 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103]
R13 000105 | RES CARBON 1M 5% 1/4W 81349 RCO7GF105J

- R14 000105 | RES CARBON 1M 5% 1/4W 81349 RCO7GF105]
R15 000332  RES CARBON 33K 5% 1/4W 81349 RCO7GF332]
R16 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J

- R17 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103]
R18 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
R21 000102 | RES CARBON 1K 5% 1/4W 81349 RCO7GF102]

— R22 020688 | RES SET, PRECISION 21793 020688
R23 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
R24 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
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980499

403933 — Assy., PCB, MAIN LOGIC & INTERCONNECT, 5100AF continued

REF DANA MANU
DES P/N DESCRIPTION FSC P/N
R25 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J

R26 020688 | RES SET, PRECISION 21793 020688

R27 020688 | RES SET, PRECISION 21793 020688

R28 030005 | RES CARBON 100K 5% 2W 81349 RC42GF104J
R29 030005 | RES CARBON 100K 5% 2 W 81349 RC42GF104]
R30 000204 | RES CARBON 200K 5% 1/4W 81349 RC0O7GF204]
R31 000104 | RES CARBON 100K 5% 1/4W 81349 RCO7GF104)
R32 040304 | POT CERMET 20K 10% 91637 784 Series
R33 000511 RES CARBON 510 OHM 5% 1/4W 81349 RCO7GFs11)
R34 000102 | RES CARBON 1K 5% 1/4W 81349 RCO7GF102]
R43 000105 | RES CARBON 1M 5% 1/4W 81349 RCO7GF105J
S1-810 403974 | SWITCH SPACER ASSY 21793 403974

S11 600909 | SWITCH, PUSHBUTTON 21793 600909

T1 300093 | TRANS POWER 21793 300093

Ul 230195 | INTEGRATED CIRCUIT 27014 CMOS74C04N
U2 230193 | INTEGRATED CIRCUIT 01295 SN74LSOON
U3 230348 | INTEGRATED CIRCUIT, CERAMIC 01295 SN74490]
U4 230196 | INTEGRATED CIRCUIT 01295 SN74LS51IN
Us 230234 | INTEGRATED CIRCUIT 01295 SN74LS04N
U6 230108 | INTEGRATED CIRCUIT 01295 SN7416N

U7 230354 | INTEGRATED CIRCUIT 07263 74LS75

U8 230193 | INTEGRATED CIRCUIT 01295 SN74LSOON
U9 230350 | INTEGRATED CIRCUIT 07263 74L874

U10 230120 | INTEGRATED CIRCUIT 07263 3814

U1l 230347 | INTEGRATED CIRCUIT, CERAMIC 01295 SN741.8123]
U12 230351 | INTEGRATED CIRCUIT 07263 74LS08

U13 230193 | INTEGRATED CIRCUIT 01295 SN74LSO0N
Ul4 230248 | INTEGRATED CIRCUIT 01295 SN74LS10N
U1s 230350 | INTEGRATED CIRCUIT 07263 741.874

U1é6 230350 | INTEGRATED CIRCUIT 07263 741874

u17 230352 | INTEGRATED CIRCUIT 07263 74LS02

Ul8 230108 | INTEGRATED CIRCUIT 01295 SN7416N
u19 230193 | INTEGRATED CIRCUIT 01295 SN74LSOON
U20 230353 | INTEGRATED CIRCUIT 07263 74193

U21 230300 | INTEGRATED CIRCUIT ROM 32293 IM5600C-PE
U22 230350 | INTEGRATED CIRCUIT 07263 741874

U23 230350 | INTEGRATED CIRCUIT 07263 74LS74
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403933 — Assy., PCB, MAIN LOGIC & INTERCONNECT, 5100AF continued

980499

REF DANA MANU
DES P/N DESCRIPTION FSC P/N
Y! 920599 | CRYSTAL 2.0MHz 13571
VA 080005 | RES NETWORK CERMET 10K 6P,5SR 2% 11236 .750-61-R10KS2
|Z2 080005 | RES NETWORK CERMET 10K 6P,SR 2% 11236 750-61-R10K$2
Z3 080005 | RES NETWORK CERMET 10K 6P, SR 2% 11236 750-61-R10KS2
403929 | RANGE SWITCHING ASSY 21793 403929




980499

403929 — Assy., RANGE SWITCHING

REF DANA MANU
DES P/N DESCRIPTION FSC P/N
Cl 110151 | CAP TANTA 10 MFD 35V 20% 05397 T362C106M035A
C2 110151 | CAP TANTA 10 MFD 3V 20% 05397 T362C106M035A
CR1 211083 | DIODE  SILICO 81349 IN916B
CR2 211083 | DIODE  SILICO 81349 IN916B
Ul 230193 | INTEGRATED CIRCUIT 01295 SN74LSO00N
U2 230193 | INTEGRATED CIRCUIT 01295 SN74LSO00N
R1 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
R2 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
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403855 — Assy., PCB, DISPLAY, MODEL 5100

980499

REF DANA MANU
DES P/N DESCRIPTION FSC P/N

CR1 210004 | DIODE  SILICO 81349 1N4004

CR2 210004 | DIODE  SILICO 81349 1N4004

LED 1 210082 | DIODE  LED DISPLAY 50434 HP5082-7662
LED 2 210074 | DIODE  LED DISPLAY 7 SEG YELLOW 50434 HP5082-7660
LED 3 210074 | DIODE  LED DISPLAY 7 SEG YELLOW 50434 HP5082-7660
LED 4 210074 | DIODE  LED DISPLAY 7 SEG YELLOW 50434 HP5082-7660
LED 5 210074 | DIODE  LED DISPLAY 7 SEG YELLOW 50434 HP5082-7660
LED 6 210074 | DIODE  LED DISPLAY 7 SEG YELLOW 50434 HP5082-7660
LED 7 210074 | DIODE  LED DISPLAY 7 SEG YELLOW 50434 HP5082-7660
Ql 200184 | TRANS PNP 04713 MPSAS5S

Q2 200184 | TRANS PNP 04713 MPSASS

Q3 200184 | TRANS PNP 04713 MPSA55

Q4 200184 | TRANS PNP . 04713 MPSASS

Qs 200184 | TRANS PNP 04713 MPSAS55

Q6 200184 | TRANS PNP 04713 MPSAS5S5

R1 000821 | RES CARBON 820 OHM 5% 1/4W 81349 RCO7GF821J
R2 000821 | RES CARBON 820 OHM 5% 1/4W 81349 RCO7GF821)
R3 000821 | RES CARBON 820 OHM 5% 1/4W 81349 RCO7GF821]
R4 000821 | RES CARBON 820 OHM 5% 1/4W 81349 RCO7GF821]
RS 000821 | RES CARBON 820 OHM 5% 1/4W 81349 RCO7GF821J
R6 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470]
R7 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470]
R8 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470]
R9 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF47031
R10 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470J
R11 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470J
R12 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470]
R13 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470J
R14 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470)
R15 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470]
R16 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470)
R17 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470J
R18 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470J
R19 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470J
R20 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470J)
R21 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470J
R22 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470]
R23 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF4703]
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980499

403855 — Assy., PCB, DISPLAY, MODEL 5100 continued

REF DANA MANU
DES P/N DESCRIPTION FSC P/N
R24 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470]
R25 000470 | RES CARBON 47 OHM 5% 1/4W 81349 RCO7GF470]
R26 000151 | RES CARBON 150 OHM 5% 1/4W 81349 RCO7GF151]
R27 000221 | RES CARBON 220 OHM 5% 1/4W 81349 RCO7GF221J
R28 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103]
R29 000821 | RES CARBON 820 OHM 5% 1/4W 81349 RCO7GF821]
U1 230192 | INTEGRATED CIRCUIT 01295 SN74LSOSN
U2 230071 | INTEGRATED CIRCUIT 07263 7445
U3 230132 | INTEGRATED CIRCUIT 07263 7447
U4 230132 | INTEGRATED CIRCUIT 07263 7447
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403935 — Assy., PCB, DIGITIZER, 5100AF

980499

REF DANA MANU
DES P/N DESCRIPTION FSC - PN

ARI 230103 | INTEGRATED CIRCUIT 27014 LM308

AR2 230324 | INTEGRATED CIRCUIT 27014 LF356H

AR3 230331 | INTEGRATED CIRCUIT 27014 LF355H

AR4 230110 | INTEGRATED CIRCUIT 27014 LM301A

ARS 230307 | INTEGRATED CIRCUIT 27014 LM311H

AR6 230118 | INTEGRATED CIRCUIT 86884 CA3086

Cl 120347 | CAP POLY 100MFD 50V 20% 14752 650B1A106

2 110159 | CAP TANTA 33 MFD 10V 10% 05397 T368B336K010AS

C3 120184 | CAP POLY 1000 PFD 1KV 5% 26625 611

C4 120321 | CAP MYLAR 047MFD 250V 10% 73445 C281AB/A47K

C5 100071 | CAP CERAM .001 MFD 1KV 20% 56289 C023B102E102M

Cé 100088 | CAP CERAM 220PFD 100V 5% 72982 8121-M100-

C0G221J

C7 120335 | CAP POLY 47MFD 63V 10% 52763 MKC1860-547/06

Cs 120341 | CAP 33MFD 200V 10% 07716 X363

C10 120286 | CAP MYLAR AMFD 100V 20% 73445 C281AH/A100K

Cl1 100125 | CAP CERAM 10 PFD 1KV 20% 56289 C023B102E100M

C12 100120 | CAP CERAM 270 PFD 1KV 20% 56289 C023B102E271M

CR1I 211083 | DIODE  SILICO 81349 IN916B

CR2 211083 | DIODE  SILICO 81349 1N916B

CR3 211083 | DIODE  SILICO 81349 IN916B

CR4 210058 | DIODE  SILICO 81349 1N458

CR5 210058 | DIODE  SILICO 81349 1N458

CR8 211083 | DIODE  SILICO 81349 1N916B

CR9 211083 | DIODE  SILICO 81349 1N916B

CR10 220004 | DIODE  SILICO ZENER 81349 IN961B

CR11 211083 | DIODE  SILICO 81349 1N916B

CR12 211083 | DIODE  SILICO 81349 IN916B

CR13 211083 | DIODE  SILICO 81349 IN916B

CR14 211083 | DIODE  SILICO 81349 IN916B

CRI15 211083 | DIODE  SILICO 81349 IN916B

CR16 211083 | DIODE  SILICO 81349 IN916B

CR17 211083 | DIODE  SILICO 81349 IN916B

CR18 211083 | DIODE  SILICO 81349 IN916B

CR19 220004 | DIODE  SILICO ZENER 81349 1N961B

K1 310138 | RELAY REED 71707 CR-4551

K2 310138 | RELAY REED 71707 CR-4551

K3 310138 | RELAY REED 71707 CR-4551
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980499

403935 — Assy., PCB, DIGITIZER, 5100AF continued

REF DANA MANU

DES P/N DESCRIPTION FSC P/N
Q1 200129 | TRANS  SILICO NPN 81349 2N5961
Q2 200129 | TRANS  SILICO NPN 81349 2N5961
Q3 200199 | TRANS FET 27014 FM1302
Q4 200199 | TRANS FET 27014 FM1302
Qs 200159 | TRANS  SILICO NPN 21793 200159
Q6 200159 | TRANS  SILICO NPN 21793 200159
Q7 200200 | TRANS NPN 21793 200200
Q8 200068 | TRANS PNP 80131 2N4250
Q9 200198 | TRANS PNP 04713 MPS-A92
Q10 200198 | TRANS PNP 04713 MPS-A92
Q11 200248 | TRANS  SPECIAL PURPOSE, MODIFIED 21793 200248
Q12 200248 | TRANS  SPECIAL PURPOSE, MODIFIED 21793 200248
Q13 200129 | TRANS  SILICO NPN 81349 2N5961
R1 040238 | POT CERMET 500K 10% 3/4W 73138 89PR500K
R2 040266 | POT CERMET 500K 20% 1/2W 73138 72XW500K
R3 000205 | RES CARBON 2M 5% 1/4W 81349 RCO7GF205]
R4 000515 | RES CARBON 5.1 M 5% 1/4W 81349 RCO7GF515]
RS 000105 | RES CARBON IM 5% 1/4W 81349 RCO7GF105]
Ré6 000101 | RES CARBON 100 OHM 5% 1/4W 81349 RCO7GF101J
R7 001887 | RES CARBON 510K 5% 1/2W 81349 RC20GF514]
R8& 001887 | RES CARBON 510K 5% 1/2W 81349 RC20GF514]
R9 010013 | RES METAL 604K T2 1% 1/8W 81349 RN60C6042F
R10 010392 | RES METAL 20K ' 1% 1/10W | 81349 RNS55C2002B
R11 000822 | RES CARBON 82K 5% 1/4W 81349 RCO7GF822]
R12 001737 | RES CARBON FSV 5% 1/4W 21793 001737
R13 600245 | JUMPER, INSULATED _ L-2007-1LP
R14 010639 | RES METAL 20K 1% 1/10W ] 81349 RNSSE2002B
R15 010639 | RES METAL 20K 1% 1/10W| 81349 RNS55E2002B
R16 040257 | POT CERMET 50 OHM 20% 1/2W 80294 33895-500
R17 000471 | RES CARBON 470 OHM 5% 1/4W 81349 RCO7GF471])
R18 001737 | RES CARBON FSV 5% 1/4W 21793 001737
R19 600245 | JUMPER, INSULATED ‘ L-2007-1LP
R20 012025- | RES METAL 301K 1% 1/8W 81349 RN60C3013F
R21 000103 | RES CARBON 10K 5% 1/4W 81349 RC07GF103J
R22 010208 | RES METAL 182K T-0 1% 1/8W 81349 RN60D1823F
R23 040182 | POT CERMET 250K 20% 1/2W 11237 3608254B
R24 040182 | POT CERMET 250K 20% 1/2W 11237 360S8254B
R25 010467 | RES METAL FSv 1% 1/8W 21793 010467
R26 010467 | RES METAL FSV 1% 1/8W 21793 010467
R27 000391 | RES CARBON 390 OHM 5% 1/4W 81349 RCO7GF391]
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403935 — Assy., PCB, DIGITIZER, 5100AF continued

980499

REF DANA MANU
DES P/N DESCRIPTION FSC P/N
R28 000102 { RES CARBON 1K 5% 1/4W 81349 RCO7GF102J
R29 000244 | RES CARBON F40 K 5% 1/4W 81349 RCO7GF244]
R30 000244 | RES CARBON 240K 5% 1/4W 81349 RCO7GF244]
R31 000244 | RES CARBON 240K 5% 1/4W 81349 RCO7GF244]
R32 000244 | RES CARBON 240K 5% 1/4W 81349 RCO7GF244]

R33 040238 | POT CERMET 500K 10% 3/4W 73138 89PRS00K
R34 000107 | RES CARBON 100 M 5% 1/4W 81349 RCO7GF107J)
R35 010818 | RES METAL 432K 1% 1/10W | 81349 RNS5C4322F
R36 000106 | RES CARBON 10M 5% 1/4W 81349 RCO7GF106]
R37 020676 | RES ww 999K 02% 21793 020676

R38 000514 | RES CARBON 510K 5% 1/4W 81349 RCO7GF514]
R39 040227 | POT CERMET 200 OBM 10% 3/4W 73138 89PR200
R40 010918 | RES METAL 499 OHM 1% 1/10W| 81349 RN55C4990F
R41 000104 | RES CARBON 100K 5% 1/4W 81349 RCO7GF104J
R42 040210 | POT CERMET 100K 2% 1W 11237 360S104B
R43 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
R44 000102 | RES CARBON 1K 5% 1/4W 81349 RCO7GF102J
R45 000101 RES CARBON 100 OHM 5% 1/4W 81349 RCO7GF101]
R46 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
R47 000203 | RES CARBON 20K 5% 1/4W 81349 RCO7GF203]
R48 000184 | RES CARBON 180K 5% 1/4W 81349 RCO7GF184]
R49 020677 | RES ww ATTENUATOR SET 21793 020677

R50 040229 | POT CERMET 1K 10% 3/4W 73138 89PR1K

R51 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
RS2 000394 | RES CARBON 390K 5% 1/4W 81349 RCO7GF394]
R53 020677 | RES ww ATTENUATOR SET 21793 020677

RS54 000201 RES CARBON 200 OHM 5% 1/4W 81349 RCO7GF201J
RSS5 040226 | POT CERMET 100 OHM 10% 3/4W 73138 89PR100
R56 040240 | POT CERMET 10 OHM 20% 3/4W 73138 89PR10

R57 040240 | POT CERMET 10 OHM 20% 3/4W 73138 89PR10

RS8 020677 | RES ww ATTENUATOR SET 21793 020677

R59 000104 | RES CARBON 100K 5% 1/4W 81349 RCO7GF104])
R60 000105 | RES CARBON 1M 5% 1/4W 81349 RCO7GF105]
Ré1 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
R62 010541 RES METAL 40.2K 1% 1/10W| 81349 RNS55C4022F
R63 000102 | RES CARBON 1K 5% 1/4W 81349 RCO7GF102J)
Reé4 010541 RES METAL 40.2K 1% 1/10W | 81349 RN55C4022F
R71 000104 | RES CARBON 100K 5% 1/4W 81349 RCO7GF104J
R72 000103 | RES CARBON 10K 5% 1/4W 81349 RC0O7GF103J
R73 000103 | RES CARBON 10K 5% 1/4W 81349 RC07GF103J
R74 010918 | RES METAL 499 OHM 1% 1/10W | 81349 RN55C4990F
R75 000108 | RES CARBON 1000 M 20% 1/4W 01121 CB1082
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980499

403935 — Assy., PCB, DIGITIZER, S100AF continued

REF DANA MANU
DES P/N DESCRIPTION FSC P/N

U1 230313 | INTEGRATED CIRCUIT 86884 | CD4016AE

U2 230313 | INTEGRATED CIRCUIT 86884 CD4016AE

U3 230313 | INTEGRATED CIRCUIT 86884 CD4016AE

U4 230108 | INTEGRATED CIRCUIT 01295 SN7416N

71 080012 | RES NETWORK CERMET 15K 8P,7R 2% 11236 750-81-R15KS2
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403934 — Assy., PCB, REFERENCE ISOLATOR

980499

REF DANA MANU
DES P/N DESCRIPTION FSC P/N
AR1 230085 | INTEGRATED CIRCUIT 27014 LM308AH
AR2 230103 | INTEGRATED CIRCUIT 27014 LM308
AR3 230331 | INTEGRATED CIRCUIT 27014 LE355H
AR4 230299 | INTEGRATED CIRCUIT 27014 LM312H
ARS 230119 | INTEGRATED CIRCUIT HA741 07263 741HC
Cl1 120004 | CAP POLY .00l MFD 500V 5% 08257 KSO Series
C2 120344 | CAP POLY AMFD 400V 20% 12406 ZD4A104M
C3 100101 | CAP CERAM 33PFD 1000V 5% 56289 C030B102F330J
C4 100071 | CAP CERAM .001 MFD 1000 V 20% 56289 C023B102E102M
Cs 100017 | CAP CERAM OIMFD 100V 20% 56289 C023B101F103M
c7 100017 | CAP CERAM O1MFD 100V 20% 56289 C023B101F103M
C8 100068 | CAP CERAM O02MFD 100V 20% 56289 C023B101H203M
C9 100101 | CAP CERAM 33PFD 1000V 5% 56289 C030B102F330J
C10 100017 | CAP CERAM OIMFD 100V 20% 56289 C023B101F103M
Cl11 100101 | CAP CERAM 33PFD 1000V 5% 56289 C030B102F330J
C12 100017 | CAP CERAM OIMFD 100V 20% 56289 C023B101F103M
C14 100017 | CAP CERAM OIMFD 100V 20% 56289 C023B101F103M
CR1 211083 | DIODE  SILICO 81349 1N916B
CR2 211083 | DIODE  SILICO 81349 IN916B
CR3 210004 | DIODE  SILICO 81349 1N4004
CR4 220078 | DIODE  SELECTED ZENER 5V 5% 81349 IN5231
CR5 220078 | DIODE  SELECTED ZENER 5V 5% 81349 1N5231
CR7 220078 | DIODE  SELECTED ZENER 5V 5% 81349 IN5231
CR8 220078 | DIODE  SELECTED ZENER 5V 5% 81349 1N5231
CR10 403942 | ZENER REFERENCE KIT 21793 403942
CR11 211083 | DIODE  SILICO 81349 1IN916B
Q1 200129 | TRANS  SILICO NPN 81349 2N5961
Q2 200068 | TRANS PNP 80131 2N4250
Q3 201084 | TRANS GERMAN PNP 81349 2N1304
Q4 200246 | TRANS GRADED  MPS-A92 21793 200246
Q5 200201 | TRANS DUAL NPN 21793 200201
Q6 200200 | TRANS NPN 21793 200200
Q7 200129 | TRANS  SILICO NPN 81349 2N5961
08 200230 | TRANS FET N-CHAN, SIL JUNCTION E305
Q9 200230 | TRANS FET N-CHAN, SIL JUNCTION E305
Q10 200200 | TRANS NPN 21793 200200

7-15




980499

403934 — Assy., PCB, REFERENCE ISOLATOR continued

REF DANA MANU

DES P/N DESCRIPTION FSC P/N
Q11 200200 | TRANS NPN 21793 200200
Rl 001889 | RES CARBON 39K 5% 1/2W 81349 RC20GF393J
R2 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
R3 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
RS 000107 | RES CARBON 100 M 5% 1/4W 81349 RCO7GF107)
Ré 012039 | RES PF 100 M 5% 03888 Type PVC60
R7 000513 | RES CARBON 51K 5% 1/4W 81349 RCO7GF513]
R8 040235 | POT CERMET 100K 10% 3/4W 73138 89PR100K
R9 012008 | RES METAL 442 OHM 1% 1/10W| 81349 RN55C4420F
R10 000332 | RES CARBON 33K 5% 1/4W 81349 RCO7GF332]
R11 000153 | RES CARBON 15K 5% 1/4W 81349 RCO7GF153]
R12 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103]
R13 001766 | RES CARBON 220K 5% 1/2W 81349 RC20GF224]
R14 001737 | RES CARBON FSV 5% 1/4W 21793 001737
R15 012013 | RES C/M FOIL 332M 1% 1/4W 01121 CC3324F
R16 600245 JUMPER, INSULATED ’ L-2007-1LP
R17 012009 | RES C/M FOIL 221 M 1% 1/4W 01121 CC2214F
R18 001737 | RES CARBON FSV 5% 1/4W 21793 001737
R19 012013 | RES C/M FOIL 3.32M 1% 1/4W 01121 CC3324F
R20 600245 | JUMPER, INSULATED L-2007-1LP-
R21 000683 | RES CARBON 68 K 5% 1/4W 81349 RCO7GF683]
R22 000364 | RES CARBON 360K 5% 1/4W 81349 RCO7GF364]1
R23 000185 | RES CARBON 18M 5% 1/4W 81349 RCO7GF186)
R24 000513 | RES CARBON 51K 5% 1/4W 81349 RCO7GF513J
R25 000102 | RES CARBON 1K 5% 1/4W 81349 RCO7GF102]
R27 000224 | RES CARBON 220K 5% 1/4W 81349 RCO7GF224]
R28 000332 | RES CARBON 33K 5% 1/4W 81349 RCO7GF332]
R29 000332 | RES CARBON 33K 5% 1/4W 81349 RCO7GF332)
R30 000332 | RES CARBON 33K 5% 1/4W 81349 RCO7GF332)
R31 040226 | POT CERMET 100 OHM 10% 3/4W 73138 89PR100
R32 040227 | POT CERMET 200 OHM 10% 3/4W 73138 89PR200
R33 040226 | POT CERMET 100 OHM 10% 3/4W 73138 89PR100
R34 020678 | RES wwW REF GAIN SET 21793 020678
R35 020678 | RES wwW REF GAIN SET 21793 020678
R36 001759 | RES CARBON 5.1 OHM 5% 1/4W 81349 RCO7GF5R1J
R37 020678 | RES ww REF GAIN SET 21793 020678
R39 001737 | RES CARBON FSV 5% 1/4W 21793 001737
R40 001737 | RES CARBON FSv 5% 1/4W 21793 001737
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403934 — Assy., PCB, REFERENCE ISOLATOR continued

980499

REF DANA MANU

DES P/N DESCRIPTION FSC P/N
R41 403942 | ZENER REFERENCEKIT 21793 403942
R42 020693 | RES ww 1K 1% 22045 390
R43 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GE103)
R44 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
R45 001737 | RES CARBON FSV 5% 1/4W 21793 001737
R46 001737 | RES CARBON FSv 5% 1/4W 21793 001737
R47 020675 | RES ww ISOLATOR GAIN 21793 020675
R48 040238 | POT CERMET 500K 10% 3/4W -| 73138 89PR500K
R49 020675 | RES ww ISOLATOR GAIN 21793 020675
R50 001737 | RES CARBON FSv 5% 1/4W 21793 001737
RS51 001737 | RES CARBON FSv 5% 1/4W 21793 001737
RS2 010529 | RES METAL 10K 1% 1/10W| 81349 RN55C1002F
RS3 040235 | POT CERMET 100K 10% 3/4W 73138 89PR 100K
RS54 010529 | RES METAL 10K 1% 1/10W{ 81349 RN55C1002F
RS55 010529 | RES METAL 10K 1% 1/10W| 81349 RNS5C1002F
R56 000101 RES CARBON 100 OHM 5% 1/4W 81349 RCO7GF101])
RS57 000103 | RES - CARBON 10K 5% 1/4W 81349 RCO7GF103)
R58 403942 | ZENER REFERENCEKIT 21793 403942
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980499

403942 — Assy., ZENER REFERENCE KIT

" REF DANA MANU
DES P/N DESCRIPTION FSC P/N

CR1 220082 | DIODE  REF ZENER 04713 7483

Rl 020689 | RES ww FSV 21793 020689

R2 001737 | RES CARBON FSV 5% 1/4W 21793 001737
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. ¢
403905 — Assy., PCB, AC AVERAGING CONVERTER, OPTION 14

980499

REF DANA MANU

DES P/N , DESCRIPTION FSC P/N
AR1 230180 | INTEGRATED CIRCUIT 27014 LM318H
Cl 120280 | CAP MYLAR 22MFD 1000V 10% 27556 ZA2J224K
C2 130146 | CAP TRIMMER .25-1.5 PFD 74970 273-0001-002
C3 100100 | CAP CERAM FSV 21793 100100
C4 100100 | CAP CERAM FSV 21793 100100
Cs 130146 | CAP TRIMMER .25-1.5 PFD 74970 273-0001-002
Cé 100101 CAP CERAM 33PFD 1000V 5% 56289 C030B102F330)
Cc7 130123 | CAP TRIMMER 1-3 PFD 250V 52763 R-TRIK0-122-09SD
C8 120158 | CAP POLY 390 PFD 63V 5% 26625 611
Cc9 130148 | CAP TRIMMER  5-20PFD 250V 52763 R-TRIK0-122-09MG
C10 120246 | CAP POLY 0.01 MFD 33V 5% 08257 KSC Series
Cil 120294 | CAP MYLAR 47MFD 100V 20% 73445 C281AH/A470K
C12 100100 | CAP CLERAM FSV 21793 100100
Ci3 110186 | CAP TANTA 330 MFD 6V 05397 T362D337K006AS
Cl4 100076 | CAP CERAM 20PFD 1000V 5% 56289 C030B102F200)
C15 100017 | CAP CERAM OLMFD 100V 20% 56289 C023B101F103M
Cl6 100017 | CAP CERAM OIMFD 100V 20% 56289 C023B101F103M
C17 110186 | CAP TANTA 330 MFD 6V 05397 T362D337K006AS
C18 100100 | CAP CEERAM FSV 21793 100100
C19 100100 | CAP CERAM ESV 21793 100100
C20 111148 | CAP ELECT 100 MFD 25V 34553 ET101X025A5
C21 600245 | JUMPER INSULATED L-2007-1LP
CR1 220004 | DIODE  SILICO ZENER 81349 IN961B
CR2 211083 | DIODE  SILICO 81349° IN916B
CR3 211083 | DIODE  SiLICO 81349 IN916B
CR4 211083 | DIODE  SILICO 81349 IN916B
CRS 211083 | DIODE  SILICO 81349 IN916B
CR6 220007 { DIODE  SILICO ZENER 81349 IN751A
CR7 220007 | DIODE ' SILICO ZENER 81349 IN751A
CR8 210015 | DIODE 50434 HPS5082-2800
CR9 210015 | DIODE 50434 HP5082-2800
K1 310138 | RELAY REED 71707 CR-4551
K2 310138 | RELAY REED 71707 CR-4551
K3 310138 | RELAY REED 71707 CR-4551
Ql 200199 | TRANS  FET 27014 FMI1302
Q2 200088 | TRANS  SILICO PNP 80131 2N4248
Q3 200200 | TRANS NPN 21793 200200
Q4 200200 [ TRANS NPN 21793 200200
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980499

403905 — Assy., PCB, AC AVERAGING CONVERTER, OPTION 14 continued

REF DANA MANU

DES P/N DESCRIPTION FSC P/N
Qs 200197 | TRANS  SILICO NPN 04713 MPS-H10
Q6 200197 | TRANS  SILICO NPN 04713 MPS-H10
R1 012041 RES MF 2M T-9 1% 03888 PME70
R3 000104 | RES CARBON 100K 5% 1/4W 81349 RCO7GF104])
R4 000104 | RES CARBON 100K 5% 1/4W 81349 RCO7GF104)
RS 000511 RES CARBON 510 OHM 5% 1/4W 81349 RCO7GF511)
R6 000822 | RES CARBON 8.2K 5% 1/4W 81349 RCO7GF822)
R7 000561 RES CARBON 560 OHM 5% 1/4W 81349 RCO7GF561]
R8 000331 RES CARBON 330 OHM 5% 1/4W 81349 RCO7GF331J
R9 010929 | RES METAL 2.10K 1% 1/10W | 81349 RN55C2101F
R10 040255 | POT CERMET 10 OHM 20% 1/2W 73138 72XW10
R11 012042 | RES MF 205K T-9 1% 03888 PMESS
R12 012043 | RES MF 249 OHM T-9 1% 03888 PMESS
R13 000223 | RES CARBON 22K 5% 1/4W 81349 RCO7GF223]
R14 010536 | RES METAL 100K 1% 1/10W | 81349 RN55C1003F
R15 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103}
R16 000104 | RES CARBON 100K 5% 1/4W 81349 RCO7GF104]
R17 000103 | RES CARBON 10K 5% 1/4W 81349 RCO7GF103J
R18 012044 | RES MF 499K T-9 1% 03888 PME60O
R19 040201 POT CERMET 2K 20% 1/2W 73138 T2XW2K
R20 012045 RES MF 549K T-9 A% 03888 PMESS
R21 040239 | POT CERMET 200 OHM 20% 1/2W 73138 72XW200
R22 012046 RES MF 475K T9 1% 03888 PMESS
R23 040256 | POT CERMET 20 OHM 20% 1/2W 73138 T2XW20
R24 012047 | RES MF 210 OHM T9 1% 03888 PMESS
R25 012031 RES METAL FSV 1% 21793 012031
R26 010802 | RES METAL FSV 1% 21793 010802
R27 010802 | RES METAL FSv 1% 21793 010802
R28 012031 { RES METAL FSv 1% 21793 012031
R29 010802 | RES METAL EFSv 1% 21793 010802
Wi 600245 JUMPER INSULATED L-2007-1LP
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RACAL-DANA Instruments Inc. U.S. AND CANADIAN SERVICE CENTERS

CANADA
NORTH DAKOTA
o !
NEBRASKA “ a
COLORADO
“ & 2
NO

ARIZONA
OKLAHOMA {74 oK ANSAS <
ALABAMA
. FLORIDA
Py

VW =
Q,

-
HAWAL C

FACTORY SERVICE LOCATIONS

ﬁ RACAL-DANA INSTRUMENTS INC. RACAL-DANA INSTRUMENTS INC.
18912 Von Karman Avenue 1400 Coleman, Suite G-27
Irvine, California 92715 Santa Clara, California 95050
Telephone: (714) 833-1234 Telephone (408) 727-2342

PRODUCT SERVICE TWX 910-595-1136

AUTHORIZED SERVICE CENTERS

@ BALL AEROSPACE SYSTEMS DIVISION @ RHODES-GROOS LABORATORIES
P. O. Box 1062 - P. O. Box Zip 80306 3409 Andtree Blvd.
Boulder Industrial Park Austin, Texas 78724
Boulder, Colorado 80302 Telephone: (512) 928-0813

Telephone: (303) 441-4786
WEBSTER INSTRUMENTS LTD.

@ PAT JENKS ASSOCIATES 1200 Aerowood Drive, Unit 28
114 Cummings Park Mississauga, Ontario
Woburn, Massachusetts 01801 Canada L4W 2S7
Telephone: (617) 9380488 Telephone: (416) 625-0600

TWX: 610-492-4560
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REPAIR REQUEST FORM

To allow us to better understand your repair requests, we suggest you use the
‘ following outline and include a copy with your instrumeat to be sent to your

local Racal-Dana repair facility.

Model Number Options Date

Serial Number P.O#

Company Name

Address
City State . Zip Code
Contact Phone Number

1. Describe, in detail, the problem and symptoms you are having.

2. If you are using your unit on the bus, please list the program strings used and the controller
type, if possible.

3. List all input levels, and frequencies this failure occurs.

4. Indicate any repair work previously performed.

5. Please give any additional information you feel would be beneficial in facilitating a
faster repair time. (1. E., modifications, etc.)









