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NOTICE

Model 3400R DMM is derived from its predecessor, Model 3400,
and enhanced performance is obtained by measuring the TRUE RMS
value of input ac signals.

This instruction manual describes the principles of opera-
tion, specifications, and maintenance of the Model 3400R DMM,
and contains those Schematics and Parts Lists that pertain to
the Model 3400R DMM. Citations in the text of "Model 3400 DMM"
should be interpreted as applicable to the Model 3400R DMM.
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MODEL 3400R

TRUERMS PROGRAMMABLE DMM

1.1 GENERAL DESCRIPTION

Data Precision Model 3400DMM is a local-or
remote-programmable 4-1/2 digit digital multi-
meter, providing up to 12 conversion measurements
per second with high accuracy performance. It
incorporates Data Precision's Tri-PhasicIM A/D
Conversion, Isopolar referencing, and 2- or
4-wire Ratiohmic resistance measurements, as well
as auto-zero circuitry that compensates for
instrument drift before each and every conversion.
Each Model 3400DMM includes all interface signals
for remote programming of range (selected range
or auto-range) and mode of signal measurement
(DCV, ACV, k2, or Voltage Ratio), for external
trigger control or holding function, and for BCD-
formatted output data. ATl output data signals,
as well as conversion status {for remote record-
ing or display) are available as DTL/TTL compat-
ible voltage levels. Complete measurement and
control instrumentation is provided as part of
the standard Model 3400DMM equipment.

Complete, detailed performance specifica-

tions are reproduced in paragraph 1.3 of this
chapter.

1.2 BRIEF OPERATING DESCRIPTION
1.2.1

Tri-Phasic A/D Conversion

2. Conversion of an analog signal into a
digital form is accomplished in a combination of
analog and digital circuitry. The analog portion
of the Tri-Phasic A/D conversion is illustrated
in Figure 1-1. Programming of the A/D is accom-
plished by digital logic driven by a master
clock and by signals derived from the analog
circuit operation.

b. Tri-Phasic A/D conversion processes
the analog signal into a proportionate time
interval in the circuit of Figure 1-1 in the
following 3 steps (or phases):

1-1
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1
INTRODUCTION & SPECIFICATIONS

Phase 1: The analog circuitry is “"zeroed”
to obtain an off-zero compensation value.

Phase 2: The unknown analog signal,
corrected for the compensation determined in
phase 1, is connected so that the net value
charges an integrator capacitor for a fixed number
of the time-base generator counts.

Phase 3: A precise voltage, of opposite
polarity to the input signal, is connected to the
circuit so that the charge on the integrator
capacitor is reduced to zero. The time for this
discharge phase is proportional to the value of
the unknown analog input and controls the trans-
fer of the digital count from the time base
generator to the output register, and subsequent
display.

¢. During Phase 1 switch A is open

(removing the analog input), switch B is closed
(shorting A/D circuit input), switch C is closed
(closing the Toop around A2 and A3), and switches
U,E, & F are open (removing the reference from
the circuit and inhibiting "fast charge" of CI')

The servo loop around A2 and A3 charges
memory capacitor CM to balance any non-zero
signals generated in the circuit elements.

Phase 1 ends after some fixed time base
interval, at which time the digital logic
programmer changes the levels of control signals
P1 and P2 so that the switches controlled by these
levels change their states.

d. During Phase 2 switch A is closed

{connecting the analog input to the A/D circuit),
switches B & C are open (leaving CM charged with

the compensation for internal non-zero signals).

Switches D, E, &F remain open.

Phase 2 ends after a fixed time base
count, when the digital logic programmer changes
the levels of P2 and P3, and switches controlled
by these Tevels change their states.

DATA PRECISION CORPORATION
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Fig. 1-1.

e. During Phase 3 switch D is closed if
the analog input 1s a negative input by the action
of P3” (connecting a positive reference signal to
the A/D input). If the analog input was a posi-
tive signal, then switch E would have been closed
by signal P3*. Thus, either P3~ or P3% is active.
The appropriate P3 signal is generated by the
digital Togic as a result of sensing the state of
A3, whose output is identified in the illustration
by POL/EOC, and this occurs at the end of Phase 2,
when the analog input has been used to charge the
integrator capacitor, Cj.

The duration of Phase 3 is determined by
the change in state of A3, and indicated by the
change in polarity of POL/EOC. The digital logic
responds to this changing signal by initiating
the Phase 1 actions.

1.2.2  Iso-Polar Referencina (Fiqure 1-2)

The conversion circuit described above
utilizes either a positive or negative reference
signal in its Phase 3 operation, as required by
the polarity of the analog input. In the Data

1-2
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Tri-Phasic A/D Converting simplified block diagram

Precision circuitry, this reference is derived
from a voltage of one magnitude, thus eliminating
the need for separate independent calibration for
positive and negative inputs (the "balance"
problem encountered when the different polarities
are derived independently).

Figure 1-2 illustrates the technique of
isopolar referencing. The reference voltage,
adjusted for the scaling required, charges a
reference "battery" in the form of capacitor Cgr.

When a positive reference is required, the
negative capacitor terminal is connected to
reference supply, placing the positive level on
the line as input to the A/D.

When a negative reference is required, the
positive capacitor terminal is grounded, and the
negative terminal then places a negative voltage
level on the A/D input line. The magnitude of the
positive or negative value to the A/D is EXACTLY
the voltage on the capacitor and does not vary
with the polarity, hence the term, IS0-POLAR.
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—
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SUPPLY

P 3,

CR T_
P1

A/D INPUT

Fig. 1-2. 1Iso-Polar Referencing, simplified diagram

1.2.3  Ratiohmic Referencing

The Tri-Phasic A/D conversion technique
is used to measure resistance in the manner illus-
trated by the simplified circuit of Figure 1-3.
During Phase 2, the voltage input to the A/D is
derived from the current flow through the unknown
resistor. During Phase 3, the voltage input is
derived from the effects of the SAME current
through a precision resistor of known value. In-
other words, the integrating current during Phase
2 is proportional to the unknown resistance,
while the integrating current during Phase 3 is
determined by the value of the known precision
resistor.

REFERENCE
SUPPLY

TOA/D INPUT SWITCHES

Fig. 1-3. Ratiohmic Referencing, simplified diagram

1-3
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Buring Phase 2, peak of voltage VC

developed at end of Phase 2, is propor-

tional to input RX.

During Phase 3, time of ramp down

is proportional to peak voltage
reached at end of Phase 2.

Vc=k1RX-I-T; VC=k2RS-I-t
klRXIT = kZRSLt
t = (RX/RS)K
Fig. 1-4. Dual Slope System Timing Diagrams

for Ratiohmic Mode
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1.3 SPECIFICATIONS

DC VOLTS
Input Max. Input

Full Scale Overrange Resolution lmpedance Volmge
L10000 119999 LoV >1.000 megohms +1000V
1.oooo  E1.9999 100y >1,000 megohms 1000V
10,000  *19.999 tmV 10 megohms #1000V
100.00 £199.99 10mv 10 megohms +1000V
1000.0  £1000.0  10OmV 10 megohmas +1000V

Accuracy (all ranges, including overrange):

24 hours, 23°C +5°C 40.004% of inp.+1 L.s.d.

6 months, 23°C +5°C $0.007% of inp. +1 Ls.d.
Voltage Coefficient: 20.00001% rdg./Volt (on 1000V range only).
Temperature Coefficient (0°C to 18°C and 28°C to 50°C, all ranges):

(£0.001% inp. £0.0005% t.s.)/ °C
Common Mode Rejection Ratios (minimum):

at DC, 160 dB with unbalanced 1000 Ohm source.

at 60 Hz, 120 dB with unbalanced 1000 Ohm source.
Common-Mode Voltage: 500V DC (or peak AC) maximum.
Normal-Mode Rejection: 60 dB at 60 Hz and all integral multiples
thereof, when internally or line-synchronously triggered. (See page 7
for 50 Hz option and 400 Hz operation.)

AC VOLTS

Full Scale Overrange Resolution
10000 19999 10uV
1.0000 1.9999 100V
10.000 19.999 ImV
100.00 199.99 10mV
1000.0 750% 100mvV

*Max. Input Voltage: 750V RMS (80 Hz-10kHz), decreasing
hinearly 10 375V RMS at 20kHz.

Input Impedance (all ranges): 1M in parallel with <100 pF.
Sensing and Calibration: True RMS

Accuracy (6 months, 23°C £5°C), all ranges:

1V-1000V 0.1V
30Hz. ... .. +1% inp. x0.5% fs. ... .. +1% inp. =2% f.s.
50Hz-500Hz . .. =0.4% inp. 20.25% fs. .. ... £0.4% inp. 2% fs.
20kHz .. ... .. 1% inp. £0.25% fs. ...... %1% inp. 2% fs.

Temperature Coefficient (0°C-18°C and 28°C-50°C)
1V-1000V

. £0.02% inp./°C £0.02% f:5.°C . .

=0.1% inp./°C £0.02% fs./°C ...

0.1v
30Hz-500Hz ..
20kHz .. ... ..

Settling Time (to settle within =0.1% of final reading for a
full scale step input): 2.5 seconds.

OHMS Max. Test
Full Scale Overrange Resolution Current
.10000k§2 .19999k§2 10 milliohms 1.5mA
1.0000k$2 1.9999k{2 100 milliohms 1.5mA
10.000k§2 19.999k§2 1 Ohm 150uA
100.00k$2 199.99k {2 10 Ohms 15MA
1000.0k$2 1999 .9k§2 100 Ohms 1.5MA
10000k 2 19999k {2 1000 Ohms 0.15UA

COPYRIGHT 1977 PRINTED IN U.5.A.

+0.02% inp./°C £0.2% f.s.oC
=£0.1% inp./°C, £0.2% f5.oC

1-4

Max. Input Volitage: 270V DC or AC RMS (Inadvertent application
of voltage to OHMS input terminals, any range.)

Configuration: True four-wire
Maximum Open-Circuit Voltage: 4.0 Volts
Accuracy (6 months, 23°C, £1°C):
.lkdlk@lOkQ/IOOkQ ranges:
1 meg{2 range: 10.02% inp. *1 l.s.d.
10 meg{2 range: £0.25% inp. *1 ls.d.
Temperature Coefficient (0°C to 50°C):
kS 1KY 10kE2100k 2 ranges: (20.002% inp. 10.0004% f.)/°
1000k $2 range: *0.005% inp. £0.0004°, f.s.)/ﬁ
10000kS2 range: (£0.02% inp. £0.005% f.5)/°C
Settling Time (to settle to within £0.01% of final reading):
1k§Y 1k§W 10kE2/100k$2 ranges: 0.1 sec.
1000k§2 range: 0.4 sec.
10000k$?2 range : 3.1 sec.
Settling Time in seconds for any resistance: 0.1 + 0.3 x Resistance
in Megohms.
EXAMPLES:
1k§2/1kE2/10kE2/100K82, settles in 0.1 sec. or less.
1 megohm settles in 0.4 sec. or less.
10 megohms settles in 3.1 sec. or less.

DC/DC & AC/DC RATIO

£0.007% inp. 11 ls.d.

Selected Range Nominal Range Overrange  Actual Display i
0.1 1.010000:1 +.019999:1 19999
1 +.10000:1 +.19999:1 +1.9999
10 +1.0000:1 +1.9999:1 +19.999
100 +10.000:1 +19.999:1 +199.99
1000+ +100.00:1 +199.99:1 +1999.9

*Maximum signal input voltage 1000V

fDispiaycd ratio is 10 times true ratio

Voltage Range:
[nput Signal: 0 to £1000V (DC or AC peak)
Reference Signal: +1V to +11V

Accuracy:

DC/DC: 24 hours, 23°C 1°C: (40.004% rdg. +1 L.s.d.) x — 10
: Actual Ref.
Voltage
6 months, 23°C +5°C: (0.007% rdg. +1 l.s.d.) x — 10
Actual Ref
Voltage

10
Actual Ref. Voltage

AC/DC: Multiply AC accuracy by

Temperature Coefficient (0°C o 50°C, all ranges):

DC/DC: (#0.001% rdg. $0.0005% f.s.) x 210 o
Actual Ref. Voltage

1o o

- /C
Actual Ref. Voltage

AC/DC: (AC Temp. Coeff.) x

Voltage Coefficient of Ratio: 0.00001% rdg./Volt of input signal.

Reference Input Impedance: 100k§2

Same as in DC Volt mode

Common-Mode Rejection Ratio:
} (applies to signal channel only).

Normal-Mode Rejection Ratio:

DATA PRECISION CORPORATION
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DIGITAL DATA OQUTPUTS
Logic Levels Logic ONE: >+2.4V :
(DTL/TTL Compatible) Logic ZERO: <+0.4V sink for 4mA
Data: 17 lines; 1-2-4-8 BCD coded: positive true!
Polarity: 1 line; ONE = positive; ZERO = negative.
Range: 7 lines (6 ranges plus AUTORANGE indication);
range in use = ZERO; all others = ONE.

CONTROL/STATUS INTERFACE

Logic Levels: same as for digital outputs.

Ready: 1 linc; end of conversion is signalled by -transistion from
ZERO to ONE. (ZERO level indicates BUSY - i.e., that
conversion cycle is active).

Sample Integration ([—’}); 1 line; transition from ZERO to ONE
indicates that integration of input signal is over (end of P2),

Data Valid: 1 line; ONE = correctly ranged,

External Trigger Input: 1 line; a positive pulse of 2.4V, with a pulse
width ofglusec and <16 msec will initiate a READ command.
This command initiates a complete TRI-PHASIC™ measurement
cycle (see timing diagram). In the external trigger mode, that reading
is then held in the output data register until the next trigger pulse
is received.

Hold: 1 line; applying logic ZERO inhibits internal trigger.

Range Selection/Status: 7 lines; In remote programming mode,
range is selected by grounding the appropriate line through switch
contacts, grounded transistor*, or logic LOW*. In front panel local
control mode, a LOW level indicates the range scale (or autorange)
in use for the conversion. An 8th line, Range SEL serves as an
external flag (0 denotes local mode not selected).

Mode Selection/Status: 4 lines; DCV, ACV, Ohms or Ratio is selected
in remote programming mode by grounding of appropriate line
through switch contacts, grounded transistor*, or logic LOW*.

In front panel local control mode, a LOW level indicates the function
in use. A Sth line, Mode SEL serves as an external flag (0 denotes
local mode not selected).

*“ACTIVE" control methods must utilize open collector structures.

COPYRIGHT 1977 PRINTED IN U.5.A.
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ENVIRONMENTAL AND
PHYSICAL CHARACTERISTICS

Input Power: 105V to 125V AC (or 210V 1o 250V A(),
switch selectable,
at nominal line frequencies of 50 Hz, 60 Hz, or
400 Hz, Power requirement is
less than 15 Warrs.

Temperature Ranges: -
Operating: 0°C to +50°C
Storage: 25°C to +80°C

Humidity:
80% RH max, 0°C to +40°C
70% RH max, +40°C to +50°C

Overall Dimensions: 3%" high, 8%" wide. and 12" deep, including
panel, controls and connectors.

Weight: 8 Ibs., net, 14 ths. packed for domestic shipment.

Stand: Adjustable, removable, tilt-up stand provided for best
viewing in bench use

DATA PRECISION CORPORATION
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1.4 SCOPE OF INSTRUCTION MANUAL

This manual contains complete instrument
description, operating procedures, principles
and theory of operation, maintenance procedures,
replaceable parts lists, and reference schem-
atics for the Model 3400, and such material is
divided conveniently into 3 main parts so that
Systems Engineers, Operating (Programming) per-
sonnel, and qualified Maintenance and Repair
technicians may find the information appropriate
for their responsibilities quickly and without
having to wade through useful, but nonessential
data.

COPYRIGHT 1977 PRINTED IN U.S.A.
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2

OPERATION

2.1 UNPACKING Final Acceptance Test Data

. . Sheet

Each Model 3400DMM is shipped complete in

a molded foam-plastic container in an individual Certificate of Conformance
Data Precision packing carton, and this instruc- :
tion manual is on top. Carefully unpack the Warranty Card
instrument, noting any signs of damage to the _ -
Model 3400 or to the shipping container. Retain Fi1l in and return the Warranty Card.

all damaged cartons and evidence of other damage
and inform the shipping agent immediately.
2.2 PREPARATION FOR USE
Each Model 3400DMM has been tested,

Each complete shipment contains one of calibrated, burned-in, and re-calibrated before
each of the following: shipment. It is ready for use when power is
connected and will deliver specified performance’
Model 3400 Digital Multimeter after a 30-minute warmup. No further calibration

(Tine cord attached) shoulq be necessary; no zeroing is required, and
no adjustment for it has been provided.

5-pin Remote Input Connector,
A4 {mating part for Rear
Panel Input)

Instructions for connecting and operating
the Model 3400DMM are contained in this chapter,
and they should be read carefully before using

Instruction Manual your multimeter.

CARDBOARD CUNTAINEQ\

I~ FBAMPLASTIC
LINER

ENCLOSEDLITERATURE MODEL 3400DMM

Fig. 2-1. Model 3400DMM, Shipping configuration
2-1
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WARNING:

Binding posts at the front panel are paralleled
with correspending terminals at the real panel.
Signal voltages may be present at the front panel,
therefore, and extreme caution should be exercised -
in handling front panel controls.

Table 2-1
FRONT PANEL CONTROLS AND INDICATORS (FIG. 2-2)

NOTE

Complete operating instructions follow the description of controls and indicators.

Fig.
Ref.

Control/
Indicator

Description Function

DC

AC

k Q

RATIO

Vx (J2,d3)

Rx (J1,J4)

GUARD (J5)

DATA DISPLAY

Push switch Selects DC vecltage measurement mode
of DMM operation. Is interlocked
with other modes so that it is
pushed out upon selection of
another mode.

Push switch ' Selects AC voltage measurement mode
of DMM action. Is interlocked with
other modes so that it is pushed

out upon selection of another mode.

Push switch Selects resistance measurement mode
of DMM operation. Is interlocked
with other modes so that it ig ‘
pushed out upon selection of
anotner mode.

Push-push switch Selects RATIO measurment mode in
conjunction with the voltage select

Two 5-way binding posts Connection for input voltage, AC or
DC, or resistance.

Two 5-way binding posts Current source and sink terminals
for resistance connection. Connec-
tion for voltage ratio reference
input.

One 5-way binding post External connection to guard
shield.

7-segment LED indicators Displays digital readout for a
maximum of 19999. Decimal point is
selected automatically and appears
in the appropriate location to
indicate value of a direct reading.
Sign is displayed automatically
when in DCV or DC/DC measurement
mode.

COPYRIGHT 1977 PRINTED |
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Fig. 2-2. Model 3400DMM, Front Panel Controls and Indicators

Fig. Control/ o
Ref. Indicator Description Function
9. ANNUNCIATORS 4 LED elements Indicate selected measure mode
10. RANGE DC Push switch for manual range Selects value of full scale range
.1 selection to be used by DMM in measuring
1 input. Is interlocked so that
10 only one may be in at a time.
100 10K for use with kfxfunction only.
1K
10k (k @)
11. AUTO Push switch for automatic Initiates DMM operation to locate
range selection range for which the input signal
will be measured between 10% and
200% of full scale.
12 POWER Push-push switch vApp!fes or removes source power to
multimeter power supply circuit

COPYRIGHT 1977
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Fig. 2-3. Model 3400DMM, Rear Panel Controls and Indicators
Table 2-2
REAR PANEL CONTROLS AND INDICATORS
Fig. Control/
Ref. Indicator Description Function
1. Line Cord 3-conductor line cord Connects 110 or 220 VAC power
2. Fuse Receptacle and holder For 2/10 amp slow-bTow line fuse.
3. Remote 44-terminal connector For remote operation/control
4. Line Voitage Switch Slide switch Connects proper transformer voltage
taps so that Model 34000DMM w111 wor
in user area.
5. Input ; 5-pin connector For remote input signal
6. ginding post Chassis ground Ground terminal for chassis ref
2.3 LOCAL & REMOTE OPERATION the connection for applying an external trigger

The Model 3400DMM may be operated by
connecting the signal to be measured to the
binding posts at the front or to a 5-pin connector
on rear panel, and the measurement may be made
either by operating front panel controls or by
applying appropriate control signals to rear panel
connector terminals. The measured value is dis-
played on the bright front panel LED display and
is simultaneously available in parallel BCD output
at terminals of the rear panel connector. The
front panel display is direct-reading {(Ratio X10)
and includes an automatically-positioned decimal
point, plus or minus polarity sign (if appropriate
to the measurement), lighted annunciator to indi-
cate the mode of measurement being made (DCV, ACV,
k@, or Voltage Ratio); while the rear panel
connector provides signal indicators of these
measured characteristics. In addition, the rear
panel connector provides signals to indicate when
the output BCD data and polarity are valid, and

()
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and for holding a previous conversion.

2.3.1 Guard Connections.

Instrument construction provides a GUAR
circuit connected to the internal shieid surrou
ing the analog and A/D sections of the instrume
and i1solated from any analog input or external
ground. Prior to any measurement, a proper
GUARD connection must be made in order to bring
the internal shield as cliose as possible to the
voltage potential of the low side of the input
circuit. The GUARD connection should be made t
minimize the common mode currents through the
voltage measuring circuit, and it should be
connected to the Tow side as close as possible
to the voltage source. If it is not feasible t
connect at the source, make the connection be-
tween GUARD and the low side of ihe input at
the DMM front panel.

DATA PRECISION LORPORATIC
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2.4 FRONT PANEL (LOCAL) OPERATION

2.4.1 DCV Measurement

a. Connect signal inputs as shown in
Figure 2-4. O(Observe precautions concerr.ing max-
imum input and common mode voltages. See speci-
fications, para. 1.3.

b. Select DCV mode by operating DCV push-

button. Observe Annunciator "DC".

¢. If manual ranging is to be used,
select range scale for maximum resolution of input
signal. Start by operating X.1 range (10uV reso-
lution). If range scale is too low for the input
signal, the conversion will result in an out-of-
range display, the polarity sign remains lighted,
while all digits are blanked. Select the X1
scale, and observe the display. Continue until
the display indicates an in-range measurement.

d. If auto-ranging is to be used, select
auto-ranging by operating AUTO pushbutton. Wait
until the display is complete (no blankina) as the
Model 3400DMM performs successive conversions
until the proper range scale is automatically
selected.

. Read the display directly in volts
with indicated polarity.

2.4.2  ACV Measurement

a. Connect input signal as shown in Fig-
ure 2-4. Observe precautions of maximum input
voltage. See specifications, para. 1.3.

b. Select ACV mode by operating ACV push-

button. Observe annunciator light "AC " in
Dispilay.

— O VOLTAGE

Vx § o1 Hi INPUT

Rx p ! ) SIGNAL
- A Lo SOURCE

Fig. 2-4. Voltage Measurement connections

2-5
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L. If manual ranging is to be used, select
the range scale for maximum resolution (X.1), and
observe display. If out-of-range indication is
displayed (see above), select X1 range scale, and
repeat until converted value is displayed.

NOTE: Polarity sign is not lighted
for ACV measurements.

d. If auto-ranging is to be used, operate
AUTO pushbutton and wait for in-range displayed
value.

. Read directly in RMS ACV.

2.4.3 Resistance Measurement

a. Connect input resistance in one of the
input configurations shown in Figure 2-5 or 2-6.
Four-wire connections, if possible, provide the
most accurate measurement of the unknown resis-
tance, eliminating effects of lead length and
contact resistance in the conversion. Observe
precautions of maximum input voltage if "live
circuits" are to be measured.

DATA PRECISION CORPORATIONM
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© ©—

Rx Vx

unknown

© ©—
GUARD

©

%

g R anknown

Fig. 2-5. Resistance Measurement, 4-wire

b. Select resistance measurement mode by
operating k Q pushbutton. Observe Annunciator
"KQ" in-Display.

. If manual ranging is to be used;
select range scale X.1 for maximum resolution
(10 miiliohm ), Observe display. If out-of-range
indication is cdisplayed, select X1 range scale,
and continue until in-range measurement is dis-
played.

NOTE: For resistance measurement,
there are 6 possible range scales,
as distinct from the 5 scales

available for voltage measurements.

d. If auto-ranging is to be used, operate
the AUTO pushbutton. Wait for in-range conversion
to be displayed.

e. Read the resistance directly in
kiTohms.

2.4.4 Voltage Ratio Measurement

a. Connect the DC reference voltage
(+1V to +11V) -to the reference Rx inputs and the
AC or DC "unknown" voltage to the Vx inputs as
shown in Figure 2-7. Observe same precautions
about the unknown input as for the ACV or DCV
measurements.

b. Select voltage ratio mode by operating
RATIO pushbutton. Operate proper DCV or ACV push-
button depending upon unknown input. Observe
appropriate Annunciator light in Display.

2-6
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Fig. 2-6. Resistance Measurement, Z2-wire

L. If manual ranging is to be used,
select X.1 range scale for maximum resolution
(1.00000:1). If resulting measurement is out-of-
range display, select X1 range scale, and continue
until in-range measurement is displayed {or
overload input persists on X1000 range).

d. If auto-ranging is to be used,
operate AUTO pushbutton. Wait for in-range
display.

e. Read display. Divide the displayed
value by 10 to obtain the measured ratio. For
DC input voltages, polarity dispiay indicates
polarity of the "unknown" DCV with respect to the
positive reference input.

T © be
b REF
v ) SOURCE
@ © —
' 1
L
!
Rx Vx 1 :
L UNKNDWN
S N VOITAGE
@ B (O b
(oy_-———“I» ——

rig. 2-7. Voltage Ratio Measurement connections
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2.5 REMOTE (PROGRAMMED) OPERATION

2.5.1  System Connections

a. Input Signals may be connected %o the
rear inpit connector as shown in Figure -8, not-
ing that external system programming may be used
to switch the "reference" inputs from the
normally guard-shorted function to active inputs

when switching from ACV or DCV to Resistance and
Ratio measurements.

b. Input Control and Output Data and
Status Signals should be cabled as shown in Table
7% K typical system connection is shown in
Figure 2-9, and that illustration identifies

some of the functions that may be performed by
the control inputs and status outputs.

2.5.2 Remote (Programmed) Mode and Range Scale

a. Release all front-panel Mode and Range
Scale selection pushbuttons so that none remains
actuated, and all are in reéleased position.

b. Check the status of the Mode SEL
{pin 5) and Range SEL (pin 21). A low level at
these pins indicates that all front panel switches
have been released, and that these selections may
be programmed externally. A high level for these
SEL signals may be used to inhibit remote pro-
gramming.

c. Program the desired measurement mode
and range scale by applying DTL/TTL - compatible
low levels to the appropriate terminals as
defined in Table 2-4. Active control methods
must utilize open collector structures.

2.5.3  Remote (Proqrammed) TRIGGER and HOLD

2. Apply a low level to HOLD {(pin H) to

b. To initiate remotely controlled
conversion cycles, raise TRIGGER (F) to a nositive
Tevel for at least lusec and retain the high level
for up to 16 msec. (See timing waveform of
Figure 2-10.)

L. The DMM Model 3400 will complete as
many conversion cycles as possible as long as
TRIGGER (F) is at high Tevel. The minimum dura-
tion of a conversion cycle is 39+2ms (600kHz
clock) or 46+2ms (500kHz clock). To Timit the
operation to a single conversion per trigger, the
TRIGGER control signal should be less than 16
msec.

RESISTANCE
SIGNAL
SOURCES

VOLTAGE
SIGNAL
SOURCES

]
SYSTEM
PROGRAMMER
8

CURRENT
SIGNAL
SOURCES

MODEL 3400

REFERENCE
SIGNAL
SOURCES

: . . Fig. 2-8. Programming via Rear Input Connector
prevent internal triggering control.
« All PZ{SAWPLE INTEG) 20 NIZ »er
Table 2-4 AUTO Bj2 RATIO 10 P13 800
MODEL 3400DMM REAR PANEL CONNECTOR, YI0R cf3 i 8000 R:14400
: XT000 D{4 TC 4000 S{15 200
Designations for DATA, STATUS, SIGN VALID E? SEL(MODE) 2000 T{16 100
. ' TRIGGER Fi6 KO 1000 U117 X100
and CONTROL signals o rﬁ7 BEADY 5 vie %
sten Jlg 10,000 4 whe X1
DATA YALID K19 GND(DIG) 2 xl20 XI0
* L110 80 1 )21 SEL(RANGE)
wwn hor Somnected 1 REED Mi1l 40 * 7l72 *
2-7
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PRINTER
@ BCD DATA OUT {17 LINES) DATA
- DATA VALID )
2 O— oUTPUT > VX, RX K DATA ENABLE
=
g . @ SIGN OUT ol sion
z .
2 MUX INPUT S/H SIGN VALID
z . MODEL 3400 DMM SIGN ENABLE
=, (INTERNALLY TRIGGERED CONVERSION) RANGE (6 LINES)
3 @ DECPY
H oD READY P
Rl O =
O— @ HOLD BUSY
*# ¥+ READY
PRINT
CHANNEL smcxi I @ ey
T — DIG GND
CODED »  ADDRESS P2 @ @ BmCOMMON
CHANNEL ! ADVANCE ~ W
ADDRESS |
32

¢ SEE TABLE 2-4
#& URY CONTACTS OR QPEN COLLECTOR

oo MAY BE AC-COUPLED '

Fig. 2-9.

2.6 MIXED LOCAL (FRONT PANEL) AND REMOTE

(PROGRAMMED) OPERATION

Local and remote operation of Model
3400DMM are not mutually exclusive. That is, some
multimeter functions may be controlled by remote
programming while the others are controlled by
front panel operation. For example, measurement
mode and range scale selection may be accomplished
by front panel (local) operation, while conversion
start is controlled by external triggering (remote).
Or, for another example, mode selection may be made

Typical remote system operation of MODEL 3400DMM

by front panel control while range scale selection
simultaneously is made via system program control
(or vice-versa). When a selection is made at the
front panel, the rear connector control line
becomes a status line and indicates the selection
by appearance of a DTL/TTL - compatible low levei
on the line. In all combinations of local and
remote control, however, the Data Output and
conversion status signals are available at the
rear connector as well as by visual display on
the front panel.

e

PERIOD DURING WHiCH

A

REMOTE TRIGGERING IS POSSIBLE
(INDEFINITE)

-1 usec

fe— < 16msEC

2100 MSEC FOR SOOKHZ CLOCK{50HZ MAINS)
2 82 MSECFOR 600KHZ CLOCK(60HZ MAINS)

| T

FOR CONVERSION OF
r FULL SCALE RANGE INPUT

READY @ L
4
=10

START CONVERSION
PHASE 1

EOC

I

$

|t
4 MSEC —Ww :‘—
[
']
it

INTERVAL DURING WHICH DATA
IS BEING UPDATED.
DATA OUTPUT MAY NOT BE VALID

Fig. 2-10. Trigger generating waveforms
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3
CALIBRATION

Data Precision Model 3400 Digital Multi-
meter is an extremely precise and stable instru-
ment. Its 6-month specified accuracy should last
for Tonger than the specified perjod. It is
advisable to check the instrument perjodically.
When doing so, follow all procedures carefully
and observe all precautions.

3.1 CALIBRATION VERIFICATION

Data Precision recommends establishing and
maintaining a performance history log of the
Multimeter. Transfer the certified factory per-
formance test data as the initial entry. In order
to have a locally available test performance for
comparison, it is suggested that the instrument be
tested against an available standard as soon as it
is unpacked and the test results be recorded at
that time. The instrument should be checked
thereafter every six months.

3.2 PRELIMINARY SET UP CONDITIONS

2. Establish a solid ground connection
from the case to the power source ground. If the
third wire of -the three-wire power cord does not
carry through to main power ground, ground the
meter case with a clip lead attachment to the
ground binding post at the rear panel.

b. Accuracy of standards used to cali-

brate the multimeter should be verified before
recalibrating the instrument. Errors of

Table 3-1 TABLE OF CALIBRATING EQUIPMENT
Procedure Type/Model No. Performance Sbecs/Acc. Require.
DC Volts COHU/Model 355 1V range + .001% rdg
-10V range + .001% rdg + 5 uV
100V range + .001% rdg + 20 uV
1000V range + .001% rdg + 40 uV
AC Volts HP/Model 745A TmV to 100V:
50Hz-20kHz + .02% rdg + .002% range
’ + 10uv
20kHz-100kHz + .05% rdg + .005% range
+ 50uV
HP 746A 1060V to 1000V:
50Hz-20kHz + .04% rdg
20k Hz-50kHz + .08% rdg
Resistance JULIE/DMR-105A (.001%) 1 kilohm to 10 megohm + .001% in decades
JULIE/NB-106-1M (.0015%)
JULIE/NB-107-10M (.003%)
Normal Mode Data Precision Counter 600.000 kHz +0.2 Hz
Rejection Model 5740 500.000 kHz +0.2 Hz

3-1
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standards should be no worse than 20% of the
tolerances specified for the multimeter.

3.3 CALIBRATING EQUIPMENT TABLE

The equipment in the table is recommended
for use in the calibration procedure. Substitute
units may be employed provided they meet the
specified accuracy characteristics.

3.4 ACCESS TO CALIBRATION ADJUSTMENTS (FIG. 3-1)
ATl calibration adjustments are accessible
after the meter top cover is removed. The cali-
bration components {trim pots & trim caps)

are mounted on the main circuit board; those in
the analog circuit may be reached through openings
provided in the GUARD shield, while the single
digital circuit adjustment (trim capacitor) is
located adjacent to the Guard among the digital
circuit components. A summary table of calibra-
tion procedures is located on the inside top
cover,

CAUTION

Do not remove the Guard during
Calibration Process.

3.5 CALIBRATING SEQUENCE

A1l adjustments are made with the Model
3400 in operation. Perform the calibration in the
following sequence (after 30-minute warmup) :

a. C]ock frequency

b. Zero baseline

c. Reference vo]tage

d. Buffer X10 Gain control

e. Input divider network

f. AC frequency response

3.5.1

—_—

Clock Frequency Adjustment

2. DMM normal mode rejection is optimized
(with respect to rejecting Tine freguency noise)
by adjusting the clock frequency so that 10,000
counts of the clock is an integral multiple of
line frequency cycles. Thus, for a 60-cycle line
frequency, the clock has been factory-set for 600
kHz; while for 50-cycle or 400 cycle line frequen-
cy the clock circuit is tuned for 500 kHz. The
clock may be field calibrated for line frequencies
other than the standard 50, 60, or 400 Hz, or

may be recalibrated to the 500 kHz or 600 kHz values
by adjustment of C13 (see Figure 5-1.).

3-2
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b. Use the frequency meter (5740) to
determine the value of line frequency.

€. Using the frequency meter with X20
ATTEN, measure the frequency between the R4-
R5 junction and DIG GND. Adjust C13 for the
appropriate value of clock frequency as deter-
mined in step b, above.

3.5.2  Zero Baseline Adjustment

a. Select DCV measuring mode.

b. Select X10 range scale.

C. Short input with a jumper between

HI and LO of Vx at input terminals.

€. Adjust R23 for a display of 00.000
and a polarity sign that flickers between plus
(+) and minus (-).

o
R42;’ 1 C54
¥
R4j | !
€25
R39! !
R38 | IR4C
ca7)

;CIS

D

LOCATION RI

OF ADJUSTMENTS yd
- RIS
Ri4

ADJUST ONLY IN
ACCO-DANCE WITH
CALIBRATION PROCEDURE

. R23

]

R28

Fig. 3-1. Access to Calibration adjustments
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3.5.3 Reference Voltage Adjustment 0. Select range scale X10.
2. Apply -1.90000 VDC to input Vx. 2. Apply +19.0000 VDC input signal.
b. Select Range Scale X1. . 9. Adjust R38 for display of +19.000.

£. Adjust R15 for display of -1.9000 .
3.5.6 AC Frequency Response Adjustments

3.5.4 Buffer X10 Gain Adjustment ‘ a. Select ACV measuring mode.

4. Apply -.190000 VDC to input Vx. b. Select range scale X1. | ¥

b. Select range scale X.1.

c. Apply 1.9000 VRMS sinewave at 200
Hz to input.
¢. Adjust R28 for display of -.19000.
- d. Adjust R11 for a display equal to
applied input.
3.5.5 Input Divider Network Adjustments

: L e. Select range scale X1K.
4. Select kQ measuring mode.
f. Apply 200.0 VRMS sinewave at 20 kHz
b, Select range scale X1. to input.
c. Connect resistance of 1.00000 k @ |~ ) )
to input terminals using the 4-wire input config- ‘gé__AdJuSt C15 for a display value equal
uration as shown in Chapter 2. to applied input value.

NOTE: Any resistance, known to a tolerance of h. Select range scale X100.
+ .05 Q2 may be used.

i. Apply 190.00 VRMS sinewave at 20
kHz to input.
d. Adjust R42 for display of 1.0000, or
to the value of the known resistance. j. Adjust C54 for a display equal to
applies 1nput value.
&. Select range scale X10.
k. Select range scale X10.
f. Apply resistance of 10.0000 k @
(or accurately known comparable value, +0.5Q). 1. Apply 19.000 VRMS sinewave at 20 kHz
to input.
Adjust R41 for display of 10.000 or
the accurately known value. m. Adjust C25 for a display equal to
applied input value.
h. Select range scale X100.
n. Select range scale X1.
i. Apply resistance of 100.000 ko, :
or accurately known comparable value +ha. ' 0. Apply 1.9000 VRMS sinewave at 20 kHz
, to input.
J. Adjust R40 for display of 100.00 or
accurately known input value. . Adjust C27 for a display equal to
applied input value.
k. Select range scale X1K.

1. Apply resistance of 1000.00k 2, or 3.6 POST-CALIBRATION

accurately known comparable value +50Q .
As calibration is completed, enter date

. Adjust R39 for display of 1000.0, or below and initial. Turn off power. Reassemble
the accurately known input value. unit by replacing cover.
n. Select DCV measuring mode. (See Table 3-2.)
3-3
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Table 3-2
CALIBRATION RECORD

Date

Calibrated By {Name"

Date

Calibrated By (Name)
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4.1 GENERAL, CHAPTER PLAN
This Chapter is divided into two main
parts. The first part briefly describes the oper-

ation of the Model 3400DMM in terms of functional
blocks which are grouped into major subsystems.
The second part contains more detailed performance
descriptions with reference to circuit schematics.
This second part is intended to provide repair
technicians with circuit descriptions as back-
ground for later troubleshooting and repair
operations, and may be omitted without detracting
from an understanding of the Model 3400DMM per-
formance.

4.2 SYSTEM BLOCK DIAGRAM (FIGURE 4-1)

As shown in Figure 4-1, Model 3400DMM con-
sists of six operating subsystems and a power
supply subsystem. The analog A/D and input
conditioning sutsystemsare isolated from the
others by opto-isolators and relays for maximum
system flexibility and noise-free performance. In
addition the power supplies for analog and digital
circuits are decouplied by appropriate transformer
shielding to maintain the integrity of the analog-
digital isolation.

4.2.1 Sianal Conditioning Subsystem

The signal conditioning subsystem, under
control of front panel selectors or rear panel
signals, scales the input signal to 1 volt for
nominal full scale (2 volts, including 100% over-
range}. The signal conditioning subsystem includes
the precision voltage divider network for DC sig-
nals of 1 volt or more, and the necessary AC/DC
rectifier and scaling for rms-to-output scale
factor conversion of input AC signals.

Inputs of less than 0.1 volt are signal
conditioned for the nominal 1 volt full scale, but
are scaled by changing gains in the analog A/D
subsystem. The control signal for this operation
is transmitted to the analog section via opto-
isolator to maintain the analog-digital isolation
when in the X.1 range scale. (Figure 4-1.)

4-1
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4.2.2 Mode & Range Control Subsystem .

The mode and range control subsystem
translates the front panel switch selections or
rear panel signal inputs to the relay-operated
precision network and input configuration switch
contacts required for the signal conditioning
subsystem. This subsystem also includes the
digital logic programming that responds to the
out-of-range signal from the digital program-
ming subsection so that when in auto-ranging
operation, the range selection operates as
required to select the appropriate range for
the input signal.

4.2.3 Analog A/D Conversion Subsystem.

The isolated analog A/D Conversion
Subsystem, under program control provided by the
Digital Programming Subsystem, translates the
conditioned analog input to a proportional time
interval indicated by the EOC output of a
binary comparator. The A/D conversion is accom-
plished by the unique Data Precision Tri-
PhasicT™™ 3-phase conversion technique that (1)
auto-zero's the circuit to store an off-zero
compensation, (2) integrates the conditioned
input for 10,000 clock counts, and (3) inte-
grates a precise reference of opposite polarity
until the charge on the integrating capacitor
is removed. The polarity of the conditioned
input is indicated by the comparator output at
the end of the second phase and transmitted via
opto-isolator to the digital programming sub-
system. The end of conversion (EOC) is similarly
transmitted at the end of phase 3.

4.2.4 Digital Programming Subsystem .

The Digital Programming Subsystem, in a
cycle enabled by internal or external trigger,
generates the phase control signal levels for 3-
phase A/D conversion, including the selection of
proper polarity of the reference from the Iso-
polar™ reference circuit. This subsystem also
includes the counter and logic circuitry that
translates the time interval from the A/D into

DATA PRECISION CORPORATION
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multiplexed BCD data codes (parallel by bit,
serial by digit) for the Display Subsystem and
directly for the Output Subsystem. It also
provides the control signals for the decimal point
and the polarity in the Display Subsystem.

If the Digital Programming Subsystem does
not receive an EOC indication within 20,000 counts
of the start of the reference integration phase,
it generates out-of-range control signals that
blank the display, and when in auto-range,
initiate a programmed range-scale change to select
the suitable range of at least 10% of full scale;
or, if already at maximum range scale, maintains
the out-of-range blanking indication.

4.2.5 Display Subsystem.

The Display Subsystem translates the mul-
tiplexed BCD data from the Digital Programming
Subsystem into a 7-segment LED display of 4 full
decades and MSD "1" values, lights the selected
decimal point, polarity sign (if DCV or DC Ratio),
and annunciator. If the signal is out-of-range,
the Display responds to the blanking control by
blanking all digits; the decimal point, and
polarity sign (if appropriate) remain lighted.

4.2.6 Input Control & Output Status Subsystem.

The Input Control and Output Status System
routes DTL/TTL - compatible signals in to and out
of the Model 3400DMM. Remote system programming
may select the measurement function, the range
scale {or autoranging), initiate up to 12/sec (for
max. input to 60 Hz instruments), or hold
measurements indefinitely. Output data in BCD
format are available in parallel output lines, and
status lines indicate the range scale (locating
the decimal point), the polarity (for DC signals
or DC RATIO), when the data is valid (not over-
Joad, or while range selecting in AUTO), and when
polarity is valid (for + DCV inputs). In addi-
tion, when in local (front panel) control, the
output lines indicate the mode and the range scale
selected, and when no selection of either has been
made at the front panel.

4.2.7 Power Supply Subsystem.

Model 3400DMM may be sourced from either
105 to 125 VAC or 210 to 250 VAC at nominal line
frequencies of 50, 60, or 400 Hz. It develops the
necessary analog and digital power supplies in the
Power Supply Subsystem. The analog and digital
supplies are isolated for optimum noise-free per-
formance and versatile system applications.

\ l ANALOG
5  —
POWER
AC SOURCE DIGITAL §{ r——}
|
POWER
1y
1
1
GUARD
f—'_"—“"""""_“‘—_—""’_""_‘—“__!
| |
TREPHASIC
NPUT | SIGNAL !
A/D SUBSYSTEM
_j’) CONDITIONING I
| SUBSYSTEM ANALOG §
[ R |
} }
GUARD i 3 !
—LL - RELAYISOLATOR }— — e — % — OPTO-iSOLATION - — &
RANGE A
MODE SCALE 5
SELECT 1 RANGE T a POL/EOC
[ PHASE CONTROLS |&
MANUAL
MODE - =
MODE & RANGE DIGITAL DATA , DECPT DISPLAY
& PROGRAMMING
SUBSYSTEM POL !
RANGE_DO_‘ SUBSYSTEM . OVLD SUBSYSTEM
SCALE
| [
i
ANNUNCIATOR
1
INPUT CONTROL
DIGITAL & OUTPUT DATA DATA AND CONVERSION
.
CONTROL & STATUS STATUS OUTPUTS
SUBSYSTEM
Fig. 4-1. Model 3400DMM System Block Diagram
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4.3 SYSTEM TIMING & WAVEFORMS (FIGURE 4-2)

Each conversion of conditioned input to
digital display and signal outputs is initiated by
a TRIGGER command that is generated internally, or
that may be applied through the rear connector by
the system programming. The conversion is com-
pleted in less than 80 milliseconds (60 Hz
instruments) for maximum input signal variations
between conversions. Each conversion is compiete
in itself, independent of previous conversions,
and auto-zeroed for a minimum of 10,000 clock
counts at the start of each conversion.

Application of a TRIGGER command (internal
or external), enables the Digital Programming
Subsystem to generate or continue a Phase 1
control signal (P1) that starts or continues the
auto-zeroing phase of the Tri-Phasic A/D con-
version after completion of any conversion in
process. This lasts for at least 10,000 counts
of the crystal-controlled clock, after which the
programmer generates a Phase 2 control signal
(P2), for the input integration phase. The Phase
2 duration is also 10,000 counts, after which the
programmer generates the selection of the polarity
of the reference, issuing a P3* of P3- control
level (for positive and negative inputs,
respectively), for the reference integration
phase. Phase 3 ends with the generation of an
EOC signal through the opto-isolator Z29 when the
comparator senses a zero-voltage level in the
A/D converter. If the EOC signal does not appear
within 20,000 counts after the start of phase 3,
the Data valid line will go Tow and the display
will be blanked.

Figure 4-2A illustrates the timing rela-
tionships for an input within full scale range
(less than 20,000 counts in Phase 3) among the
control and status signals. Figure 4-2B shows the
change in waveforms for an out-of-range signal
(over 20,000 counts).

4.4 SIGNAL CONDITIONING
4.4.1

DCV_Measurement Mode (Fiqure 4-3).

When in DCV mode, input DC signals are
connected to the input attenuator network through
contacts of mode relays "KM". Figure 4-3 illus-
trates the connections for a X100 input range.
Note that the signal is passed through without
attenuation in the X1 range; the scaling for X.1
range is accompiished in the A/D converter block
and will be described in detail later.
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Fig. 4-2. System Timing Diagram
(A) In-Range input; (B) Out-of-Range input.

When attenuation is required (X10, X100,
X1000), the input is terminated in 10 megohms,
while in the other range scales {X.1 and X1), the
input impedance is essentially that of the ana]oq
input stage, or 1000 megohms, minimum.

Parallel capacitances shown schematically
in Figure 4-3 are not active in DCV signal condi-
tioning. They are used to calibrate the network
for ACV signal conditioning as described in para.
4.4.2.

The resulting attenuator actions of the
KR relays for voltage and resistance modes are
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CONNECTION FOR X1 RANGE SCALE
FE L KA AT Y KM1D

KM1A

® RELAY-OPERATED CONTACT

KXXX
LEAF CONTACT

Y SYMBOL NO
KR58 RELAY S

R= RANGE SELECT
TO A/D INPUT M= MODE SELECT
RELAY REF

xnzs(& L_
Graphic Symbol Conventions

R40

DCV INPUT SIGNAL SOURCE

Ay
JT
=
=
w
™

summarized in Table 4-1. The table a]sq 1nq1—
cates the appropriate decimal point activation
controlled by the relay action. Note that the
10K range scale is useful only when in resistance

KRB X measurement mode.
H

4.4.2 ACY Measurement Mode Sigral Conditioning

—
KM2B When in ACV mode, the input AC signal is
connected to an active broad band attenuator
O configured by the action of the mode relay and
the range relay contacts. The mode relay {KM)
contacts connect the prec1§ion attenga@or in the
feedback path of an operat}ona1 amplifier,
<t7 : providing the instrumentation for range scale
attenuation, as shown in Figure 4-4. The
attenuatd AC signal is then processed by the
RMS Converter circuit so that the attenuated

Fig. 4-3 Input Divider Network, simplified
schematic for X100 Range

Tabie 4-1 )
RANGE RELAY LOGIC TRUTH TABLE
Kl D.C. - RATIO A.C. - RATIO
- = — T Jecimal Point Location to Left of
RANGE  KR1 KRZ KR3 KR4 KRS| [RANGE KR1 KR2 KR3 KR4 KR5{ [RANGE KR1 KRZ Kf}ﬁ_fﬁfﬁffs  (Notel) ..
1 o 1 1 1 o|lpk1 o o o o offpk1 o o 0 D ’ n
X1 0 ot o 0 X1 0 0 0 0 X1 0 0 0 5 6 03
X10 0 bk 0 ol [xio 1 0 0 0 0 X10 0 1 0 o 0 w
X100 o 1 o o of| ke 1 1 o o of oo o 1 I T o
X17000 0 O 0 0 0 [X1000 1 1 1 o ol oo o 1 i 10 To right of Di
X10K 0 0o 0 0 1| kKK ¥ 1 "1 0 0 K. 0o T

Note 1: DI is least significant digit, D5 is MSD "
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input AC signal is scaled for nominal 1.0VDC
full scale input to the A/D converter. This
scaling permits the output display to be read
directly in RMS units for AC inputs.

4.4.3 Resistance Mode Signal Conditioning

(Figure 4-5).

Model 3400DMM utilizes the dual-slope
operation of the Tri-Phasic A/D conversion
technique to make accurate and ultra-stable resis-
tance measurements. The unknown resistance is
connected in series with a relay-selected
precision range scale-resistance and in series
with a known voltage source as shown in the
simplified schematic of Figure 4-5A. During
Phase 2 of the Tri-Phasic conversion, the voltage
developed by the resistance connected between HI
and LO input terminals is the input for the
unknown integration phase through P2-operated
switch Q13. Then, in Phase 3, the voltage across
the selected range scale resistor, which has
charged capacitor C39, is the input for the
reference integration phase. The displayed value
may then be read directly in kilohms, and a
maximum reading of 19,999 kilohms—20 megohms) is
available on the sixth range scale (X10K).

This method of resistance measurement
obtains its high accuracy, in part because:

a. The developed voltages by the
unknown resistance and the precision range
resistor are generated by the same current in the
conditioning circuitry.

b. The 4-wire configuration eliminates
the effects of the contact resistances in the
measurement of resistor-generated voltages.

4.4.4 Ratio Measurement Signal Conditioning

(Figure 4-6).

When in Ratio Mode of operation, the
internal reference isreplaced with the applied
reference voltage for use during phase 3 of the
Tri-Phasic A/D conversion. S1qnal conditioning
of the input is accomplished in the same general
manner as when making DCV and ACV measurements
directly. The relay operation is modified to
account for the required signal conditioning of
the reference input which may be as much
+11VDC, and therefore is attenuated by a factor
of 10 before being applied in Phase 3.

KM18

ACV SIGNAL

INPUT SOURCE 1 KM1A
————

e

R9Y

PRECISION ATTENUATOR

RANGE RELAY
SCHEMATIC

TRUE RMS AC/DC CONVERTER
T0 A/D INPUT

LILYZAN

SEEDWG. 35-1048 —>

Fig. 4-4.
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AC Input Signal Conditioning, simplified schematic
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The division by 10 of the reference
results in a display value which is 10 times
greater than actual, and requires a compensating
manual division by 10 of the displayed result to
determine the actual measured ratio.

4.5 TRI-PHASIC A/D CONVERSION (Figure 4-7)

As explained in the introductory material
of Chapter 1, the 3 phases of a Tri-Phasic A/D
conversion consist of: Phase 1, during which the
voltage-generating drifts are sensed and stored
for subsequent compensation; Phase 2, during which
the conditioned input (1 volt full scale) is
integrated for a fixed time; Phase 3, during
which a precision reference voltage is integrated
for a time proportional to the magnitude of the
conditioned input. Figure 4-7 illustrates the
manner in which this technique is instrumented
in Model 3400DMM.

As shown in Figure 4-7, the conditioned
input is connected to the amplifier buffer stage
234 during Phase 2 by the operation of FET
switch Q13 by signal P2, and either +1V or -1V is
connected to 734 during Phase 3 by the operation
of FET switches Q6 or Q7, respectively, to reduce
the charge on integrating capacitor C49 resulting
from conditioned necative or positive inputs.

4.5.1 Phase 1 Operation (Auto-Zeroing)

During Phase 1, the P1 control signal
actuates FET switches Q8, Ql4, 016, and Q17

Closing switch Q17 places integrator 725
and comparator Z36 in a closed loop while switch
Q14 connects zero input to buffer amplifier 734.
During this time switch Q13 is open, and the
conditioned input is disconnected from amplifier
Z34. The closed loop servoes until all internally
generated non-zero signals are balanced at the
input to 735, and the capacitor C48 will be
charged with the necessary voltage (amplitude and
polarity) to "zero" the loop. (Integrating
capacitor C49 will have zero charge.)

At the same time, €39 is charged to the
reference voltage in the polarity sense shown,
through the charging path including FET switch
08, FET Q14, and relay KM2B.

4.5.2  Phase 2 Operation (Input Integration)

During Phase 2, the P2 control signal
actuates FET switch Q13; if in X.1 range, the gain
around amplifier 734 is multiplied by 10 by
closing FET switch Q16 and opening Q15. OUtherwise
Q15 is closed, for unity gain.

R14

KM2E

P1 Qs 06 P3
3
Rx(HI)
a7
Vaer KM2D | |
F1 S | = c3 i
! VA
! T' _ ' om
L1 r ': ! acy ! Q13 :
toVx | Vx t t
1 1 1 r
SIGNAL
Lo-d ; ! c38 ne ;
| CONDITION] P2 P1 014
1 TO A'DINPUT
Lo Lo H )
KM2B —
|
Rx(LO) %7

Fig. 4-6.
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Ratio Measurement Signal Conditioning, simplified schematic
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a. Opening switch Q14 removes the ground-
ing of input to amplifier 734,

b. Opening switch Q8 leaves capacitor C39
charged to 1 volt with polarity as shown, but it
has no effect in this phase.

c. Opening switch Q17 leaves capacitor
C48 charged with the "auto-zero" store and pro-
vides an offset signal to 735 that exactly com-
pensates for the non-zero signals within the Toop
at the end of Phase 1.

The conditioned input, amplified (or not)
through 734, is integrated in 735 and charges
capacitor C49 for the 10,000 count duration of
Phase 2. The output of Z35 drives high gain
amplifier 736 to saturation in the same sense as
the conditioned input, and the output of 736 with
respect to analog ground is indicative of the
polarity of the input. The state of 736 is
translated to suitable drive signal for the opto-
isolator and the isolated signal transmitted to
the digital logic programmer.

The Phase 2 signal (P2) is a high Tevel
for exactly 10,000 counts of the clock. This
averaging time base rejects normal mode signals
at frequencies of line frequency or integral
multiples thereof with extremely high attenuation.

4.5.3 Phase 3 Operation (Reference Integration).

During Phase 3, the digital logic program-
mer transmits a P3+ control (via opto-isolator) if
the conditioned input is positive; or a P3- con-
trol if the input is negative.

a. A P37 signal closes FET switch Q6 and
connects the +1V level to the input of 734.

b. A P3+ signal connects the + side of
C39 to analog ground, and thus places -1V at the
input to 734,

¢. Opening switch Q13 disconnects the
conditioned input from the input to amplifier
734,

d. The stored "auto-zerg" compensation
on C48 remains to correct for the internal non-
zero signals of the integrator-comparator Toop.

e. If switch Q16 were closed during P2,
it opens, and switch Q15 closes, establishing a
unity gain for 734 during Phase 3. Otherwise Q15
remains closed. (This combination multiplies
the gain of buffer amplifier 734 by 10 while
keeping the discharge time the same for full
scale inputs. The count is 10X as high, but the
decimal point location corrects for this.)

4-9

COPYRIGHT 1977 PRINTED IN U.S.A.

For an in-range input, Phase 3 lasts until
the change in state of comparator 736 output Sig-
nals the return of integrating capacitor €49 to
the initial condition. This change of state
changes the level to the opto-isolator, and thence
to the digital logic programmer which completes
the conversion cycle.

4.5.4  OQut-of-Range Control Signals.

If the input signal is out-of-range be-
cause it is greater than 100% overrange of the
range scale in affect, the change in comparator
output state during Phase 3 will not occur Within
20,000 counts of the clock. This circumstance
is sensed in the digital logic programmer sub-
system, and the programmer generates the appro-
priate out-of-range signal, blanks the display,
and provides remote indication of invalid data
on the output lines.

When the digital Togic programmer
Circuitry senses the out-of-range condition (no
EOC after 20,000 counts in Phase 3), opto-isolator
Z27B transmits control signal FC to the analog
circuit.

Contral signal FC actuates FET switch Q22,
closing a discharge path through R79 around
integrating capacitor C49. Additional charge that
may be needed to reduce the charge on C49 is
obtained from capacitor C64.

This action of the fast time constant
circuit in out-of-range conditions assures that
the integrating capacitor C49 will be at zero
charge by the beginning of Phase 1 (auto-zeroing
phase), and that the multimeter wil] be able to
operate correctly at designed conversion speeds.
Relationships of the voltage Tevels on C49 when
fast time constant discharge is operative are

“shown in Figure 4-8.

4.6 DIGITAL PROGRAMMING SUBSYSTEM

The Digital Programming Subsystem is
instrumented by 3 counters (26, 77, and 212),
Dual J-K Flip Flop (Z8), a scan oscillator,
crystal-controlled clock Circuit (see compliete
schematic in back of book), BCD-to-decade
decoder (Z25), AND, OR, NAND, EXCLUSIVE OR and
NOR gates, and several discrete components
(R, C, and Q), as well as the corresponding
portions of the opto-isolators that couple the
phase control signals to the A/D converter and
the EOC/POL signal from the A/D converter to
this subsystem.
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Fig. 4-8. Integrator Capacitor C49 Waveforms - Out-of-Range Conversion Cycle
4.6.1 The Programming Counters
. L. " 15 1 10 9
The counters in the digital programmer
are of two types: pre-settable up-down counters
(26 and Z7) and 4-decade counter with output P PP
register (Z12). As an aid to understand the L A B C %
circuit operation and the description that 5 cry Teypo——n2
follows, Figure 4-9 illustrates the truth table
lTogic instrumented in the up-down counter. R c
Figure 4-10 provides a block diagram of the Po TCpf° I
decade counter Z12. ’ Mg - Q, Qg Q. Qp
4.6.2 Trigger Generation (Figure 4-11),
14 3 2 6 7
The generation of a trigger is enabled by _—
the appearance of a high Tevel at Z6-2, signifying , MR PL | CPy CPD MODE
the end of a previous conversion (as described 0 X X X RESET
later). The Z6-2 output is one input to AND gate
. ; - . L] L X X PRESET
728-12. Until Z28-12 is actuated, its output is
- - L] H H H NO CHANGE
low, so that the output of gate Z18-11 is high,

L | H cp H COUNT UP
and no clock pulses are loaded through Z6 to 7Z12. Ll oH H cp COUNT DOWN
(26-11 needs a low level to LOAD.) -

Outputs. change state after LOW to HIGH
a. Local trigger generation commences of CP, or CPD
wjth the charging of capacitor (8, started by the U
High level from Z6-2 at the start of Phase 1. Fig. 4-9. Up-Down Counter, Block Schematic

& Truth Table
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Fig. 4-10 Decade Counter, Block Schematic

(In Tocal control the level of HOLD at pin H
follows the level on C8.) At some point in the
C8 charge cycle, determined by the time constant
of the capacitor and 22K, the charge level
exceeds the CMOS level required to change the
output state of Z21-4 from low to high, resulting
in the third high-level enabling gate 728-12.
This results in the change in state of 718-11
from high to Tow and changes Z6 to the LOAD
operation.

b. In remote TRIGGER control, C8 is
held at the Tow level by HOLD at pin H. When a
trigger is desired, the higi. level applied at
pin F, transmitted through Z21-10 to Z21-4
enables 728-12. When the next high level from
76-2 1is sensed at 728-12, Phase 1 counting is
initiated as for local trigger operation.

The phase control signal P1 (high) is
generated in 725 as soon as the ocutput level 76-6
goes high at the end of the previous conversion.
Therefore, the analog A/D conversion circuit
starts the autozeroing mode immediately after
the previous EOC, and remains in that mode for
the 10,000 counts that follow the generation
of the TRIGGER and enabling of the clock
through Z6-7 to Z12-2.

4.6.3 First Carry after Trigger (Figure 4-12),

At the 10,000th count from Z6-7 into
212-2, a CARRY pulse appears at 212-12. It is
clocked in Z22-8 by the next negative transition
of the clock pulse (through EXCLUSIVE OR gate
Z18-4) and places a second enabling level at
the input to AND gate Z22-6, whose output changes
and places 76 in RESET mode. As a result, all
Z6 outputs are set to low level, Z6-6 changes the
state of 728-12 and the output of decoder Z25.
At the output of 725, P1 goes high, while P2 goes
low. The P2 low level is transmitted through 726

(opto-isolator} , placing the A/D in Phase 2 operation.

After the carry pulse transition, the
reset control is removed from Z6, and the two low
inputs to EXCLUSIVE OR gate Z18-11 (from Z6-6 and
128-12) keep 76 in Joad mode, continuing clock
pulses to 712 from 76-7.

The reset pulse from Z22-6 also maintains
Z7 in reset mode through OR gate 720-11 and
after its transition, the low level at Z7-6
connected to 7Z7-11, places Z7 in load mode. This
will permit the transfer through Z7 of the sensed
polarity indicated by the A/D comparator output
during Phase 2 inputted to Z7-9 from the opto-
isolator.

el

FROM 26 2

TRIGGER RATE OSCILLATOR

HOLD

TRIGGER F

{#iGH AT START OF P1)

FROM Z6-6

TO 2611

LOCK UP) H
i

PL LOAD

RESET

)

1
'
1
1
CIRCUIT i
'
Lo — d

Fig. 4-11.
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4.6.4 Second Carry after Trigger

When counter 712 reaches 10,000 counts
during Phase 2, the carry output is clocked as
before, and the high output from 722-8 is loaded
into 77 so that output Z7-6 goes high.

EXCLUSIVE OR gate 7Z18-3 will see two
inputs of the same level at this time, so that
its output keeps gate Z22-3 from changing state
when the high of 27-6 is applied at the input.

The high level from Z7-6 is connected to
decoder 725 (pin 14), and the sensed polarity
level is connected to 725 (pin 15). Decoder 725
issues a P3- control if the input signal polarity
was negative, and a P3+ control if the input
signal polarity was positive (2+0, or 2+1).

The low-to-high level transition of Z7-6
is differentiated by C9 and pulses RESET of 712
at pin 7Z12-9, through OR gate 721-3. This action
holds the counter at zero (suppressing one count
input from Z6-7) assuring the appropriate FET
switching actions of the A/D converter have been
completed before starting Phase 3.

The high Tevel remains at Z7-6 so that 77
is in the count mode when the next CARRY occurs,
while at the same time enabling 722-3 for EOC.

4.6.5 Comparator lLevel Change at End of

Reference Integration---In Range.

When the A/D comparator output changes
state while in Phase 3, that change is sensed by
EXCLUSIVE OR gate Z18-3, which now sees two
different levels at its input. The 718-3 output
is applied to AND gate 722-3, previously enabled
by the high level of 77-6.

The high output of Z22-3, through OR gate
£20-8 Tloads 76 so that Z6-6 goes high. The
inputs to Z18-11 are now of different levels, so
that 76 goes into the count mode and effectively
stops the clock count from 76 to 212. 1Z6-6 also
is connected to 725, transmitting a P1 control
Tevel to the analog section.

The following action sequence occurs in
one SCAN cycle, controlled by the digit addresses
D1, D2, D3, and D4, and which take place in one
refresher cycle approx. 4 msec.

At D2, Z6 counts up, placing a high level
at 76-3. This high level is transmitted to out-
put connector on pin M, indicating the measured
data values are about to be updated and should
not be read.

COPYRIGHT 1977 PRINTED IN U.5.A.

At D1, Z19-6 changes state, resulting in a
low level at 7Z12-7, placing 712 in a transfer
mode, in which the counter value is transferred to
latches, replacing the values of the previous
conversion, and thence to the display. It also
resets /8B, setting a "minus" unless changed to
“plus" at D4 of the microprogram. .

At D4, and synched with the scan osc 714,
228-8 changes state and strobes the polarity by
transferring the new polarity value through Z8B to
pin J at the output connector. It also strobes
Z8A, to transfer the input to Z8A to output pin
K. Since we have assumed that this EOC occurs at
less than 20,000 counts (in-range conversion) the
data would be valid and the level at pin K is
high.

At D3, AND gate Z23-3 changes state, and
its output resets the decade counter Z12.

At D2 (the second count into Z6), the
upcount places a low level on Z6-3 and a high
Tevel at 76-2. This is the status at the start
of a trigger operation (see para. 4.6.2) and the
conversion cycle starts again.

A summary Timing Waveform for the digital
logic is shown in Figure 4-16 at the end of
this chapter.

4.7 OUT-0F -RANGE

An out-of-range signal is sensed if a
third and fourth carry pulse occurs from 712-12
before the EOC change in comparator output.

On the third carry after trigger, when
the input signal is in the 100% overrange speci-
fication and therefore “in-range", the clocked
output of 722-8 finds Z7 in a count-up mode
(Z7-6 is high, preventing a load mode), and sets
Z7-3 to a high level.

On the fourth carry after trigger, the
clocked carry input into Z7-5, adds "1" to the
counter, sets 7Z7-3 to a low level, and 77-2 to a
high level. The Z7-2 high level is inverted in
Z19-171 and sets Z8A K input to a Tow level. 727B is
turned on to initiate FC action.

Thereafter, when the change of comparator
output state is sensed, the 7Z8A strobe action
described in para. 4.6.5 places a low level output
on connector terminal K to indicate that the data
output fthat will appear at transfer action to the
output tatches is INVALID. The output of Z8A, in
addition, is a blanking pulse for the display.
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4.8 RANGE CONTROL & AUTO-RANGING SUBSYSTEM
(Fiqures 4-13, 4-14)

Under manual range control, the sensing of
an overload signal and the resulting blanked dis-
play, requires a manual change of range to a
higher scale, . if not already at the highest
scale. If data is less than 1/10 of selected
range, one may switch to a lower range scale,
except if already at lowest range scale, and
maintain an in-range reading. Thus, when in auto-
ranging, the Togic programmer must perform a
similar analysis of the circumstances. The logic
analysis is instrumented by the combination of NOR
gates (Z11-6, Z11-8, Z11-12), AND gate (Z28-6),
and NAND gates (Z19-8 and Z19-3), as shown in
figure 4-13.

The output of Z19-3 is input to the rang-
ing circuitry (Figure 4-14).

As shown in Figure 4-14 the ranging system
(after the logic analysis of Figure 4-13), con-
sists of range counter 75, decoder Z4, relay and
decoder drivers Z2 and Z3, and AND gates
724-3, 124-6, and 724-11.
4.8.1 Decision-Logic Action on Qut-of-Range
Signal {under range)

The logic requirements for activating a
change to a lower range when the conversion is
Tess than 1/10 of full scale are:

a. EOC level is present {conversion is
complete)

b. Not at lowest (X.1) range
c¢. In AUTO ranging mode
d. D4=0

e. BCD codes are zero

f. 5th decade (MSD)=0

Digit scan is high (addresses are not

changing)

NOR gate Z11-8 tests:
Digit Scan = high
5th Decade = "0" (M.S.D.="0")
B‘I - lXOll

NOR gate Z11-6 tests:
BZ = IIOII
84 = l|0”
88 = !IOH

NOR gate Z11-12 tests:
4th decade (D4) is selected
Auto-ranging = 0 (auto mode)
X.1 range scale not selected
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If any one equality test is not met, then
the output of AND gate Z28-6 is low, and when EOC
action sets Z6-3 high (see para. 4.6.5), enabling
NAND gate Z19-3, its output will be high - - -
and no input appears to range counter or to change
the input to the VALID DATA flip-flop Z8A. If all
conditions are satisfied, then 719-3 output is
Tow, setting Z8A (indicating no VALID DATA status),
and providing a count input to Z5 (Figure 4-14),
and calling for a lower range scale.

4.8.2 Range Counter & Decoder Action (Figure

4-14).

As shown in Figure 4-14, the two possible
out-of-range conditions for changing range are
control signals derived from the Digital Program-
mer Logic and are inputs to counter Z5. They are:

From Z19-3: A low level indicates the
conversion has resulted in a value whose count is
less than 1000, and a change to a lower range
scale is required.

From Z19-11: A low value indicates the
conversion has resulted in a value 220,000 counts,
and a change to the highest range scale is required.

Counter Z5 can respond to these control
signals when in auto ranging operation, because
the input to Z5-14 will be low, and the reset mode
is not effective.

If the decision action requires the highest
range scale, Z19-11 is Tow, Z5 is placed in LOAD
mode, transfering the inputs to the outputs and
the counter transmits a BCD equivalent of "O" if
the measurement function is resistance (K&Lis
Tow), or a "1" if the measurement function is
voltage or voltage ratio (K&u is high). Then
decoder Z4 provides a control signal selecting
the highest possible range scale (X10K for
resistance, X1000 for voltage).

If the decision action requires a lower
range scale, Z19-11 is high, Z5 is placed in the
COUNT mode, and the counter responds to inputs
at Z5-5. Each low-to-high transition occurring
at Z5-5 increases the count by one and the
corresponding BCD-to-decimal equivalent decoded
by Z4 reduces the range scale one step at a time.
When the lowest range scale (X.1) is selected,
then there is no longer a count input at Z5-5,
and the value is at the optimum resolution
scale, even though it may be less than 1000
counts. :

In summary, when first sensing a value
exceeding the selected scale, the auto-ranging
circuit selects the highest instrument range
scale and steps down in successive conversions.
Control signals for the selected scale remain
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active at Z4 outputs so that succeeding con-
versions are treated as continuation of the
process (whether or not the input has been
changed). Thus, if one of the succeeding
conversions requires a Jower range scale, it
will be selected automatically without having
to start at the highest scale available.

4.3.3 Range Counter-to-Relay Actuation.

Qutputs from the range scale decoder 74
drive switches Z2 and Z3, whose outputs are
jogically combined in accordance with the range
relay requirements of Table 4-1, and converted
to relay-driving signals.

When in auto-rangina, the status of the
range-scale selection by /4 are outputs at the
rear connector.

when in manual ranging, front panel
switching or remote programming may introduce
control signals on these lines and accomplish
the rance selection. (See Reference Schematic.)

4.9 DISPLAY SUBSYSTEM

4.9.1 Input to Display.

a. The Display Subsystem is continuously
updated with the data at the output of 713, the
decimal point from Z9, and the polarity from Z8.
The digital data and decimal point are multi-
plexed under control of the scan oscillator 714,
while the polarity is a steady state signal
<trobed out of Z8 at the end of each conversion
cycle. Annunciators in the display are turned
ON by the selection of the measuring mode.

b. When the decade counter 12 is
strobed by the appearance of a transfer signal
at pin 7 the counter value is transferred to the
output registers in 712, replacing the values
previously stored there. Then, as controlled by
the scan oscillator, the contents of each decade
are transferred to the Z12 output lines so that
the BCD codes for each decade are available at
the output terminals 14, 15, 16, and 1 for Bl,
B2, B4, and B8 respectively. The decade digit
for the available BCD data is identified by a
high level on the appropriate address line out-
puts of 212 for D1, D2, D3, and D4. The value
for the fifth digit, D5, is continuously avail-
able at Z12-13, and indicates a count of
10,000 when in-range (Figure 4-10).

c. Decimal data for the 4 least sig-
nificant digits are transferred to drivers in
713, whence they are transmitted to the Display
assembly and to the rear panel connector
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through ciutput storage latches 215 and 216 for
remote display and control operations. Qutputs
of 713 also drive the logic circuitry for out-
of-range control (Figure 4-13).

d. The polarity sign in the display is
not active when in either ACY or kilohms, or
ACY RATIO measurinn mndes because AND aate
723-8 places a low level on the control lines
to the Display assembly for these measuring
modes. The polaritysign output indication is
a single line (terminal J), and the validity
of the sign signal is indicated by the level
at terminal E, SIGN VALID.

4.9.2 Display Schematic (Drawing 35-1038) .

The referenced drawina appears at the back
of this manual. The four binary bits for the BCD
code are translated into appropriate 7-seqment
drives by Z1 and are applied in parallel to all b
decade digits, while the power for each digit is
multiplexed in synchronism with the digit value
through independent drivers Q1 thru 5.

The selected decimal point is also
refreshed at the multiplexed scan rate. Note
that the left hand decimal point for each decade
is controlled by the selection of the appropriate
Jower five range measurement scales. The X10k
scale requires a right hand decimal point, and
this is separately controlled by the range scale
selection through Z17-4.

4.10 POWER SUPPLY (Drawing 35-1042)

4.10.1 Sourcing the Model 3400DMM.

a. The Model 3400DMM mav be sourced
from either 115 or 230 VAC, 6J Hz to 400 Hz
power. The power supply generates isolated and
shielded analog circuit supply voltages of
requlated +7.5 VDC, unregulated +12.5 VOC, and a
precision thermally stabitized reference voltage
of +6.2 to 6.4 VDC. In addition, the power
supply provides the +5 VDC for the digital
circuitry through regulator Q2.

b. The input power voltage is filtered,
fused (F1), and switched (S3) to the primary of
transformer T1 which has been configured by the
rear-panel mounted slide switch 5S4 to accent
either 115 or 230 ACV source voltage. Both
transformer secondaries are shielded from the
primary, and the 19 VRMS secondary (developing
the isolated analog circuit power) is shielded
from the 8.4 VRMS secondary (for the digital

supply).
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4.10.2 Isolated Analog Supply.

The analog supply voltaae< are developed
from the 19-volt transformer secondary in a
full-wave rectifier circuit consisting of
CR33(KBP-02), followed by dual tracking regu-
lator 239, which is partially controlled by CR35
and 738. The full wave rectifier outputs are
filtered by capacitors €57 and €58 and supply
the +12.5V supply. Regulator Z39 develops a
constant current determined by R66 and from which

4.11 LOGIC TIMING

a negative supply (-7.5V) is determined by the
selection of R67. The positive output of 739

is requlated by servoing a divided portion of

its value with reference to the temperature
controlled CR35. This provides +7.5V at extremely
good regulation, as well as the +6.2 to 6.4 voltsy
for reference in the Phase 3 integration.

Internal circuitry divides the stable reference
supply from CR 35 to the value of +1V used in the
A/D converter during Phase 3.

Figure 4-15 illustrates the develcpment
of the logic timing waveforms through the digital

circuitry.
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5.1 GENERAL

a. Model 3400 Digital Multimeter uses solid
state components and integrated circuits, and is
designed for reliaple long-1ife operation. Ex-
cept for calipration verification, no operator
maintenance should be required, and there should

pe no normal requirement for opening the DMM case.

Should any malfunction require corrective action
within the warranty period, arrangements should
pe made to obtain factory assistance.

CAUTION

Data Precision provides

tnis Maintenance Informa-
tion primarily for users

of Model 3400 Digital Multi-
meter in need of repair after
the expiration of the Warranty
period. The information is
intended for users who are
qualified and competent to
effect any needed repairs.

The equipment may be returned
for repairs at a nominal fee
if the user should elect to
nave the factory make repairs.

0. Should the gqualified user attempt to
trouble snoot and repair tne DMM, he will find
that Model 3400 DMM contains a number of features
especially designed for simplified unamuiguous
trounle shooting and fault indication. Among
these are:

Full and complete design and parts data
in tnis Instruction Manual;

A positive trounie shooting procedure
intended for effective use oy competent technical
personnel in isolating and correcting all but the
most subtle and intricate problem source;

Mechanical parts layout and identifica-
tion for logical and easy location.
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5.2

5
MAINTENANCE

PARTS GROUPING AND THE TEST STAND-uUF™ GRID

a. The printed circuit poard (Figure 5-1)
snows the grouping of major multimeter functions.
Tnese correspond, generally, to tne scnematics

in Section o. When tne GUARD is removed, the
floating Analog power supply and the analog por-
tion of the A/U Converter and Signal Conditioner
are revealed.

b. Verifying signal values throughout tne
circuit is considerably simplified mechanically

by strategically positioned test-points, con-
nected to circuit components for easy access to
points wnere performance may be monitored. Each
test point is identified vy an E-number on the
scnematics and screened on the PC-board. Access
to every major critical portion of the circuit has
peen assured.

5.3 TROUsLe SHOOTInG STRATEGY

5.3.1 Overview

a. Figure 5-2, which is a fold out at the
pack of tnis chapter, illustrates the overall
approach to trouble shooting the Model 3400. As
illustrated, when a malfunction is perceived, the
trounle shooting procedure commences with a
tnorough cnecking of possible external causes.
Paragraph 5.4 indicates the areas of concern
that may oe traced to non-meter causes of mal-
function indications.

b. Assuming the I/0 conditions are satis-
factory, the next step in trouble shooting is the
analysis of closed-case meter performance. It
is possinle to verify the proper operation of a
numper of multimeter suosystems by observing the
meter performance in response to some simple
stimuli. It may also pe possible to identify
specific digital logic subsystems as sources of
malfunction oy interpreting the closed-meter
performance. The tests and the subsystems checked
or to be checked are described in para 5.5.
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. After reasonable assurance that the
interfaces with the unknown input are satisfac-
tory, and that we have obtained as much informa-
tion as possiole vy observing the closed-case per-
formance, the trounle shooting analysis proceeds
with an examination of the open-case instrument.
Symptoms of trouole that may become apparent
from tactile, olfactory and visual inspections
are identified in paragraph 5.6. Paragraph 5.6
also includes the cnecks one may perform on the
power supply, assuming the results of the sensory
inspections are satisfactory.

d. It is possiple to isolate the source of
trouble (if the earlier tests do not clear the
malfunction) to either the digital or to tae
analog circuitry, and these checks are described
in paragraph 5.7. The digital subsystem may pe
divided, for trouble shooting purposes, into the
progranming logic, display logic, and ranging
logic sections. Each such section is checked

according to procedures described in paragraph 5.8.

e. As shown in Figure 5-2, signal tracing
through the analog-to-digital converter is to pe
performed after the digital circuitry is checked
out (wnether or not the digital circuitry needs
repair). '

f. It will ve noted, in Fiqure 5-2, that
the strategy requires a reexamination of the per-
formance after repair and/or replacement (R/R)
procedure. When the malfunction is caused by
degradation or failure of an analog circuitry
component, then a recalibration is necessary.

It is also desirable to check the calibration if
there is any possipility that calibration-
sensitive settings may have been disturbed during
the trounle snooting procedure.

2.3.2 Personnel Considerations

Tne instructions contained in this chap-
ter are intended to assist qualified technicians;
they are not expected to pe all-inclusive or all-
exhaustive to the extent tnat they will pin-point
tne cause of malfunction, in every instance, to
tne malfunctioning component. As stated previous-
ly, tney are intended to lead the trouble shooter
to the cause of malfunction by isolatinc the
apparently proper functioning subsystems.
preparation for trounle snooting is a thorough
understanding of tne principles of oper-tion, and
tecnnicians are urged to review the mat:rial in
Chapter 4.

5.4 EXTERNAL/INTERFACE CHECKS

a. With power QOFF, examine the mu’timeter
carefully for signs of physical damage such as
loose covers, loose vinding posts, connectors,
frayed or cut power cord, etc., Check to see

5-3
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The best

tnat tne line voltage switch on the rear panel
is in tne proper position for the power sourcing
used (115 or 230 VAC). Check the fuse in the
rear panel and verify that it is still intact.

b. Trace the ground circuit to assure that
ground loop currents are minimized. Verify tnat
tne 3400 UMM rear panel chassis is connected to
a good earth ground. Consider the consequences
of some finite resistance in tne ground Teads
and tie existence of potential differences at
respective "ground" terminals.

c¢. Check the connections for measurement
modes as described in Chapter 2. See that short-
ing links supplied with the multimeter are re-
moved, except between GUARD to Vx Lo when appro-
priate. Check tne "unknown" source circuit.

d. Repair all damaged parts; tighten loose
connections; repeat measurement sequence that
gave rise to initial evidence of malfunction.
If stiil present, leave power ON and perform the

trounle saooting sequence of paragrapn 5.5,

5.5 CLOSED-CASE OPERATIOWAL CHECKS
5.5.1 Display

a. One may ootain confirming evidence of
tne proper operation of portions of the display
suosystems if the malfunction is not of the
"castropnic" kind. That is, when the multi-
meter displays some value in response to an in-
put, altnougn that value appears to be unrelated
to tne applied input.

b. Adjust the input over a range of values
and observe the 7 segments of each display digit.
If at some time each segment is 1lit at least
once, one may conclude that the digits and their
drivers are functioning satisfactorily. If the
brilliance of all segments are about equal in
intensity, then tnis indicates apparent proper
functioning of the multipiexing circuitry.

C. Operate the range select pushbuttons in
sequence and observe the corresponding decimal
point locations. If satisfactory, then the dis-
play decimal points, their drivers, the decimal
point multiplexing circuit, and range select
switches are functioning.

d. Operate the measuring function pusn-
putton and observe the corresponding annuncia-
tor lignts in the display. Their proper opera-
tion checks the circuit operation of Z1 in the
digital section, as well as the functioning of
tne display LtD's.

e. Select DC measuring function; connect

a dc voltage source; observe polarjty of dis-
play. Reverse input connections and observe
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cnange in polarity of display. Appearance of
poth plus (+) and minus (-) signs indicates
proper functioning of DS1 in display assembly,
as well as polarity-sensing logic in digital
section.

f. Failure to observe proper operation of
some of the circuitry identified in a through
e above (but not in all) is an indication of
probable fajlures in the display or program
sections of the digital circuits. As shown in
Figure 5-2, these symptoms should serve to "set
flags A and B" for the trouble shooter when he
reaches paragraph 5.3 in this sequence.

5.5.2 Ranging Circuits.

a. With input configured for 2-wire resistance
measirement, select KQmeasuring mede and remove all
inputs (open circuit at Vxj. [he proper response
of the multimeter should be a blanked display
except for tne decimal point. Select a range
other tnan 10k; the decimal point should be dis-
played in one of tne left Tocations. Select
AUTO, and opserve the decimal point. Proper
operation of the ranging circuits should result
in positioning the decimal point to the right
of the least significant digit.

o. lmproper ranging operation, indicated
by incorrect decimal point location or by improper
blanking, is a reason for "flag C to be set", and
in itself is aiagnostic information to be used for
tne Range Circuit cnecks of paragraph 5.¢.

5.5.3 Front-End-Analog Circuit Check

a. With input configured for Z-wire resistance
measurement, short terminals by connecting a good
conductor between Vx Hi and Lo. Select Range A.1.

b. Operate measuring mode pushbuttons and
observe display (if operational). If the value
is near-zero for each mode except RATIO (or
approximately the same non-zero), then one may
conclude that the front-end connections are
functioning properly.

5.6 POWER CHECKS

5.6.1 Opening the Case

a. Turn power OFF. Unplug unit from line
power. Remove twWo SCrews holding top cover to
case front and rear, and retain; remove top
cover. Cneck to see that calibration procedure
is still cemented tuv underside of top cover.
Remove the three screws fastening the guard over
the analog circuitry, and remove guard shield.
Inspect the visible assembly. Look for signs of
malfunction sucn as any loose parts (shake the
unit), discoloring of tne board as a result of
heated components, or the odor of burned compo-
nents, or poard. Identify the geographic area
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of any apparent problem and relate to the cor-
responding circuit schematic. Set appropriate
diagnostic "flags" for later detailed circuit
tracing.

o. Replace the line cord plug.
CAUTION

Raw ac power is not normally
accessinle at the top of the
main assemply. However, observe
care in nandling the assembly
for possible appearance of high
voltages wnere transformer mal-
functions have accurred, or
wnere the GUARD is driven at

a nigh voltage.

c. Turn power ON. While equipment is warm-
ing up, touch the tops of IC's and note excessive
temperature on any except the power supply solid
state elements. Altnough warm, the non-power
supply units should not be uncomfortaoly hot when
working properly. Locate and correlate tne geo-
grapnic/circuit sections as in b. above, and set
flags for supsequent trouple shooting actions.

5.6.2 Regulated Voltage Checks

4. Use DC Voltmeter, 110.000V range, accu-
racy at least *0.05%. Measure voltages with re-
spect to Rx Lo (See Figure 5-1), and check for
values beiow.

Point A (R/5 lead): +7.5V + 0.12, ~-0.16
Point 8 (R74 lead): -7.5V - 0.12, +0.16

b. To check the digital circuit supply
voltages, use uC voltmeter, 110.000V range, and
make measurement with respect to digital ground
at the binding post on the rear panel. nNote the
jumper petween £37 and E45 which may be a con-
venient location for the digital ground connection.
The voltage should pe checked as follows:

Point C (R72): +5V ¥ .25V
If tne voltage reading is higher tnan toleranced,
replace Q2. If low, check the temperature rise
in Q2 by touching its case. It should be hot,
but not too hot to touch for a second or so.
Short circuiting of any circuit component that
causes the reduced voltage may also result in
other symptoms of heat: odor, discoloration, etc.
Reexamine the ooard as in 5.6.1 above. Faulty
operation of CR14, Cl1l, or Cl2 may also cause low
output.

5.6.3 Unrequlated Voltage Checks

To check the unregulated digital and

analog supply voltages, use DC Voltmeter, +10.000V
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range (where 100% overrange is available). Mea-
sure voltages with respect to Rx Lo, and check for
values as listed below (with nominal line voltace):

Point U (copper run to 731 pin 7: *12.5V + 5%
Point £ (copper run to 731 pin 4 -12.5V £ 5%
Point F (with respect to DiG GND; +8.4V + 5%

5.7 UIGITAL OR ANALOG?
a. Turn power OFF.

p. Install a 10 kilohm jumper petween Z7-6
and 729-7. See Figure 5-1; note that the connec-
tion points are picked up at their respective con-
nections to R3 and R2v.

c. Turn power OWN. The connection mode in b.
above should force a zero time interval for phase
3, and thus a zero output value to the display.
Deselect all range and mode pushbuttons. If dis-
play ic +00000, then the malfunction is most like-
1y in the analog circuitry, since the correct dis-
play values indicate that tne programming logic is
operating properly. If the-display is not +00000,
then tne trounle shooting procedure begins with
the digital circuit, as indicated in Figure 5-Z.
Begin tne digital circuit trouble shooting with
paragrapn 5.3 and the analog with paragraph 5.9.

5.8 DIGITAL CIRCUIT TROUBLE SHOOTING

5.8.1 Clock & Timing Logic Program*

a. Uuse oscilloscope with at least 5 MHz band-
width and examine waveform at Z6-9 with respect to
digital ground. The Z6-9 input should be sensed at
the junction of R4 and R5 (See Figure 5-1). The
frequency of the clock should be 600 kHz* *0.20 kriz
and the scope time base should be adjusted
accordingly. Use oscilloscope X10 probe, and ad-
just scope vertical scale to be able to verify
that clock pulse amplitude exceeds 4.5V and that
duty cycle is about 50%. Proper display indicates
proper operation of Y1 and Z18-10 circuitry.

b. With 10K jumper of 5.7 in place, check the
operation of Zo on the cluck input to it by observing
the input to Z12-2. Observe a pulse burst of

33 1/3* milliseconds duration corresponding to

phases 1 and 2. If not, check the status of load

and reset signals on Z6-11 and Z6-14 respectively,

and the truth table of Figure 4-9.

* The nominal frequencies and cycle times are
listed for Model 3400 DMM units intended
for use with 60Hz power mains. When the
Model 3400 is used with 50Hz mains, the
nominal clock frequency is 500kHz and
cycle time is 40 msec.
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c. Check for CARRY output at Z12-12. It is
clocked througn £Z22-8, and thence to counter Z7.
Clocking of Z22-3 is controlled oy action of Z18-4
wnile the count or load action on Z7-5 and Z7-10
are determined py tnhe truth table (Figure 4-9)
and the signals on Z7-11 and Z7-14 as for Zb.

d. Check for TRANSF:R pulse at the input to
£12-7. Its appearance at the frequency of 3 to 5
per second-is evidence that the uigit scan decoding
inZl2 is functioning (providing a D1 input tc AND
gate Z219-6).

e. TRIGGER check. Check waveform at JY pin
f (HOLD) at rear panel connector. A
pulse waveform at frequency of 3 to 5 per second
indicates proper operation of internal trigger
circuit Q1 (see Figure 5-3).
f. ReSET Check. Synchronize the scope with
the RESET control pulse from Z7-6 (connection at
the R3 terminal is recommended as shown in Fig-
ure 5-1). Observe the pulse output at 712-9 -
whicnh snould appear at start of sweep and be
~4.5V in amplitude. This pulse masks the first
count after the second carry. Pulse width should be
1.8 usec to 2.2 usec.

g. TRIGGER, HOLD, and READY (remote)

1. Ccnnect ccliector of Q1 to
DIG GND (Q1 emitter). Use scope
to opbserve absence of clock
at gated output Z12-2.

2. Connect JY pin 7 (READY) to
J9 pin F (TRIGGER). Observe
narrow positive pulses about
U.4 u sec wide at interval
of 39 1/3 msec 2 msec at
/23-6. This also checks
minimum trigger width to
wnich the Model 3400 DMM
will respond.

INTERNAL TRIGGER GENERATOR

+3.25VHo0%
19-H 0.9y
22-2/342
: | MSEC —~ -40.1V
i
1

265465 MSEC |

Fig. 5-3.

Waveform at Connector J9, pin H.
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5.6.2 Uisplay Logic

a. The scan oscillator Z14 operation is
checked at its output, Z14-3, by observing the
waveform on the oscilloscope. See Figure 5-4
;or proper amplitude and frequency of the wave-

orm.

| 8QOUSEC: i
=10 gl
[ [
l— 2Q0 USEC
: *'1 | To%
214-3 m4.@vi
ov L-J L_J L_J
Figure 5-4. Scan Oscillator waveform

800 USEC

: ! I
£10% o ) W g 200 USEC o

g
J— P f P 110%
112—4%5‘% ! l | Co ! '
ps - —Tov — - . -
po s i
212-6 b .

D3

DIGIT ADDRESS

4.0 MSECEIO™

Figure 5-5. Address Code waveforms

b. The operation of 112 in generating a
proper address code can be checked at the output
of 212 py ovserving tne waveforms as shown in Fig-
ure 5-5. Note the timiny separation between pulse
rise and fall events of proper operation.

c. Proper operation of the digit address
drive 210 is cnecked by examining the waveforms
at 71U wnich siould be the inverted form of Fig-
ure o-5 at £10-¢, Z10-3, Z1U-5, and £10-10, re-
spectively, for DI, D2, B3, and D4 aadresses.
Qutput at Z10-1 for the U5 address should be Tow
for 206 u sec 105 and nigh for 600 u sec ¥10%
and should occur at four times the frequency of
bi, D2, D3, or D4. Llero level of the output
waveform should pe €0.7V and high level should
nearly equal the digital circuit supply circuit
whose nominal value has peen neasured in para-
graph 5.6.

d. To check the proper operation of the dec-
1mal point Fontro] logic for an in-range and
underrange input, proceed as follows:

(1) Connect 10K jumper between 7
pIn 6 and /29 pin 7. (Access to these
points are better availaole at their
junctions with R3 and RZ6, respectively,
as snown in Figure 5-1.)

(z) ULeselect all range and mode
pushbuttons.

(3) Observe display of +0CUUG.
No decimal points and all digits of
equal 1ntensity.

(4) Select Ranges X.l through
X10K and observe progression of
gecimal point from left to right.
Annunciator should be blanked.

(») Oselect AUTO ranging and
opserve decimal point progress
from right to left and value of
+.00000 on display.

‘e. Lheck logic circuit operation for an
overioad condition as “follows:

(1) Remove R3 terminal of 10K jumper
as of 5.6.2 d. Connect it to
713-12 and -13 (bussed together
as shown in Figure 5-1).

(2) Observe display; check for blankea
value, decimal point in X1000 position, and
positive (+) polarity sign.

(3) Select AC measuring mode. Observe that
the polarity sign is blanked.

(4) Select KL measuring mode. Observe mov
of decimal point to x1¢K (extreme right} pcsition

Verifie¢ performance indicates proper operation of
11, t26-0, 119-3, 15, and 4. ‘

Table 5-1 Annunciator and Mode Logic Table

MODE RELAY | FRONT PANEL [ANNUNCIATOR REAR PANEL J9, TERMINAL VOLTAGE LEVEL

KM1 KM2 KM3 CONTROL LIGHT ON £(SGN VAL) 5(MODE . 2 3 ) 6

0 0 0 No Mode None H L H H H H
0 0 0 | Ratio None H H L H H H
0 0 1 Ratio & OC DC Ratio H H L H L H
1 0 1 Ratio & AC AC Ratio L H L L H H
0 1 0 | Ratio & kK& KQ L H H H H L
0 0 0 |DC DC H H H H L H
1 0 0 |AC AC L H H L H H
0 1 0 |k Ko L H H H H L

5-6
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5.8.3 Ranging Circuit ¢. Check dc voltages levels as follows:
a. Select K{¥Mode and deselect range. 737-14: -6.0 to -7.3V (P1 Drive)
£37-13: 0 to -0.5V (P2 Drive)
b. Check rear panel output terminals J9, C, 237-2: -6.0 to -7.3V (P3- Drive)
U, 17, 18, 19, and 20 for all Hhigh levels, 24.5V. 137-1:  _6.0 to -7.3V (P3+ Drive)
Observe that RANGE SEL at J9 pin 21 is Tow (per- 732-10: OV (Buffer X1 Drive)
mitting remote selection of range.) £32-11: iegative power rail (Buffer X10 Drive)
c. The2 ranging relays KR1 through KR % and d. Remove diode and 10K Jumpers.
the corresponding levels on the rear terminal
should respond to the actions of the front panel 5.9.3 A/D Phase 3 (See Figure 5-1 for test points)

controls (See Chapter 4).
2. Select Range X10. Apply -10V at Vx Hi.
Synchronize scope on negative transition of gate

5.9 A/D ANALOG CIRCUIT SIGNAL TRACING Ql6. Opbserve Z34 output by connecting scope to
Re1-R62 junction. Waveform should show switched
5.9.1 A/D Auto-Zero Checks dc levels from -1V for 16 2/3** msec to +1V for

16 2/3** msec. Display should pe -10.000 ¥ .025.
a. Place voltmeter probe on Z37-13. Connect

10K jumper from Z7-6 to Z29-7. Select DC mode, b. Reverse polarity of input voltage signal.
Range X1. Connect collector of Q1 to DIG GND. Scope should show switched DC level for +1V for
A/D Tocks in Phase 1 operation. 16 2/3** msec to -1V for 16 2/3** msec. Display
should be +10.000 ¥ 025,
b. Check dc voltage levels as shown below: C. Set coarse input to nominal zero volts.
Select Range X1. Adjust vernier control of input
237-13: -6.0 to -7.3V (P2 Drive) voltage standard so that display shows all codes
737-14: 0 to -0.5V (P1 Drive) between + 0.0005.
£37-2: -6.0 to -7.3V (P3-Drive)
237-1: -5.0 to -7.3V (P3+ Drive) d. Set voltage standard to -10V {range X1)
£32-10: 0OV Buffer X1 Drive so that overload conditions should cause Q5-C38 (Fig. 5-1)
132-11: 0V Buffer X10 Drive junction to limit between -3V and -4V. Display should

indicate overload blanking of all digits, lighted
C. Check voltage at junction of R61 and R62 decimal point and negative polarity sign.
(Figure 5-1); value should be 0OV ¥ 10mV, and indi-
cates proper functioning of configuration e. Set voltage standard to +10V; ob serve
established by Q14 and Z34-Q15 Q5-C38 junction voltage limits between +3V and +4V,
and changed polarity sign on display.
d. Check output of comparator Z36 pin 7 at

its junction with R30 (see Figure 5-1). Observe f. Observe output of Integrator Z35 at R29-
random noise of 1-2V nominal amplitude around €49 junction (Fig 4-2) while repeating steps d. and e.
ground that indicates proper operation of A/D that apply overload inputs. Observe the "fast charge"
auto zeroing. Remove jumper around Q1. action of 735 that reduces the output to zero.

Remove scope probes.
5.9.2 A/D Phase 2 Checks

a. Force A/D into Phase 2 by connecting a

diode jumper (1N4148) with cathode to 125-1,2 and 5.10 RECALIBRATION
anode to R5-C6 junction (See Figure 5-1). Clock
is disabled, leaving A/D in Phase 2. Remove all jumpers .
Replace Guard Shield. Replace
b. Apply input between Vx Hi and Vx Lo over Top Cover
range of *2V. Check function of buffer amplifier Repeat calipration of Chapter 3.

at R61-Ro2 junction and observe that voitage level

follows the input signail. )
** 20 msec for 50Hz power mains

ot
i
~4

COPYRIGHT 1977 PRINTED IN U.5.A, DATA PRECISION CORPORATION



