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WARRANTY

Within one year of purchase, Racal-Dana will repair or replace your
instrument, at our option, if in any way it is defective in material or
workmanship. All parts and labor charges will be paid by Racal-Dana
Instruments, Inc. Just call Racal-Dana Product Service at (714)
833-1234 collect in California, for assistance. We will advise the proper
shipping address for your prepaid shipment. Your instrument will be
returned to vou freight prepaid.

PROPRIETARY NOTICE

This document and the technical data herein disclosed, are proprictary
to Racal-Dana Instruments, Ine., and shall not, without express written
permission of Racal-Dana Instruments, Inc., be used. in whole or in
part to solicit quotations from a competitive source or used for manu-
facture by anyone other than Racal-Dana Instruments, Inc. The infor-
mation lherein has been developed at private expense, and may only be
used for operation and maintenance reference purposes or for purposes
of engineering evaluation and incorporation inte technical specifi-
cations and other documents which specify procurement of products
from Racal-Dana Instruments, Inc.



\FETY

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

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

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

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

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

Before operating this instrument.
I. Ensure that the instrument is configured to
operate on the voltage available at the power
source. See Installation section.

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

3. Ensure that all other devices connected fo or in

proximity to this instrument are properly grounded
or connected to the proiective third-wire earth
ground.






SECTION 1

GENERAL DESCRIPTION

1.1 INTRODUCTION.

1.2 The Model 3900 Digital Multimeter is 2 five-decade
instrument with a sixth digit providing 60% overrange. The
basic instrument is equipped for dc and dc/de ratio meas-
urements on five ranges. With the addition of the optional
AC Converter, a-c and ac/dc ratio measurements on four
ranges are available. The Ohms Converter, also opticnal,
adds ohms measurementis on eight ranges. Complete meas-
urement capability of a fully equipped instrument is tabu-
lated in table 1.1.

Fable 1.! - Measuwrement Capability

FUNCTION
Ohums AC & AC/DC
DC&DC/DC | (Model 52 RATIO
RATIO Ohms (Model 32
Range | (Basic 5900) | Converter) | ¢ ((:)élirserter)
AV X
1V X X
10V X X
100V X X
1000V X X
1082 X
1K X
1K$2 X
10K X
100 K2 X
1000 K2 X
10 MO X
100 MQ2 X

1.3 Range can be selected manually or automatically
(autorange). In AUTO range, the proper range for a partic-
ular measurement is selected automatically (full scale is de-
fined as 100000 on any range). The instrument “up-
ranges” at 160% of full scale and “downranges” at 15% of
full scale. Polurity selection is also automatic and is dis-
played on the readout.

14  Two operating modes are provided. In Hold mode
(RATE control on EXT), a measurement is held (displayed)

unti! 2 single reading is commanded by an external coni-
mand. The new measursment is then held until the next
external command. In Periodic mode (RATE control CW),
measurements are made automatically at the rate of approxi-
mately four per second.

1.5  The basic Model 5900 includes an analog output

 voltage {hat is proportional to the parameter being meas-

ured (except ratio). The voltage, at 20 volts maximum, is
available at a rear panel connector.

1.6 Also included as standard equipment is a solid-state
isolated BCD output. TTL-compatible output levels of the
reading, fuaction, range, etc., plus a print command are
provided. An additional line enables a new reading to be
commanded externally. An optional isolated remote pro-
gramming unit {Model 42) allows all operating commands to
be made externally.

1.7 OPTIONS.

1.8 All optional accessories having model numbers are
plug-in circuit boards that may be added at any time. A
calibrated accessory board can be installed without af-
fecting the d-c calibration of the basic instrument. An
instrument shipped without PCB accessories will not be
equipped with a Function Switching PCB assembly { Acces-
sory Card, Option 12). This board must be added when
accessory boards are installed.  Analog accessories are
identified in table 1.1

1.9 Model 42 Remote Programiming.

1.10  The Model 42 Remote Programming accessory al-
lows the selection of function, range, filter, read command,
ete., to he made externally. Auto range selection is also
provided and appropriate timeouts are generated internally
when ranging takes place. Remote Programming “overrides”
all manual control settings to prevent erratic selections.
Complete isolation of the programming unit is achieved by
the use of photo-couplers and puise transformers.

1.11 Rear input Options (-1, -1B, -18, -1SB}.

1.12  Two rear input options are availabie for the Model
5000 DMM. The option designated -1 or -1B consists of
connector J204 on the back panel with input lines *
INPUT, + CURRENT, and GUARD wired in parallel with
the front panel input terminals; the option designated -18
or -1SB is the same as the -1 or -1B except that the front or
rear inputs are selectable by a switch on the front panel.

1-1
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Figure 1.1 - Block Diagram - Model 5900

1.13 Rack-Mounting Flianges {403402).

1.14  Rack-Mounting Flanges are used where the instru-
ment is to be installed in a relay-rack or cabinet.

1.15 High-Voitage Probe (641},

1.16  The High-Voltage Probe extends the voltage range of
the instrument up to 10,000 volts (or 7500V rms). ltisan
insulated probe containing 2 10001 voltage divider.

1.17 Current Shunt Set (651).

1.18 The Current Shunt Set consists of six precision
shunt assemblies with values selected o produce a voltage
drop that, measured in millivolts, has a numerical value
equal to the current flow in milliamps or microamps.

1-2

1.19 MODEL 55 GENERAL PURPOSE INTER-
FACE BUS.

1.20 The Model 55 Microprocessing GPIB enables the
Dana Series 5000 and 5900 Digital Multimeters or the
Series 6900 Precision Voltmeters to be interfaced with
other instrumentation and conirol devices utilizing the
“standard interface bus” structure. The Model 55 Micro-
processing GPIB is completely self-contained in a 1-3/4
inch high, rack mountabie, piggyback package. It is
compliant with [EEE Std. 488-1975, “IEEE Standard
Digital Interface for Programmable Instrumentation.” All
connectors and cabling to connect the Model 55 with the
5900 are provided.

1.217 ELECTRICAL DESCRIPTION,

1.22  The Model 5900 DMM is a dual slope integration
instrument consisting of three main functional areas: signal



conditioning, integrating, and control/display. A block dia-
gram of the instrument is shown in figure 1.1.

1.23 The signal conditioning section includes the
Switching p-c board, AC Converter, Ohms Converter,
Attentator, and Isolator. The function of these circuits is
to convert the incoming signal to 10 VDC, full scale into the
integrator.

1.24 The Integrating section consists of the Integrator
amplifier, Null Detector and * reference voltages. The
function of these circuits is to converi the conditioned in-
put signal to an equivalent time period and to transmit this
time period to the display portion of the DMM.

1 Dual slope integration operates as follows in a
sequence of program (PGM) states:

a. Signal Integration (PGM-A). The integrator capaci-
tor charges to a voltage proportional to the input
voltage during a 16-2/3 msec sampling period.

b. Reference Integrate (PGM-C). During this period,
the integrator capacitor discharges at a constant cur-
rent. The time that the integrator requires to dis-
charge (full discharge detected by the Null Detector)
is measured by the counter. The data in the counter
at the end of PGM.C is proportional fo the input
voliage.

¢. Strobe (PGM-D). At this time, data in the counter
is strobed into the storage latches and displayed —
the print pulse is inhibited, however if an uprange
or downrange command is generated by the Auto-
range logic. If a range change is required, the
counter is reset and the program retumns to PGM-A.

d. Reset (PGM-E), At PGM-E, all internal logic is reset
in preparation for the next reading.

1.26  An additional control state, PGM-B, ocours after
PGM-A and is a delay to allow for propagation time of the
counter,

1.27 The Control/Display section generates the control
signals necessary to operate the signal conditioning and
integrating circuits.

1.28 MECHANICAL DESCRIPTION,

129 The ohms measurement option consists of a single
printed-circuit board, The AC options both consist of two
boards. The accessory boards plus the Digitizer, Isolator,
and Function Switching board all plug into the Main Logic
board called the Logic and Interconnection assemnbly. This
board also carries much of the mstrument logic.
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1.30 The Fuaction Switching board is used only when
either or both of the options (AC and Ohms} are instalied.
With no options installed, the Function Switching board is
replaced with the Switching Bypass board, The Switching
Bypass merely connects the + Input (from input connector)
diractly to the Isolator input and the — input to ground.

1.31 At the rear edge of the Logic and Interconnection
assembly is a PCB connector that extends to the rear panel
and serves as the BCD output connector J201. If the

‘optional Remote Program board is installed, it is mounted

on stand-offs above the Logic and Inferconnection board
with the PROGRAM INPUT connector (1202) available at
the rear panel above the BCD OUTPUT connector.

1.32  The POWER input connector J203, the power trans-
formez, and power transistors for the power supply are
mounted on the rear panel of the instrument. Other power
supply components are mounted on the Logic and Inter-
connection assembly. Also mounted on the rear panel, in
addition to J201 and J202, is the rear INPUT connector
1204, the ANALOG OUTPUT connector and common, the
EXTernal REFerence connector and common, and the line
fuse 1201,

133 A dimensional outline of the Model 5900 is shown
in figure 1.2,

GIMENSIONS 1N INGHES (mm}

{A)E. 1 A RACK HEIGHT

FOA CARINET HEIGHT ADD FELT HEIGHT
(B) REAR PANEL ACCESS

‘r,.__ e 16,75 1428 - W"i
g IR
15.63
{395 2t
foe 13.60
{34541
|
S19 0 £483) ]
B -y g g
; i REAR PANEL 3?}350(89}
R IR 1| 5 R
i (&)

- BI5 (13.5)

Figure 1.2 - Dimensions

1.34 SPECIFICATIONS.

1.35  Specifications are listed in table 1.2,

12
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Table 1.2 - Specifications

GENERAL

DC VGLTS

{included in Basic Instrumeant)

Conversion
Technique:

Delayed Dual Slope

Ranges:

+.100000V, +1.00000V,

+10.0000V, +100.000V
+1000.00V

s

Signal Integration
Time:

(60 Hz Standard)
16-2/3 msec
1-2/3 mse¢ in Superfast

Resolution:

0.001% of range
I 4V on 0.1V range

Reference
Integration Time:

0 — 26-2/3 msec,
0 2-2/3 msec in Superfast

Overrange:

60% except 1000V range
(1100 maximum input)

Polarity Selection:

Automatic

Maxinmmum Input
Voltage:

1166 VDC or 1400V peak AC
on all ranges

Accuracy:

24 hours, 239C + 19C
{no adjustments)
10 Volt Range

+0.001% of full scale
1, 100, 1200 Vol: Ranges

1(0.001% of reading

+0.001% of full scale)
.1 VoIt Range

+(0.002% of reading

+0.003% of full scale)
50 days, 23°C + 50C
{After zevoing on 0.1V Range)
10 Volt Range

+(0.001% of reading

+0.001% of full scale)
1,100, 1000 Yolt Ranges

+(0.002% of reading

+3.001% of full scale)
1 Volit Range

+(0.003% of reading

+0.005% of full scale)
1 year, 239C # 59C
{After zeroing on 0.1V Range)
10 Vol Range

+{0.003% of reading

+0.001% of full scale)
1, 100, 1000 Volt Ranges

+{0.004% of reading

+0.001% of full scale)
0.1 Volt Range

+0.003% of reading

+0.005% of full scale)

Ranging: Autoranging is standard, up-
ranges at 160% F.5. and
downranges at 15% F 5.
Read Rate: 3-1/3 rdg per sec
to hold
Maximum 1000V peak or DC
Ct)mmon Mode Guard to case with logic com-
Voltage: mon tied to case. 230V analog
common to guard
Display: 5 full decades plus overrange
digit (LED .4 irches high)
phus decimal point and func-
tion annunciator
Overrange Maximum reading is 160606
Indication: and “NO™ annunciator is
illuminated
Filter: 4-pole active
Analog Signal Signal input scaled and
Output: buffered 0 to +16V. DC
voltage is available for
driving a recorder or as an
accurate voltage source
{Internal reference only)
Power 100 - 240V (selectable)
Requirement: 50 - 60 Hz Standard
400 Hz Optional
40 watts maximum
Weight: 16 1bs. (7.3 Kg}
Dimensions: 357 147 x 16757
(8% mm x 356 mm x 425 mm)
Temperature Operating 0°C - 50°C
Range: Storage -40°C - 709C
Humidity <T5%; 259C - 40°C
Operating: <500 400C - 500C
Fan: None required
¢ Vibration, 0.025” double amplitude to
¢ Operating: 50 Hz for 15 minutes
F.5 on Defined as *1000C0™
Full Scale: reading on any range

1-4

Temperature
Coefficient:

0°9C 10 509C
10 Volt Range

+{1.5 ppm of reading

+.5 ppm of full scale)/CC
1, 100 Volt Range

(2.5 ppm of reading

+1 ppm of fuli scale)/°C
0.1 VoIt Range

+(4 ppm of reading

+5 ppm of full scale)/OC
1000 Volt Range

+1 ppa of tull scale)




Table 1.2 - Specifications {continued)
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DC VOLTS {continued)

AC VOLTS

(Option 33 AC Converter, Averaging)

Non-Linearity:

09C to 50°C

All ranges: less than or equal
to .5 digit non-linearity to
160% of full scale

Input .
Impedances:

0.1V-10V > 10,000 M2
100V-1000V > 10 M£2

Ranges: 1.60000V, 10.0000V,
100.000V, 1000.00V RMS
Resolution: 0.001% of range
10 4V on 1V range
QOverrange: 60% except 1000V range

{1000V RMS maximum input)

Input Bins Current:

10 pA at time of calibration
(+100 pA for 30 days at 25°C)

Input Bias Current

Maximum Input
Voltage:

1000V RMS or 1400V peak AC
decreasing to 20V RMS at 1
MHz. 2x107V Hz maximum
on any rangs

Temperature

Coefficient: +3 pASoC

Normai Mode

Rejection:
Unfiltered 48 dB ai cvery multiple of 60 Hz
Filtered 100 dB at 60 Hz

Common Mode (with 10082 unbalance in

Rejection: either lead)

Unfiltered 146 dB at PC, 120 dB at 61 Hz
and below

Filtered 140 dB DC o 61 Hz
126 dB 61 Hz to 100 kHz

Settling Time:

Unfiltered Settles to within 0.01% in 3
msec with 10 K& source, 10
msec on 100V range

Filtered Setties to within 0.01% in 450
msec with 10 K82 source

DATA QUTPUT

{Included in the Basic Instrument)

Information: All BCD outputs of display,
4-bit Range code, function
flags, polarity flags, special
flags, and logic supplies

Logic Type: Standard TTL levels, 8-4-2-1
BCD

input Superfast

Commands: Data Disable

System Phrect Command

Maximum Read
Rate:

26 per sec to full scale, 120
per sec to full scale in Superfast,
60 Hz operation

isolation:

Data output common may be
fioated up to 200V peak from
power line common

Accuracy:
Vin €500V RMS

Vin > 500V RMS

24 hours, 239C + 16C

20 Hz to 30 Hz (filtered)
+{0.2% of reading
+(.002% of full scale)

30 Hz 1o 60 Hz (filtered)
+(0.1% of reading
+0.0072% of full scale)

60 Hz to 100 Hz (filtered)
+(0.03% of reading
+H0.002% of full scale)

160 Hz to 5 kHz (filtered)
+(0.02% of reading
+0.002% of {uli scale)

100 Hz to 300 Hz {no filter)
+{0.1% of reading
+0.002% of full scale}

300 Hz to 5 kHz (no fiiter)
+(0.02% of reading
+0.002% of full scale)

5 kHz to 100 kHz (both)
+(.04% of reading
+0.005% of full scale)

100 kHz to 300 kHz (both)
+(0.1% of reading
+0.01% of fuil scale}

300 kHz to 1 MHz (both)
+{0.3% of reading
+0.05% of full scale)

90 days, 239C + 59C

add +0.01% of reading

te 24 hour specification

6 months, 23°C + 30C

add +0.02% of reading

to 24 hour specification

I year, 239C + 50C

add +0.03% of reading

to 24 hour specification

f<35kHz
Add + .1% of reading
{25 kHz

Add + 2% of reading

AC VOLTS continued on page 1-6

I-3
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Table 1.2 - Specifications (continued)

AC VOLTS {continued)

OHMS {Option 52)

femperature
“oefficient:

09C 10 50°C

30 Hz to 20 kHz {filtered)
+(0.003% of reading
+0.0005% of full scale)/OC

20 kHz to 100 kHz (both)
+{0.005% of reading
+2.002% of full scale)/°C

100 kHz to 1 MHz (buth)
+{0.01% of reading
+0.01% of fult scale)/OC

Ranges:

10,0000£2, .100000 K2,

1.00000 K£2, 10.0000 KE2,
100,000 KE2 1000.00 K2,
10.0000 M£L, 100.000 M£2

Reselution:

0.001% of range
100 p€d on 1082 range

Overrange:

60% on all ranges

Maximum Input
Voltage:

1500V peak on all ranges

nput
mpedances:

1 M£2 + G.1% in series with
0.22 pF shunted by less than
100 pF to common

Measurement
Scheme:

True 4-wire

“emmon Mode
tejection:

(with 10082 unbalance in cither
Jead, DC to 60 Hz)
I Volt Range
120 dB
10 Voit Range
100 dB
100 Volt Range
80 dB
1000 Volt Range
60 dB

settling Time:
Unfiltered

Filtered

Settles to within rated accuracy
in 200 msec
Setties to within rated accuracy
in 600 msec

{Zero to full scale or full scale to 10% of full scaie)

REMOTE PROGRAMMING

(Option 42)

input Information:

Provides isolated programming
of all DMM functions and
ranges

Accuracy:

24 hours, 239C & 19C
10 obim Range
A(0.003% of reading
-40.005% of full scale)
1,1, 10, 100, 1000 kilohm Ranges
+(0.002% of reading
+0.0019% of full scale)
[0 megohm Range
+(0.01% of reading
+0.001% of full scale)
100 megohm Range
#(0.02% of reading
+).001% of full scale)
90 days, 23°C + 59C
10 ohm Range
+{0.005% of reading
+0.005% of full scale)
A, 1,10, 100, 1000 kilohm Ranges
+0.001% of full scale)
10 megohm Range
+(0.03% of reading
+0.001% of full scale)
100 megohm Range
+(0.03% of reading
+0.001% of full scale)

98

ram

Logic Type: Standard TTL levels, 8-4-2-1
BCD

Functions: Function lines are programmed
by a closure Lo ground (low
TTL fevel)

Ranges: Range lines are 8-4-2-1 coded

Command Modes:

positive true logic

Direct Command
Timeout Command
Superfast

Temperature
Coefficient:

(°C to 509C
10 ohm Range

+(¥ ppm of reading

+5 ppm of full scale)/oC

1, 1 kilohm Ranges

+(7 ppm of reading

+1 ppm of full scale)/°C
10, 100, 1000 kilohm Ranges

+(6 ppm of reading

+1 ppm of full scale}/PC
10 megohm Range

+{30 ppm of reading
+1 ppm of full scale)/°C
100 megohm Range

+( 50 ppm of reading

+3 ppm of full scale)/¥C




Table 1.2 - Specifications {continued)
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OHMS (continued)

Open Circuit

1082-1 K& 2.5V maximum

3WIRE RATIO

{included in Basic Instrument)

3-Wire {Standard) ac/de, dofde
H) Input
Readout: (10V) X (Input) X
(Ref V) (F.S. of range)
Reference
Voltage Range: +1V to +10.5V
Maximum
Input Voltage: Same as function
Accuracy: 24 hours, 239C + 19C
DC, AC — same asrespective
24 hour, 239C + 19C spec.
times (10V)
{Ref' V)
Reference
Input
Impedance: 1000 M2
Reference
Settling Time: 10 msec to 0.01% accuracy

AWIRE RATIO
(Option 62)

Yaltage: FO KE-100 MEZ 22V maximum
Current Through 10 ohm Range
Unknown: 10.1 mA
100 ohm Range
111111 mA
1 kilohm Range
111111 mA
10 kilohm Range
1 mA
100 kilohm Range
100 uA
1306 kilohm Range
0 MA
10 megohm Range
P HA
100 megohm Range
100 nA
Normal Mode
Rejection:
Unfiltered 48 dB at every muitiple of 60 Hz
Filtered 100 dB at 60 Mz
Settling Time:
to rated 1082-10 MO
accuracy 30 msec
100 M£2
300 msec
Chms Guard: Use “Analog-Out™ low on rear
panel when in ohms
SUPERFAST

4-Wire {Option 62) ac/de, defde
. (rovy o (nputy o 45
Readout: (ReT V) (FS. of range)
Reference

Voliage Range:

+1V to +10.5V

Ranges & Functions:

All ranges and funciions

Maximum
Input Voltage:

Same as function

Command: Must be commanded through
rear printer connector {J201),
or through programmer option
{1202}

Display: Four digit display with 60%
overrange

Maximum {60 Hz standard)

Read Rate: 9% readings/sec. minimum at
full overrange. 120 readings/sec.
at full scale

Accuracy: Standard aceurscy tor range and

function plus 03% of reading
plus .03% of fuil scale

Accuracy: 24 hours, 23°C + 19C
DC, AC — same asrespective
24 hour, 239C +1°C spec.
times (10V)
(Ref' V)
Reference {Both leads with respect to
Input ~sig. input}
Impedance: 1000 ME min. + lead
33x10 ME2 + 10% - lead
Reference
Input to Sig.
Common
Voltage: +13V max. (either input)
Reference 50 msec to 0.01% of rated

Settling Time:

accuracy

Reference
Common Mode
Rejection:

100 dB

1-7
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Table 1.2 - Specifications (conlinued)

AC VOLTS TRUE RMS (_Option 32}

Ranges: 1.00000V, 10.0000V,
100.000V, 1060.00V RMS
Resolution: 0.001% of range
10 UV oon 1V range
Overrange: 60%, (within maximum

input voltage himit)

Maximum Input
Voltage:

1000V DC/RMS or 1500V
peak, decreasing to 20V RMS
at 1 MHz. 2x107 VHz maxi-
UM On 4ny range

Maximum Crest

Factor:

(Pulses at ! kHz
Repetition Rate)

7:1 at tullscale

7% F.S. for other
Vinpur  voltages

Accuracy’
AC Mode
NOTE

Accuracy is defined
only for values be-
tween .1% and 160%
of full scale (full scale
specified as 100,000
counts).

90 days, 239C + 59C

20 Hz - 30 Hz (filtered)
+(.5% of reading
+.04% of {ull scale}

30 Hy - 50 Hz (filtered)
+(.2% of reading
+.04% of {ull scale)

5O Hz to 100 Hz (filtered)
+{. 1% of reading
+.04% of full scale)

100 Hz — 20 kHz (filtered)
+{.07% of reading
+.04% of full scale)

200 Hz to 20 kHe (no tilter)
+{.07% of reading
+.04% of full scale)

20 kHz - 50 kHz (both}
+(. 1% of reading
+. 1% of full scale)

50 kHz — 100 kHz (both)
+{.4% of reading
+.2% of full scale)

10. 100, 1000V range

100 kHz -~ 300 kHz
+{3% of reading
+.5% of full scale)

1V range

100 kH7 - 300 kHz
(5% of reading
+1% of full scale)

Accuracy: (con’t)

AC Mode
(continued)

DC Mode

6 months, 23° + 59C
1, 10, 100, 1000V ranges
20 Hz — 50 kHz
Add +.01% reading + .01%
full scale to the 90 day spec.
50 kHz — 100 kHz
Add +.02% reading +.02%
full scale to the 90 day spec.
100 kHz - 300 kHz
Add +1% reading + .1% full
scale to the 90 day spec.

AC specification

For inputs greater than 300V
add .1% of reading to above spec

For inputs greater than 150V, Filter should ke “IN”.

Temperature
Coefficient:

0°C 10 509C

AC Mode (to 20 kHz)
+.003% of full scale)/oC
DC Mode (to 20 kHz)

+.005% of full scaleyoC

Input Impedances:
AC Mode

1 Megohm +0.1% in series

wiih 0.22 uF shunted by
less than 106G p¥F to common

In de mode, the .22 uF capacitor is shorted

Common Mode Range CMR

Rejection: RY 120 dB
With 100€2 unbalance 10V 100 dB
in either lead. 100V 3{9 dB
DC to 60 Hz 1000V 60 dB
Settling Time: {to within .1% of range}

(exclusive of
BC component)

Filter Out
Filter In

Filter Out
Filter In

(10 Full Scale Step

#0 msec
3530 msec
Full Scale to 10% FS Step
100 msec
400 msec

1-&




Table 1.2 - Specifications (coatinued)

50 Hz OPERATION {Option 04)

For instruments modified for operation at 50 Hz
line frequency, the specifications are the same as
60 Hz operation except as follows:

Signal Integration 20 msec
Time: ‘ 2 msec in Superfast
Reference Inte- (- 32 msec

| gration Time:

0 - 3.2 msec in Superfast

Normal Mode

Rejection:
Unfittered
Filtered

48 dB at every multiple of 50 Hz
100 dB at SO Hz

080453

Table 1.3 - Model 55 GPIB Specifications

-
MODEL 55 GPIB SPECIFICATIONS
QCutput Numeric data, polarity,
}r}fﬁqﬁ}amt}gn:w e ~ function , and special flags
Data Output DC, AC, Ratio: same as
Format: front panel display with no
leading zero suppression.
Olims: readour expressed
- as kohms
Input Functions, ranges, and
Fw]nformation: filter
Command Direct Commund
Modes: Timeout Commund
Electrical ‘
Compatibility: IEEE St 4851975
Information
B Format: _7"-bii ASCH code ]
Power
Requirement: 20 Watlls maximum ]
Line 100/120/220/240V +10%
Voltage: 48 - 440 Hz |
~ Weight: N 32Kg(71b) h
Dimensions: Jdmm x 356mm x 425mm
(1.757x 147 x 16757
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SECTION 2

INSTALLATION & OPERATION

2.1 UNPACKING AND INSPECTION.

2.2 The Model 3900 DMM is packed in a molded
plastic-foam form within a cardbeard carton for shipment,
The plastic form holds the DMM securely in the carton and
absorbs any reasonable external shock normally encountered
in transit. Prior to unpacking, examine the exterior of the
shipping carton for any signs of damage. Carefully remove
the DMM from the carton and inspect the exterier of the
instrument for any signs of damage. 1f damage is found,
notify the carrier immediately.

2.3 Ircluded with the instrument in the packing con-
tainer are the instruction manual, power cord, and rear in-
put and BCD output mating connectors, With instruments
equipped with remote programming, a mating connecior
for that accessory is included.

24 BENCH OPERATION.

2.5 Each Model 5900 is equipped with a tilt bail or
“kickstand™ to enable the front of the instrument to be
elevated for convenient bench use. The tilt bail is attached
to the two front supporting “fee!” at the bottom of the
instrument.  For use, the bail is pulled down to its sup-
porting position,

2.6 RACK MOUNTING.

2.7 The instrument can be mounted in a standard {9-
inch rack with the optional rack-mounting flanges (403402,
includes attaching bhardware). To install the flanges, pro-
ceed as {ollows:

a.  With instrument oo its side, remove four Phillips-
head screws holding bottom cover. Remove cover.
Remove screws holding feet (and bail) in place. Re-
place bottom cover.

b, Phace one ol the supplied screws through cach of
the two holes in the mounting flange (figure 2.1}
Thread a securing nut onto sach screw just enough
to attach it Lo the screw (approximately one turn).

¢, Place the mounting flange onto the mounting stot
in the instrument side panel so that the securing
nuts it entirely into the slot. Be sure the rack.
mount slots on the {lange are toward the front of
the instrument.

d. Tighten screws. The securing nuts will rotate and
hold the flange securely in place.

RIGHT SEDE INSTALLATION

~— SLOT ON SIDE
OF DVM

—— SECURING NUT

[ FLANGE
-

.
S~ SCREW
INSERT
e e od
AND
. @ TIGHTEN

[\ 1 e
L
i

V1w

- SECURING NUT

{
!
.
T SLOT ON SIDE

OF DM

Figure 2.1 - Rack Mount Installation
2.3 POWER CONNECTIONS.

2.9 Standard units operate on either 115 volts or 230
volts, 50 te 60 Hz (400 Hz available). Power consumption
is less than 40 watts. Operation on either of the two line
voltages is selectable by a slide switch on the rear panel.
Operation on 1007200 volts or 120/240 volis is possible by
simple rewiring of the power transformer secondary wires:

| WARNING
Disconnect the instrument from the AC Power source
before attempting to change power connections.
Potentially lethal voltages are exposed when covers
are removed,

a.  For operation on X/200 volts, cut the brown wire
17 from the transformer and splice it to the red
wire on the transformer; cut the blue wire 17 from
the transformer and splice it to the violet wire,

b. For operation on 120/240 volts, cut the brown
wire 17 from the transtormer and splice it to the
black wire: cut the blue wire and splice it to the
yellow wire on the transformer.
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2.10 A standard power cable having a three-pin plug is
supplied with the instrument. It connects to POWER con-
nector J203. The ground pin (round) is attached to the
instrument case. It is important that this pin be connected
to a good quality earth ground.

211 Fuse receptacle F201 on the rear panel is equipped
with a .5 amp fuse.

2,12 INPUT/OUTPUT CABLING.
2.13 Binding Posts.
2.14  Several connectors on the Model 5900 consist of a

pait of binding posts spaced so as to accept standard
“banana” plugs. The connectors are:

Front Panel Rear Panel

+ INPUT + ANALOG OUTPUT
+ OHMS CURRENT + REFerence INput
GUARD

2.15  Input cables to fit this type of connactor can be
crdered from Dana (P/N 402190). Figure 2.2 is a wiring
diagram of this cable included for assistance to users de-
siring to construct their own cabies.

DOUBLE QCONDUC‘[OR
BANANA JACK SHIELDED 22 GA.

I’ 3 ALLIGATOR
CLIP

¥

N ¥ ALLIGATOR
I S D CLIP

1

% B MINI-CLIP

T,

h S—
SINGLE
BANANA JACK

Figure 2.2 - Cabling Diggram, Binding Posis

2.16 Rear input Connector,

2.17  Instruments equipped with the -1 or -18 rear input
option are supplied with J204 7-pin input connector (Dana
P/N 600673) and a mating connector (Dana P/N 600616).
On instruments equipped with -1B or -1SB 1204 is Dana
P/N 600259 and the mating connector is Dana P/N 600260.
The instrument accepts inputs applied to this connecior or
inputs applied to the front-panel binding posts. The rear-

2-2

panel input lines are wired in paraliel with the front-panel
input lines. 1t is recommended that the cable for the mating

_connector be constructed as shown in figure 2.3 using two

two-conductor shielded cables. Other configurations may
be desirable depending on the ohms measuring method to be
used (see paragraph 2.28).

204 2CONDUCTOR
-~ /- SHIELDED 24 GA.
| o [ ——
|
|
i
I

!
'? .
+INPUT | Ot L e 4 INPUT
[ g o H E
+ CURRENT ' & 3\ /E f\ P + CURRENT
!
4 b4 2
- CURHENT: O“T“,/ i ;/ ‘? » — CURRENT
)
- o
— INPUT | Ot ———~3 — INPUT
bz, T—————
GUARD | O—I——I Lw-»— GUARD
P
[

Figure 2.3 - Cabling Diagram, Rear Input

218 MANUAL OPERATION.
2,19 Controls.

220 All operating controls are located on the froat panel
of the instrument. They are shown in figure 2.5 and their
operation described in table 2.1. Description of Systems
operation begins in paragraph 2.44.

2.21 DISPLAY.,

222  The display consists of & LED decimal readout
devices with moving decimal point. The decimal point
moves in conjunction with the range switch or antomatically
in auto range. Maximum usable readout with overrange is
159999, Qverioad is indicated by a NO and 160000 read-
<ol A non-compatible range and function is indicated by
a NO. However, mechanical interlacks are provided to pre-
vent illegal combinations from the front panel. Figure 2.4
iltustrates the readout, NO indicator, polarity sign and the
annunciator.

Do M
+ fTTT T T LT et AC K2
— [ t-q L_:,’ L__?" t_w[j zw,;,’ con o
NG , e / / / i A

Figure 2.4 - Readout



—_|POWER Al FAONT
pDC Mg OHMS -
+ _ e DC K& INPUT CURRENT
{ T e e s S AC K 100
Lo P { / AC . amf{ 10 10% reAr @B @
D Aty Aty St Mt Al bl SR < L B + 1 AUTO GUARD
NO y g { / ! i .1 10 M2
EiL R Q10 100 M0 © ©
DATA PROGHAM '
OUTPUT CONTROL OFFSET
DAR g DIGITAL MULTIMETER MODEL 5800
| aide j @ C 11 I o o L]
RATIO FILTER nc AC

Figure 2.5 - Front Panel

Table 2.1 - Operating Controls

Control Position Function
Power ON {up) : Applies power to instrument
{rocker switch) :
OFF (down) Removes power from instrument
Function Select ACT Selects the measurement of AC voltages on the 1, 10, 100, and
{rotary switch) 1000 voit ranges {max. input, 1000V RMS)
oe Selects the measurement of DC voltages on the .1, 1, 10, 100,

and 1000 volt ranges (max. input, 1100V}

SEMO* Selects the measurement of resistance on the 10 ohm range; on
the §. 1,10, 100, and 1060 kilohms ranges: or on the 10 o1 10¢
Megohm ranges

Range Select AUTO Seleets Auto Range in which the optinium range is selected auto-
{rotary switch) matically by internal circuits. Uprange occurs at 160% of fuli

scale; downrange occurs at 15% of ful} scale

Other Positions Enables manual selection of fixed ranges. Ranges permussible for
' each function are inscribed on the pane!

DATA OUTPUT Depressed Enables the print pulse causing BCD data at P201 to be recorded
{pushbution) by printer, or other output device. (Qutput data is present at
P201 repardless of the position of this switch.)

PROGRAM CONTROL Depressed Enables the selection of range. function, and mode to be made
(pushbutton) externally through the remote programming connector and dis-
ables all front panel controls (requires programming option)

RATIO Depressed Selects a ratio measurement in which the readout represents the
{pushbutton) ratio of the input to an external d-c reference voltage (applied at
terminals on the rear panel) multiplied by 100 Ejn/ERerx 10

FILTER Depressed Adds an active four-pole fitter across the input circust
{pushbution}
RATE EXT {cow) Selects the Ho'd mode. A new reading is initiated through the
{pot) TEMOLe Program iiput

CwW Increase periodic read rate to 2 maximum of four readings/second
FRONT/REAR (Opticnal) FRONT Connects front panel data input terminals to instrument

{stide switch)
REAR Connects rear pane! data input terminals to instrument

*NOTE: Olms input terminals are open in AC or DC funetion
TNOTE" For inputs greater than 150V, Filter should be “IN"" 2-3
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2,23 MEASUREMENT CONNECTIONS.

NOTE

Before taking any measurements, refer to the list of
maximum input voltages, table 2.2. '

Table 2.2 - Maximum lnput Voltage

CAUTION
Do not exceed the following maximum inputs:
D¢ 1100 VI or 1000V RMS AC

AC 1000V RMS decreasing to 20V RMS at
1 MHz (see figure 2.7)

£2 +500V peak between +1 and —1{1000V
RMS if in DC or AC function.)

RATIO Input: same as function selected
Reference: +10.5V, 0.5V

GUARD Voltage between GUARD and ~ INPUT
must net exceed 250 volts or damage
to the instrument may result

2.24 Basic Voltage Measurement,

225  An ac or de voltuge measurement connection rec
ommended to minimize the effects of noise requires a two-

conductor shielded cable connected as shown in figure 2.6

INPUT

Figure 2.6 - Busic Voltage Measurement Cornnections

2.26  For ali voltage measurements, the GUARD lead and
the — INPUT lead are connected fo the measurement point
nearest ground potential.  Somewhat less shielding is

2-4

achieved by placing a shorting bar between — INPUT and
GUARD and shorting the single banana piug (shield} to the
— INPUT side of the double banana plug at the input con-
nector. This arrangement is adequate for measuring all but
low voltage {mV) levels and/or in high-noise environments.

2.27  When making “floating” voltage measurements (both
measurement points above ground potentiaf), do not con-
nect GUARD to measurement ground without making sure
that the voliage between GUARD and — INPUT does not
exceed 250 volts.

23 kM OO ki 1 MMz

MAKIMUM AMS HNPUT 100V, 1000V RANGES

Figure 2.7 - Maxirnum RMS Input Voltage

2.28 Ohms Measurement,

229 Ohms measurerent in the Model 5900 consists of
the application of a known current through the unknown
resistance (Ry) and measuring the ratio of the voltage drop
across Ry to the drop across an internal “full-scale’ resistor

" (Eryx/Epg). Current through Ry is applied through leads

from the + OHMS CURRENT terminals. The voltage drop
is sensaed by the + INPUT terminals.

230 TWOWIRE MEASUREMENTS,

231 Connections for a simple two-wire shielded ohims
measurement are shown in figure 2.8a. It consists simply of
a single-conductor shielded cable with the conductor serving
as both the + CURRENT and + INPUT leads and the shield
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(a)

OHMS
INPUT CURRENT

GUARD

USED FOR NORMAL MEASUREMENTS ON ALL BUT THE 10 and 1008 RANGES.

(k)

TO OHMS GUARD

{— ANALOG OUT) -+

OHMS
INPUT CURRENT

OWOR
GUARD B —
@ ® &
Q-—‘QQ SINGLE WIRE'/

USED ON 100 M RANGE WHERE CABLE LEAKAGE IS A PROBLEM,

(c)

TO OHMS GUARD
(— ANALOG QUT) e

T
OHMS "
INPUT CURRENT

ONO

§Rx

USED ON 100 M {2 RANGE IN HIGH-NOSE ENVIRONMENT, MINIMIZES BOTH NOISE AND LEAKAGE PROBLEMS.

Figure 2.8 - Two Wire Ohms Measurements

v
¥
Ly



380433

{a)
OHMS /- TEFLON CABLE — RG196U
INPUT CURRENT
GUARD
S
USED FOR NORMAL MEASUREMENTS ON ALL RANGES,
(b}
TO OHMS GUARD
{— ANALOG OUT}
RG-126L
OHMS E
{INPUT CURRENT
_M
LSED ON 100 M BRANGE \ P
WHERE CABLE LEAKAGE —
1S A PROBLEM, =
(c)

TG OHMS GUARD
{— ANALDG OUT) g

OHMS
INPUT CURRBENT
+ +

¥

S Ax

A

USED GN 100 M2 RANGE IN HIGHNOISE ENVIRONMENT; MINIMIZES BOTH NOISE ANG LEAKAGE PROBLEMS,

Figure 2.9 - Four Wire Ohims Measurement




carrying — CURRENT and - INPUT, While reasonably
accurate measurements can be made with this method,
shunt teakage problems result from the paralle]l combinations
of Ry and the cable impedance. This causes loss of accuracy.,
especially at high resistance (100 ME2 range). Also, lead
resistance becomes a factor in the 10 and 100 ohms ranges;
the four wire measurement system is recommended for
these ranges.

232 A more accurate two-wire measurement connection
is shown in figure 2.8b. The + INPUT and + CURRENT,
— INPUT and — CURRENT terminals are again tied to-
gether. But now, the positive side is a single-conductor,
shielded cable with the shield tied to Ohms Guard. Ohms
Guard is the low ANALOG QUTPUT terminal on the rear
panel of the Model 3900 when ohmsis selected, The negative
side is a single wire connected as shown. Guard current is
present in the low side, but the leakage problems of the
first configuration are eliminated,

233 In high noise-level environments, the configuration
shown in figure 2.8¢ is recommended, This method also
eliminates error due to shunt leakage, but provides more
complete shielding. The positive terminals are tied together
and carried in a single-conductor, double-shielded cable with
the inner shield tied to Ohms Guard (- ANALOG QUTPUT).
The outer shield is tied to GUARD. The nepative terminals
are tied together and carried in a single-conductor shielded
cable with the shield tied to GUARD. This configuration
eliminates guard current sensitivity, thereby increasing
guarding characteristics.

234 FOUR-WIRE MEASUREMENTS,

235 In most system applications, the device to be meas-
ured is located at a remote location requiring interconnection
by cables of lengths from several to possibly hundreds of
feet. When measuring low resistance values over long cables,
most lead resistance problems can be solved by the use of a
four-wire measurement system.

236 For high resistance measurements over long cables,
other problems are encountered: noise pick-up, leakage
resistance, and capacitive loading of the system. These
problems can be minimized by proper shiclding and the use
of ohms guard.

2.37  Figure 2.9a shows a basic shielded four-wire ohms
measurement configuration, This method uses two single-
conductor shielded teflon cables. The conductors carry the
positive sides of the INPUT and CURRENT lines while each
shield carries the low side.

980453

2.38 This configuration, although shielded, places the
shield capacitance and cable leakage in parallel with Ry.
This results in loss of accuracy and slow measurements. In
addition, it is very responsive to the triboelectric effect at
high resistance measurements.

2.39  Better guarding is achieved by the use of the con-
figuration showr in figure 2.9b, Here again, RG196U teflon
dielectric cable (either single-conductor shielded or two-
conducter shielded) is used on the positive terminals. The
shield(s) are connected to Ohms Guard {low ANALOG
OUTPUT terminai}. The negative leads are single wires with
the — INPUT terminai tied to GUARD.

2403 This eliminates much of the shunt leakage problem
of the previous configuration since guard current now flows
through the low side of the measurement circuit. Measurze-
ment is much faster since the shield capacity is driven by
the guard current.

2.41 A high-noise environment calls for the “super”
configuration shown in figure 2.9¢c. Here, a2 two-conductor,
double-shielded cable is used as the positive leads. The inner
shield is tied to Ohms Guard, A two-conductor shielded
cable is used as the negative teads. Its shield is tied to
GUARD and to the outer shield of the positive cable. The
shield is also tied to ~ CURRENT at the measurement point.
This configuration maintains high guarding characteristics
while eliminating guard current sensitivity.

2.42 Ratio Measurements.

243 Ratio measurements are made by applying a positive
d-c voltage to the reference input terminals on the rear panel
and an input signal of any function at the front input
terminals.  For DC/DC or AC/DC ratios, the reference
voltage must be within the range of +1V to #10.5V. Input
signal lmitations (numerator) are the same as those given
for conventional measurement of the particular function
(table 2.2). The readout is the ratio muiltiplied by ten:
Emput/Ereference x 10. In the standard instrument the
~ INPUT terminal is internally connecied to the ~ REF in-
put terminal; in nstruments equipped with the option 62
4-wire ratio, both reference inputs are floating (33 M2
between - REF and — SIGNAL). For bridge applications
the 33 M&2 resistor {R16) may be removed to eliminate
loading crrors.

2.44 SYSTEM CAPABILITIES.

245 The 5900 has two system interface connectors desig-
nated as J201 (PRINTER QUTPUT) and F202 (PROGRAM
INPUT) mounted on the rear panel of the instrument (fig-
ure 2,10). The following is a brief description of the capa-
bilities of each connector.

2.7
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2.46 Printer Output - J201.

247  Through this connector the 5900 supplies BCD
representations of the decimal display; various flags or
indicators of the mode of operation, function and range;
and a print command. Provision has also been made for 60
Hz instruments to accept a fast (20 readings per second
maximum) or a superfast (101 readings per second minimuin)
read command. In 50 Hz units, the fast command obtains
17 readings per second, minimum, and the superfast com-
mand 93 readings per second.

2.48 Program !nput.

249 Through this connector the 5900 receives externally
generated signals that select the function, range, mode of
operation, and initiate the read commands.

250 LOGIC LEVELS AND ELECTRONIC IN-
TERFACE.

2.51  TTL-compatible positive-true logic levels are used
m the 5900. In some instances, however, complementary
signals_are used, These terms are more specifically defined
below:

Signals and Their Complements —

X - BIGNAL .

WHERE: | X X

A
1 0
e X~ COMPLEMENT 5 4

252 If the non-inverting output of gate A is defined as
signal X, then it follows that the inverting output is X; in

other words, the complement of X is X. The truth table
shows that the two signals X and X, are by definition, in
opposite logic states (see table 2.3}

Table 2.3 - Positive True Logic Relationships

Voltage Level of | Voltage Level of
Signal | Logic State | Output Line “X"| Gutput Line *X*

0.0-04
24-50

“X7 {Trueor “171 2.4-5.0 Volts
False or “0” 0.0- 0.4 Volts

2.53  As seen above, if gate A has a true or “1” level on
output X, its voltage level is the most positive of the two
ranges present, and output X must be in a false or “0”
state with the lowest or most negative voltage range present.
The reverse would be true for a false or “0” level on output
X

2.54 Driving the Inputs.
255 All inputs are TTL compatible and most are the

equivalent of one 7400 series TTL input with a pull-up
resistor for contact closure operation.

+5Y
PULLUP
10K
{Tye)
O
INPUT
O

2.56 TTL Loading Conditions.

2.57  Toinput a “17 level the pull-up resistor will supply
the necessary source current (40 pA) to maintain the mini-
murm 2.4 volts. In fact, the pull-up resistor will maintain a

INPUT FROGRAM INPUT S201 FUSE
J204 J202
OANALOG EXT Br ]
Fo e e
O QUTPUT REF N 115 E207
1t —15 5 AMP
SLO BLO
O COM O com QUTPUT 4203
B J201
L q 8 3
A i
122

Figure 2.10 - Rear Panel
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To T T2 Tz
b i *
H ! i § 1 i i
i ! i
INPUT SIGNAL | | i | | T
| | I
{Allow for 0 : : t | | ! l :
settling time) { | 1 | ! |
v oo -
- | 1 [ : | I
! i B : !
i Lo ! P ’ ;
FUNCTION OR RANGE i i ! i {
CHANGE, Relsy operated. (&) o 28 ms max ! E ! ! I |
o Y ope : i Helay settling time | i i i i H
: | | | | : : t |
- i | | { | |
CONTROL CHANGE,
‘ ﬂ- 100 ns i ; Lo 1 I
Non Relay Operated (b) 4] T i
{max logic delay] ' -3 3,4 log Minimum Time st “0" Lovet ¢ ; | :
| ! ! ! If | i Lo
BIRECT COMMAND o | \ / : Lo [ i !
! |
! H i | i i | H i
i
| | ; 1 ! | |
1 ' ¥ | |
INTERNAL READ 5-d ' l ! i
¥
| o ! P | N
1 i i i | | i ! !
i | ! | | 1 —3 3.4 -
I o ! I I | b5
| b ~ 7 - | | : Lo
INTEGRATOR OUTPUT | i i " Fixed | Variabig ~ | 1 H { i
| T i 16:2/3 ms; 0 - 26-2/3 ms 1 ; ) | {"‘s
| | - SIGNAL Bt REFERENCE \ ! P
; 1 | INTEGRATE! INTEGRATE ) P
READQUT STROBE a i (20 msec in 50 Hz unitsHD-32 msec in 50 Mz unlts)’ I | | }
l T ! ! ; [
{ ) | H —«)J 1.7 P H i |
| I us g i
| i ! | ] | I
INTERNAL RESET ! I ) 1 }':Smﬁq [
G = i 1 p ¥ ) £10% i 1
i | 1 t ! | 1 1 |
| ;o 1 ! i | | |
DATA READY BUTPUT | P ; : l | b
1 ]
[ o k o i f :
i I i o } !
t t - bt
SYSTEMBEADY OUTPUT 5 i i ! L 1 o
|
: - I
I ¢ X | H | ! ' |
i t Input Sampling Period H | | i |
STENALINTEGRATE R w—
Tp Ty Tz
1 ! |
| | |
W T
i
TIME OUT COMM !
UT COMMARND o \ / ! : i
i
; -
| b
INTERNAL TIME QUT be 30 me 10500 ms ; ‘.Jl :
| ¥

{a} Such as: Function, Range, Fiiter and Ratio.
(b} Such as: Super Fast, Data Disabie, Program
Storage System {ontrol and Hold

Figure 2.11 - Measurement Sequence
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ne level as long as the input source resistance (R1) to
round is greater than 15K ohms.

+BY

A1

58  Toinput a “07 level, at least 2.0 ma of current must
¢ sinked maintaining the input voltage below 0.4 volts,
‘his requires a resistance to grouand of 200 ohms or less,

.59 Exceptions to Input Loading Conditions.

a. Program Storage Input (J202, pin B-15) is the
equivalent of 3 TTL inputs and requires a minimum
5.8 ma sinking curreni, or 68 ohms or less to com-
mon,

b.  Maximum input voltage level, referenced to common,
must not exceed 5.5 volts peak, Otherwise, gate
destruetion will occur.

c.  TheDirect and Time Out Commands are AC coupled
with pull-up resistors to +5 volts. These mputs are
compatible with TTL outputs or contact closures
to ground. The AC coupling does require that rise
and fall times be less than 100 wseconds, This input
circuit is iilustrated below:

+5v +HV
51K 51K
JE— 347 uFD
DIRECT
OR TG DVM
FIMESUT % (INTERNAL)

COMMAND DG PULLUP AC EDGE COUPLING

d.  Digital owtput common can be floated as high as
200 VDO above power line ground.

.60 TTL Output Capabilities.

b1 The 5900 electrical outputs are specified to drive
vo TTL inputs such as described in the TTL loading section.
ummary:

False: Oto +0.4V

True: +2.4 1o +5.0V

Fan out: 2 minimum

Maximum Capacitance Load: 500 pF

10

2.62 Timing Sequence,

2.63  The standard remote mode of operation of the 5900
is to initiate a reading sequence with each Direct Command
received through the programmer, providing that sufficient
time has been allowed between commands for the reading
to be completed. This reading sequence is illustrated in
figure 2.11.

T1-Tg  During this period the input signal must fin-
ish settling to within the desired accuracy.
Any control changes involving the 25 msec
relay settling time (a) can be completed,;
other logic coatro! inputs {b} can also be
changed.

Ta-Ty The Direct Command signal, which is AC
coupled, must meet the following conditions:

a. Rise and fall times less than 100 usec.

b, Signal must stay in the logical “0”
state for at least 3.4 usce. If these
conditions are met, the internal read
command is sustained at T2 and the
signal integrate period is started.

T3-T2  The period of signal integration lasts for
16-2/3 msec (60 Hz line frequency; 20 msec
in 30 Hz units). During this time the inte-
grator charges to a voltage proportional to
the input voltage. This is the input Sampling
period.

Tg-Ts During this period, the integrator is isolated
from the input signal, and is discharged at a
precise current. The time the integrator re-
quires to discharge to a level egual to its
voltage at To is proportional to the input
voltage. This time is measured by an internal
counter and stored.

Ts-Ty This 1.7 usec period is required fo strobe the
new reading from the internal counter into
the readout latches.

Tg-Ts This 5 mseconds { +10%) is required to reset
the interpal dogic for the next reading.

Ti-To I the next read command is a Direct
Command, this period must be made long
enough to allow for the condition covered in
the first cycle; however, i the next command
is a Timeout Command, this period can
approach zero since the necessary timeout to
satisfy these conditions are automatically
programmed.

B o)

ra

&

by
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100 ps
MAX

{1) DIRECT COMMAND

{J202-A15) 0 !

(s

- 3.4 S MIN

100 p§
MAX

INTERNAL READ

() oottt

]

- {2) TIMEGUT COMMAND
1J202-810) Y

— 100 NS MIN
I
Jom—
!

I
|

30 M3 - 500 M3

3.4

us ’<~. BEFORE SIGNAL INTEGRATE

EDGES (100 u8 MAX)

—

FROM TIMEOUT
GENERATC R~
]
0
] i;‘ }4‘ BEFORE SIGNAL INTEGRATE
(3) SYSTEM DIBRECT COMMAND A CONTINUGUS "0 WILL GIVE CONTINUOUS READINGS
{4201-AB) :
¥
INTERNAL READ
o

3.4
MS

*,q_“ BEFORE SIGNAL INTEGRATE

Figure 2.12 - Command Timing

2.64 Other Read Command Options.

2.65 In addition to the Direct Command, there are two
other programmable read commands, as illustrated in fig-
ure 2.12.

a. Fime Out Command: Again, this is an AC coupled
input which must have rise and fail times of less
than 100 upseconds but must remain in a 0 state
for at least 0.1 msecond, The timeouts given in
table 2.7 for various combinations of ranges and
functions ranging from 30 mseconds to 500 msec
onds will be automatically inserted before the in-
ternal read command is generated. If this command
is wired to the Data Ready Output on J201 - pin
All, fully automatic reading with timeouts is
achieved,

NOTE

The 5 msec internal delay is not adequate for settling
time on the 100 VDC, 1000 K&, 10 M&, 100 MS2
ranges, or any AC range. Therefore, the timeout com-
mand, providing timeout delays listed in table 2.7,
must be used to initiate accurate readings on these
ranges uniess a fixed range and function have been
programmed and the input has been present longer
than the timeout period.

h.  System Direct Command: While the other two read
commands were AC coupled and programmed
through the Program Input Connector (J202}, this
command is DC coupled and programmed through

2-1f
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Vin =6 VOLTS {HALF SCALE ON 10V RANGE)

80 Mz,
1000
20 M8 + 10 MS + 5.8 MSEC

=282 READINGS/SEC

Vin = 10V (FULL SCALE ON 10V RANGE)
50 Hz;

1000
20MS + 20 M8 + 5.5 MS

= 22,0 AEAQINGS/SEC

50 Hz;
1000

20MS + 32 M8 + 5.8 MS

=17.4 READINGS/SEC

168V 1+~ o~
A7~ NOTE:
Pad ~ . TIMES IN PARENS
~ ™~ APPLY TO 50 Hz OPERATION
10V + < ™
S
S
e
- ™~ -
e ~
BV 4+ ~
P - - \ -
o a . ~ A
INTEGRATOR ~ _ Fs/2 F/8 T~ 60% OVERRANGE
ouTre NO) @ RO,
- 5-1/3 (10} MS~)—|
e 16.2/3 (20} MSEC 2ol 16-2/3 (20) MSEC
< 26-2/3 {32} MSEC 3
SIGNAL INTEGRATE REFERENCE INTEGRATE

MINIMUM READ RATES CORRESPONDING TO INTEGRATION PERIODS (ABOVE),

Vg = 16V IFUL L SCALE & MAX, OVERRANGE} ON 10V RANGE:

60 Hz:
1000
16-2/3 MS + B-3/3 MS + 5.5 MS

= 32.8 READINGS/SEC

60 Haz:
1000
16-2/3 MBS + 18-2/3 MS + L5 MS

=25.7 READINGS/5EC

80 Hz:
10200

= 20.5 READINGS/SEC
16-2/3 MS + 26-2/3 M5 + 5.5 M3

Figure 2,13 - Minimum Read Rate vs. Input

the Printer Output Connector (J201). The System
hrect Command must remain in the “0” state for
at feast 3.4 pseconds to generate the internal read
command. This delay, as in the Direct Command, is
to prevent noise from triggering the readings. If this
command is tied to ground, the 3900 will recycle at
its maximum reading rate with no timeouts.

2.66 Reading Rates,

2,67 In figure 2.13, integrator operation with three dif-

ferent input signal levels is iflustrated: half scale, full scale,

212

and 160% of full scale {full scale is defined as 100000 on any
range). The figure shows that the maximum reading rate is
a function of the input signal. The signal integrate period
and internal reset remain fixed while the reference integrate
period can vary from 0 to 32 mseconds. Therefore the
maximum read rate could vary from 17.4 to 45 reading per
second.

2.68 Superfast.

2.69  The Superfast reading mode {programmed through
either the PRINTER OUT or PROGRAM INPUT connector)
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INTEGRATOR CUTPUTY

1.8 2.6
hSEmSECﬂ
(2,0 (3.2}

READQUYT STROBE O

|

!

INTERNAL RESEYT O

\

DATA READRY QUTPUT O

- 4.5 to 5.6 MS

UV [N PISGIU (PG

H
i
|
|
¢ !

INTERMNAL READ

B0 Hz:

2.0 MSEC
3.2 MSEC
5.5 MSEC

*NUMBERS !N PARENS ARE TIMES IN 50-Hz UNITS.

10.7 MSEC = MAXIMUM
RECYCLE TIME
(93,4 READINGS/SEC MIN}

ey — 3.4 pS

80 Mz

.87 MSEC
2,67 MSEC
5.50 MSEC

9.84 MSEC = MAXIMUM
RECYCLE TIME
(101.6 READINGS/SEC MIN)

Figure 2,14 - Superfast Read Rate { Worst Cuse)

increases the minimum reading rate from 20.5 to 102
readings per second (50 Hz: 17.4 1o 93 r/s). This is done at
the expense of losing the least-significant digit which is re-
set to zero (blanked out on readout). The signal integration
period is reduced from 16-2/3 msec to 1-2/3 msec (50 Hz:
20 msec to 2 msec) This and the resulting reference inte-
grate period reduce the maximum recycle time from 48.8
msec 10 3.8 msec (50 Hz: 57.5 msec to 10.7 msec), thereby
yielding the 107 reading per second figure (93 r/s with 50
Hz). Timing changes are shown in figure 2.14,

2.70 PRINTER OUTPUT.

2,71 The printer output connector is a double.edged
PCB connector {extension of Interconnection and Logic
board) with pins Al through A22 on the bottom edge and
pins Bl through B22 on the top edge. Pin assignments are
shown in figure 2.15. Al outputs are referenced to digital
ground pin BI. '

2.72 WNumerical Data

2.73  Numerical data appears as positive true, four-line
BCD code, as shown in figure 2.15. The designator of each
line identifies the digit and weight, For example: Pins A18,
19, 20, and 21 are designated 19, 1g, 14, and 1, consecu-
tively. The 1 indicates these lines correspond to the units
or least significant display; the 2, 8, 4, and 1 subscripts
indicate the binary weight of each line.

CAUTION

True output lines are not short-circuit proof. Acci-
dental grounding may damage the ocutput circuitry.

213
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(R} STGNAL INTEGRATE 1K,
16K 1K
10Kg 1Kg

100K 1Ky
10K 1004
10K 1004
FILTER oo e T i
SYSTEM CONTROL {FLAG) 1005
+5V 104
OHMS 104
DiGITAL GROUND 10g
1 ¥ Y ¥ ¥ ¥ VY ¥ Y Y v L 2 y

227000000 DAY

i
13

B SIDE {TOP) 1

A SIDE {BOTTOM} 1 2 3 4 3 9 1 18 19 20 2 22
j A A A A A A A A A A A A A A t
AT KEY 105
RATICG - £
N
PC e 4
HOLD {FLAG) - 1g
SYSTEM READY QUTPUT e 19
SUPER FAST INPUT RANGE By
DATA QISABLE INPUT BANGE Cg
SYSTEM DIRECT COMMAND RANGE Ay
{#} POLARITY BANGE Dg
NOT USED ON
() POLARITY STANDARD
INSTRUMENT
DATA READY OQUTPUT NO
MATING CONNECTOR: VIKING 2VH22/1INS
Figure 2,15 - Pin Assignments J20] PRINTER OUT
2.74  Polatity is indicated in positive true format on pin AC is true and is indicated by a true level on the corre-
A9 (positive} and pin A10 {negative). The positive polarity sponding line.
line is true when the function output is AC or .1K through
1K OHMS ranges. Negative polarity is true with Ohms on 2.77 Range Data.
the 10K through 100M ranges. If the instrument overranges, '
the polarity bit is not updated since no axis-crossing has 2.78  Range data appears in four-line BCD code on pins
occurred. Al4 through Al7. Range codes are described in table 2.4
2.75 Function Data. 2.79 “NO” Indication.
276 Function outputs appear on pins Al, 2, 3 and B2 in 280  The NO line (pin A12) is the same as the
their true format. For example: with AC function selected, NG indicator on the readout. The line is true if a function

2-14
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Table 2.4 - Range Codes (Printer Qutput)

A B C D Dec
Range {(Pin A15) {Pin A17) {Pin A16) {Pin A14) Value
1082 0 1 0 0 2
0.1V 01K 1 1 ' 0 3
IV 1KQ 0 0 | 4
10V 10K i 0 1 5
100V 100K 0 | 1 6
1000V 1000 K2 t 1 0 7
10 MegS2 0 0 1 8
100 MegS2 ] 0 | 9

or range i$ selected for which the particular instrument is
not equipped. Overrange is indicated by a true NO line plus
a numerical data output of 160000,

2.81 Status Output Lines.

282

The fellowing outputs indicate the status of the

conversion process within the instrament.

a.

DATA READY. This line (pin Al1) remains true
during the signal and reference integration periods
plus any overrange time, if required. The line drops
to the false level to indicate to the printer that the
measurement s complete and output data can be
printed {Printer Command). With front-pane! opera-
tion, DATA READY is enabled only when the
DATA OUTPUT switch {on front panel} is de-
pressed. Minimum false level time is 4.5 mseconds.

HOLD FLAG. A true level on this line {pin A4)
indjcates that the instrument is in the Hold mode.
A reading can be initiated by one of the following
comimands:

I, SYSTEM DIRECT COMMAND (3201-A8)

g

DIRECT COMMAND (1202-A15)

3. TIMEOUT COMMAND (J202-B10)

4, RATE Control (front panel)

SYSTEM READY, This line (pin AS) drops to a
fulse level to indicate that the instrument can now
initiate a new reading at the first available read com-
mand,

2.83

SIGNAL INTEGRATE. Thisline (pin B11) becomes
true af the end of the signal integration period. After
this time, the input signals may be changed in prepa-
ration for the next reading. The input signal need
remain constant only while the instrument is in
Signal Integrate, indicated by this line in the tfalse
state. For example, the 1-2/3 msec sample time in
Superfast could be used in slow sample and Lold
apphlcations,

Input Control Lines.

DATA DISABLE. A contact closure to ground or a
false logic level applied to this line (pin A7) inhibits
the DATA READY output (Print) pulse.

SYSTEM CONTROL. A coniact closure to ground
or a false logic level on this line (pin B6) disables
all front panel operating controls. Operation of the
instrument is then under control of the Remote
Program input. This command duplicates operation
of the PROGRAM CONTROL switch on the front
panel. It is necessary that one of these commands
be initiated during Autorange to inhibit extra DATA
READY pulses.

SUPERFAST. A contact closure to ground or a
false logic level applied to this line (J201-A6 o1
J202-A7) decreases the conversion time of the
instrument  while sacrificing the least-significant
digit. This mode is described in paragraph 2.68.
Because of the superfast read rate, do not use this
mode with Autorange.

25
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RATIC

FILTER FIMESUT COMMAND
SYSTEM CONTROL RANGE Dg

UNUSED BANGE A7

UNUSED BANGE B,

UNUSED RANGE Cgq

UNUSED PROGRAM STORAGE

UNUSED

l’ ¥ ¥ v V V v V ¥ ¥ ¥
B S$IDE (TOP) 1 12 %4 15

DATA INHIBIT

MATING CONNECTOR: VIKING 2VI15/1JNG

A SIDE (BOTTOM) 1 9 11 12 14
J\ L A JL A A A A A A L
KEY DTRECT COMMAND
UNUSED - GROUND
UNUSED 5v
UNUSED UNUSED
UNUSED UNUSED
UNUSED HOLD
UNUSED §
SUPEREAST AC

Figure 2.16 - Fin Assignments J202 PROGRAM INPUT

2.84 SYSTEM DIRECT COMMAND.

2.85 To externally initiate a measurement with this com-
mand, the instrament must be in the Hold mode. Then, a
contact closure 1o ground or a false logic level to this line
{pin A8) generates g read command. Minimuam false level
time is 3.4 wsec. Continuous readings at the maximum read
rate are obtained by tying this line to ground. Read com-
mands delayed by 5§ msec + 10% (for settling time) are then
generated automatically.

286 REMOTE PROGRAMMING.
2.87  The instrument accepis commands made through

PROGRAM INPUT connector J202 on the rear panel. Pin
assignments of J202 are shown in figure 2.16. Commands

2-16

are made by a switch closure from the appropriate pin to
ground or by standard TTL logic levels as described earlier.

2.88 SYSTEM CONTROL.

2.89 A contact closure to ground or a false logic level
applied to pin B6 disables all front panel operating controls.
Operation of the instrument is then under control of the
remote program imput. This line duplicates the PROGRAM
CONTROL switch on the front panel.

2.90 Function Programming.

291  The desired function is selected by applying a
ground or faise logic level to the appropriate pin (table 2.5).
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Table 2.5 - Function Programming

DC NC

AC pin A8
OHMS pin AY
RATIO pin B8
FILTER pin BY

292 The 5 msecond internal delay is not adequate for
settling time on the 100 VDC, 1000 Kilohm, 10 Megohm,
100 Megohm, and all AC ranges. Theretore, the tineout
command, providing timeout detays Hsted in table 2.7, must
be used to initiate readings on these ranges unless the input
is fixed with range and function predetermined.

2.93 Range Programming,

2.94 Range programming is selected by applying false
logic levels in BCD code to the four range lines described in
table 2.6 below. With no lines programmed, Autorange is
automatically selected.

2.95 + Five Volts,

2.96  This voltage, +5 volts * 3%, from the logic power
supply is available at pin A13 for external use. Current out-
put is . 1A, maximum.

297 Hold,

258  The Hold line parallels the operation of the cow
position of the front panel RATE potentiometer and is
selected by a contact closure or a false logic level on pin
Al0., Hold is required when using either of the three read
commands,

2.99 Read Commands.

2.100 Either of two read command lines can be selected
by a contact closure to ground or by a negative logic
level applied to the appropriate pin. Pin A135, DIRECT
COMMAND, commands a new measurement if applied after
a five millisecond reset delay, and if the command is pre-
sent for 3.4 wseconds, Pin B16, TIMEOUT COMMAND,
starts a new measurement after five milliseconds plus a
timeout delay to allow for internal settling time of the
measured signal. TIMEOUT COMMAND may be com-
manded before the previous 5 msec delay since the timeout
generator stores the reading.

2.107 Timeouts,

2.102 Timeout periods for each function are listed in
table 2.7. In Autorange, the indicated delays are taken
following each range change.

2.103 Data Inhibit.

2.104 A contact closure or false logic level on pin B9
inhibits DATA READY OUTPUT (Print pulse) from being
generated.

2.105 Program Storage.

2.106 A false level (equivalent to three TTL inputs) on
pin Bi3 will store all the programmed inputs except the
Direct and Timeout commands as they existed on the
negative edge of this command {see diagram below).

PROGRAM STORAGE “‘“—‘I

t this time the program

a

is stored
Table 2.6 - Range Codes (Programmer}

A B C D Dec

Range (Pin B12} (Pin B13) {Pin B14) {Pin B11) Value
AUTO 1 i 1 1 0
10£2 i 0 t i 2
0.0V 0.1 K&2 0 0 I i 3
1V 1 K2 I 1 0] i 4
10V I0KE2 0 1 0 i 5
100V 100KE2 1 0 D i 6
1000V 1000 K£2 & O 0 1 7
10 Meg€2 1 1 1 8
100 Megl? 0 1 i ] g




107 SUPEBEAST.

108 A contact closure to ground or a false logic level .

yplied to pin A7 decreases the signal integrate and the
ference integrate times (see paragraph 2.68). This pro-
des the maximum reading rate in the Direct COMMAND
ode of operation. Because of the high reading rate, Super-
st must be programmed with a fixed range rather than
UTORANGE.

Table 2.7 - Timeouts

DC 30 msec

1 Ohm to 1 Megohm | 30 msec

10 Mep* 30 msec

100 Megohm 300 msec

Filter 470 msec (plus function timeout}
WC(fixed ranggno ﬁiter) 180 msec

WCHFilter(& Autorange)| 650 msec

*Use filter for <.01% error

Tabie 2.8 - Maximum Input Voltage

CAUTION

Do not exceed the following maximum inpuis.

DC 1000 VDC or RMS AC
All ranges
AC 1000 RMS to 20 kXHz decreasing 20 dB/

decade to 20V BMS at { MHz

RATIO |lInput: same as function selected
Reference: +1035V, 05V

OHMS | £500V DC or Peak AC

GUARD | Voltage between GUARD AND — INPUT
must ot excesd 250 volts or damage
to the instrument may result

1109 ADDING/REMOVING ACCESSORIES,

110 The AC and Ohms options may be added or re-
1oved at any time in the tield withoui modification to the

basic instrument. Note that the switchihg board (403625)
is required whenever the plug-in options are used. Access
to the mounting connectors is by removal of the top cover,
held down by captive screws in each of the four corners,
and by removal of shield, mounted by four flat head screws.

2111 When an option is added or removed from the

instrument, a jumper corresponding to the option is re-
moved or added to allow proper operation of the NO cir-
cuitry, The two jumpers (W1 Ohms and W2 AC) are
focated on the display boasd, shown partially in figure 2.17.
When an option is added, the comresponding jumper is
added; conversely, when an accessory is removed, the
jumper is removed,

2112 The AC RMS (Option 32) allows for either AC or
DC coupled measurements.  The selector switches are
jocated on the AC EMS converter as shown in figure 5.8,

b e
s .
G W2 £ -
[ reb L3
G‘“L%L ) )

- Rig | +
4 B30

- ft0
+ R11
- R17
-~ K25
o HEB b

- R31 NQ UR

B ‘“

Figure 2,17 - Jumper Location

LA S A B |

2112 MODEL 55 GENERAL PURPOSE INTER-
FACE BUS.

2114 The Model 5900 DMM may be interfaced with
other instrumentation and contrel devices through use of
the Model 55 General Purpose Interface Bus (GPIB). Infor-
mation and the speeifications for the GPIB are presented in
paragraph }.19 and Table 1.2 in Section | of this manual.

2.115 The prograsaming information and detailed electrical
mierface connection information is presented in the Model
535 Instruction Manual, Dana Document Number 980498.

18 Figure 218 - Model 55 General Purpose Interface Bus
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SECTION 3

SPECIFICATION TESTS

3.1 GENERAL.

3.2 This section centains procedures that compare the
operation of the instrument against the published specifi-
cations found at the front of this manual. It is intended to
be used for incoming inspection and as a periodic check to
determine if recalibration of the instrument is warranted.

33 The procedures provide sufficient checks to verify
proper operation and that the instrument is within the 90
day accuracy limits. Covers of the instrument are not re-
moved for any of the tfests. The required ambient
temperature of the environment is 23% + 50C,

34 REQUIRED EQUIPMENT.

3.5 In Table 3.1 is a list of equipment necessary for
checking the instrament. The equipment in this table, with

the exception of those in the GTHER category, is the same
as required for recalibration and is explained in detail in
Section 5.

36 PROCEDURE,

3.7 Allow one hour for warmup. Convert the instru-
ment and the test equipment as shown in the figure supplied
with each accuracy check. Select the controls and inputs as
called out in the tables and monitor the instrument readout
for the indicated values. If the instrument is equipped
with the rear panel selectable input option, set the FRONT/
REAR switch to the FRONT position for all procedures
presented in this section.

Table 3.1 - Required Equipment

Minimum Use Suggested
Function Qty Item Specifications Equipment
DC nH Saturated Standard Cel! Bank 1 ppm, certified EPPLEY 106
{6 cells)
(2) DC Voltages Sources 0.1 ppm resolution FLUKE 332B
{2) Voltage Dividers, Adjustable 0.1 ppm linearity FLUKE 720A
{2} Nuli Detector/u Voltmeters 1 uV gensitivity FLUKE 845AR
AC (1) Thermal Transfer Standasd 50 ppm HOLT 6A, With corrections
(H AC Voltage Source 1 ppm reselution HP745A/746A
£ {8} Resistance Standards
10£2 10 ppm ESI SR1 with corrections
10082 S ppm ESI SR1 with corrections
1 K&2 S ppm ESI SR} with corrections
10KE2 5 ppm ESI SR1 with corrections
100 K§2 5 ppm EST SR1 with corrections
I ME2 5 ppm Fabricated
1ML 20 ppm ES} S8R1 with corrections
100 M2 B0 ppm Fabricated
OTHER {1} Momentary Switch, SPST ~
{2) 1.5 volt cells w/screwtype | -~ | -
hinding posts
{1) Insulated Adjustment tool JFD5284
(1) 10082, 10, 100 Kiljohm, 1 Megohm| 5%
1/4 Watt 5% Carbon Resistors
(1) 1 wFD non polar capacitor - -
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Table 3.2 - DC Range Check (Low Ranges)

DVM INPUT SIGNAL
DC NOMINAL
FUNCTION | RANGE | VOLTAGE SEeR | READING | TOLERANCE NOTE
STANDARD '
DC 1V 10.00000 01000 100000 | 099992 — 100008 |  230C + 50C
v 10.00000 10000 1.00000 | 099997 — 100003 | (After zeroing)
{10 VOLT SOURCE)
STANDARD CELL
VOLTAGE SUPPLY
VOLTAGE DIVIDER D m g D [} [j D
i R ]
o LDUOOCOOOO 0000000
O/CO)PO)(;/Oﬁ 00 00 00 o +
1.0 LOW G O 0O 0 0 —
0000 OO 0O 00O G oo

AN
1 MEG
NULL DETECTOR
Oin \ o
O
com 00
Q

0020

DEPRESS SWITCH MOMENTARILY TO CHECK FOR
NULL, RESISTOR MINIMIZES LOADING OF
STANDARD CELLS IN OFF-NULL CONDITION

VOLTAGE DIVIDER

o DOU4dOoOO
© 000000
1.0 LOow

CoO00 00O 00 0Q0QC

GUARD TERMINAL
STRAPFPED TO L.OW
INPUT TERMINAL

98

32
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Table 3.3 - DL Range Check (High Ranges)

DVM INPUT SIGNAL
DC NOMINAL
FUNCTION | RANGE | VOLTAGE READING | [OLERANCE NOTE
STANDARD
neC 10 10.0000V 10.0000 9.9998 - 10.0002
s 4]
100 100.000V 100.000 90097 - 100003 | 23°€£5°%C
{ After zeroing)
1000 1000.00V 1000.00 999,97 - 1000.03

10 VOLT SOURCE (SEE TABLE 3.2)

O+
OI

VOLTAGE SUPPLY

VOLTAGE DIVIDER

Y o oo0agoDoo

o 0ODDODOOO0 Ly 18885888
O 00 0000 oo_év@.__

1.0 LOW o O O O 0 0 0.5

OOL?O SO0 00 Q00

i H

NULL DETECTOR

O

oM

On0 O

o C

oo 0
o0

GUARD TERMINAL
STRAPFED TO LOW
INPUT TERMINAL
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Table 3.4 - 3-Wire Ratio Check
DVM INPUT SIGNAL
DC NOMINAL ‘
FUNCTION | RANGE @ VOLTAGE READING TOLERANCE NOTE
STANDARD
DC 10 + 2.00000V 10.0000 9.9990 - 10.0010 | 30¢ 4 s0c
RATIO +10.00000V 10.0000 9.9998 — 10.0002 | (After zeroing)

DC VOLTAGE STANDARD

i

GUARD TERMINAL
STRAFPED TO LOW
INPUT TEARMINAL
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Table 3.5 - 4-Wire Ratio Check

DYVM INPUT SIGNAL
Be NOMINAL
FUNCTION | RANGE | VOLTAGE READING TOLERANCE NOTE
STANDARD
De 10 + 2.00000V +10.0000 | 9.9980 - 10.0020 | ,30¢ 4 s0c
RATIO 10 +10.00000V +10.0000 9.9996 — 10.0004 | (After zeroing)
~10.00000V - +10.0000 | 9.9996 — 10,0004

DC VOLTAGE STANDARD

GUARD TERMINAL
STRAPPED TOQ LLOW
INPUT TERMINAL
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Table 3.6 - DC Input Resistance

DVYM INPUT SIGNAL
o DC DM TOLERANCE* NOTE
FUNCTION RANGE VOLTS* s1 DISPLAY
DC 0.1 100000 Closed 100000 Rs
(Filter In) Open 099989 - 100001 | 1 Meg
1 1.000000 | Closed 1,00000
Open 0.99989 — 1.00001 | 1 Meg
10 {0.00000 | Closed 10.0000
Open 9.9989 - 10.0001 | 1 Meg
100 | 100.0000 | Closed 100.000
' Open 99989 - 100.001 ¢ 1K
1000 £000.000 | Closed 1000.00
Open 999.89 - 1000.01 | 1K
*Adjust the DC Voltage
Standard o produce the
DVM DISPLAY reading.

DC VOLTAGE STANDARD

!

GQOOQSO—O

B
00000 OO

{0 0-0]

‘GUARD TERMINAL
STRAPPED TO LOW
INPUT TERMINAL

I




Table 3.7 - Model 33 AC Converter Range Check

980453

DVM INPUT SIGNAL
De NOMINAL
FUNCTION | RANGE = VOLTAGE AC READING TOLERANCE NOTE
STANDARD
AC 1 1.000000 | 1V @400 Hy 1.00000 0.99968 — 1.00032 | Rofer to figure 5.3
1.000000 1V @50 kHz 1.00000 0.99945 — 1.00055 | for additional in-
10 10.00000 10V @ 400 Hz 10.0000 9.9968 — 10,0032 | [ormation on use
! : of AC source
10.00000 10V @ 50 kHz 10.0000 9.9945 — 10.0055 | cquipment
100 100.0000 100V @ 400 Hz 100.000 99.96% - 100.032
190.0000 100V @ S0 kHz 100.000 99.945 .. 100.055
1000 1000.000 | 1000V @ 400 Hz 1000.00 999.48 - 1000.572
500.00 500V @ 50 kHz 500.00 499.70 — 500.30

DC SCURCE (SEE TABLES 3.2 & 3.3)

O+

O

AC LABORATORY
POWER SOURCE

GUARD TERMINAL
STRAPPED TO LOW
INPUT TERMINAL

]
O O
Q O
THERMAL
TRANSFER
VOLTMETER
SN Lol
o oclolo
0
O
o o 0 OO0

3-7
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Table 3.8 - Model 32 AC Converter Range Check

DVM INPUT SIGNAL
BC NOMINAL
FUNCTION. RANGE VOLTAGE AC READING TOLERANCE NOTE
STANDARD
AC ] 1.000000 1V @ 400 Hz 1.00000 0.99910 - 1.00090
1.000000 1V @50 kHz 1.00000 99800 - 1.00200 Same as
ame a
10 10.00000 10V @ 400 Hy 10.0600 9.9910 — 10.0090 table 3.7
10.00000 10V @ 50 kHz 10.0000 99800 — 10.0200
106 100.0000 100V @ 400 Hz 100.000 99.910 — 100.099
100,000 100V @ 30 kHz 100.000 99.800 ~ 100.200
1000 1000.000 1000V @ 400 Hz 1000.00 998.80 — 1001.20
500.060 500V @ S0 kHz 500.0¢ 498 .50 - 501 .50
| ;
DC VOLTAGE STANDARD AC LABORATORY
POWER SOURCE
C J ]
O C OO OO0
© O O
o GO 'S
g ¢ o0 o Qilgoo kf\ 7
THERAMAL i
TRANSFER I
VOLTMETER /
GUARD TERMINAL NULL %AE‘“‘R\ &
STRAPPED TO LOW Q 1O 0
INPUT TERMINAL o)
' QO
o 0 O ORIORE®]

3-8




Tabie 3.9 - Ohms-Megohms Range Check

980453

DVM INPUT SIGNAL AL
FUNCTION RANGE sﬁ%?&n TOLERANCE READING TOLERANCE
VALUE {Same as Standard)
0Q-MQ 1082 1002 001% +10 digits
10082 10062 0005% +4 digits
1k 1 k2 0005% +4 digits
10K§2 10 k2 0005% +4 digits
100 kS2 100 k§2 0005% +4 digits
1 ME2 1 ME2 D005% +4 digits
10MS2 10 MO 002% +31 digits
100 M2 100 M2 01% +51 digits

GUARD TERMINAL
STRAPPED TO LOW
INPUT TERMINAL

STANDARD RESISTOR

SHIELD TIED TO LOW {—} S1DE

3-9
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Table 3.10 - Common Mode Rejection (In DC Volts Function)

DVM _ INPUT SIGNAL NOMINAL
READING TOLERANCE NOTE
FUNCTION RANGE s1 See Note 1
DCV 0.1 Off +1 digit from nominal 1) With switch
SEET. QU -1 i
FILT. OUT DC +35 digits from nominal S-1in the off

position, record
AC +25 digits from nominal the reading dis-
played on the

?iCLYr N 0.1 DC + 50 digits from nominal DMM’s readout
AC + 25 digits from nominal | in the “nominal
reading” boxes

of the table.

AC LABORATORY
POWER SDURCE

NOTE: THE TWO BACK TO BAGK 1.6V BATTERIES

PROVIDE A SMALL INPUT SIGNAL OF SEVERAL O o
MILLIVOLTS TO OFFSET THE READING FROM
ZEROQ (SINCE NO TWO SUCH BATTERIES ARE EQUAL o] O
IN VOLTAGE). THIS AVOI10DS POLARBITY CHANGES
DURING CMR TESTS WHICH MAY MAKE THE READING
HARD TO INTERPRET,

DVM UNDER TEST o
TWO 1.5V O—
BATTERIES \

BACK TO BACK

A Wt b
I 1

10 QOHME

SET AC TO 1.7V RMS
(25.0V PEAK) 61 Hz.
SET DC TO 500V

DC VOLTAGE STANDARD

GUARD TERMINAL

NOT STRAPPED TO
LOW INPUT TERMINAL Fi—mll l]
QO O 0C OO0

g g o o Q

.,%

] & &
CONNECTS TC DVM CASE. ALSO TIE GROUND OF
28CD QUTPUT CONNECTOR J202 TO CASE,

=10



‘Table 3.11- Normal Mode Noise Rejection (En DC Volts Function)
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DYM INPUT SIGNAL
NOMINAL
_ TOLERANCE NOTE
FUNCTION RANGE DC AC READING
DC
FILT. OUT 10 0.5V | 10V, 60Hzt|  00.5000 +400 digits
FILT. IN v 0.5V 2V*, 60 Hzt|  0.50000 +2 digits
*peak
150 Hz (Option 04)
Note: The 60 Hz source must be 60 Hz within .7 Hz
10V PEAK
AC VOLTAGE
o ©
o)
1 uF
| |

GUARD TERMINAL
TIED TC LOW iNPUT

10K

DC VOLTAGE
0.5 vDC

O

311
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Table 3.12 - Common Mode Rejection (In AC Volts Functibn}

COMMON MODE

DVM
INPUT SIGNAL NOMINAL
READING TOLERANCE NOTE
FUNCTION | RANGE | VOLTAGE FREQ. (see note)
AC 1 100V Peak 60 Hz +10 digits Enter reading with
10 100V Peak 60 Hz +1 digit shorted input in
100 100V Peak 60 Hz, +1 digit nominal column
before beginning
1000 100V Peak 60 Hz +1 digit

AT LABOHRATORY
POWER SOURCE

100 OHMS

VA

GUARD TERMINAL
NOT STRAPPED TO
LOW INPUT TERMINAL

i

CONNECTS TO DVM CASE
(e,9.,, SCREW HEADS ON REAKR PANEL)

SETACTO
100V PEAK

AT 60 Hz,

12




THEORY OF OPERATION

4.7 GENERAL.

4.2 This section describes the operation of the nuin
cireuitry of the Model 5900 DVM. briefly covering the

mechanical organization and then the clectrical operation of

the instrument, The simplified drawings provided in this
section are for the purpose of illustration, and supplement
the complete schematics of Section 6.

4.3 MECHANICAL DESCRIPTION,

44 The Model 5900, shown in figure 4.1, consists of a
targe. single, printed corcuit Logic and Interconnection
board (Main Logic) with as many as 12 separate PC hoards
plugaing directly or indirectly (by means of cables) into the
Main Logic board. The electronics are housed in a sturdy
die cast and stamped aluminum package with the readout,
input terminals, and all manual controlslocated on the front
panel. On the back panel is located the power cable input,
all data cutput, optional remote input, analog outpui,
external refarence, and optional rear inputs.

4.5 ELECTRICAL DESCRIPTION.

4.6 The instrument is divided into three functional
groups.  These are the Signal Conditioning section, the
Analog-to-Digital  Conversion section, and the Display/
Control Logic section.

4.7 SIGNAL CONDITIONING SECTION,

4.4 The Signa) Conditioning section for a fully equipped
instrument consists of 1 the Swiiching Board, the Ohms
Converier, the Averaging AC Converter or the RMS AC
Converfer, the Altenuator, and the Isolator, The basic
instrument consists of the Swiiching Bypass Board, the
Atienuator, and the Isolator.

4.9 The Signal Conditioning section roules, scales, {ilters
and, when required, converts the inpui signal into a sizble
10 volt full seale de fevel for use by the measurement portion

of the DVM.

4.10 Switching Board.

411 The Switching board s a single printed circuit
board and accupies connectors I3 and J6 on the Main Logic
board.  The Switching board is used with instruments
equipped with either the Ohms Converter or either of the
available ac converters and is necessary for the generation
and isolation of vange data and for signal routing required

by the opticns. The interconnection of the Switching board
with the options and the other components of the Signal
Conditioning section is shown in block diagram form in
figure 4.2,

4,12 The control of signal flow through the Switching
beard, shown i simplified form in figure 4.3, is by means of
two relays K1 end K2, The three possible signal routes
provided by the board are illustrated in figure 4.4. Re-
ferring to this figure, with the dc function selected,
neither of the relays is energized and the signal flow is as
shown in (a); with the ac function selected, relay K1 is
energized and the signal flow is as shown in (b); with ohms
function selected, relay K7 is energized and the signal flow
is as shown in {c).

4313 The range contro! of the option boards uses aralog
supply voltages and require isolation from the digital
supplies and decoding. This is provided on the Switching
board by three Optically Coupled Isolators (OCI) and a
BCD to TEN line driver. The decoding of the range logic is
given in table 4.1.

Table 4.1 - Switching Board Range Decode

INPUT DUTFUT CODE
CODE .
T
G
RANGE S Uz PIN NO,
RANGE
AqlBg|Ca sl9olizl1a 1351018
LiHjt |zl lalwiH s#iH]H 01
Hirlo]las vl lwwlalaludlu A
el Al a Hinl L] a] ] w t
HlL |8l sfH iH|H|L]ala]H 10
tiHMlin sl vl ]l LiklH 100
[T BTN " I B2 BT O RV DI R T I A 1000
Lttt olHiuwimw | Wl wH|lHiL | 10000

4.14 (hms Converter,

4,15 The Ohms Converter circuitry is mounted on a
single printed circail board and occupies connector 110 on
the Main Logic board. The circuitry. shown simplified in
tigure 4.5, consists of a high gain amplifier and a relay
operated positive current source that is capable of pro-
ducing any one of eight precise current levels depending on
the range selected.

4-1
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SWITCHING (J5)

ATTENUATOR (U1

" ISOLATOR {48)

N0, 150 OUT
C 15 o 100, 1K) ol 12 PISOFIN b, 3 To
{ :lN SO — IN DIGITIZER
INPUT @--» L H - IAZEN 8 N »{ N
N
(F.P.}
@.....;, 5 4 {1+ 1V} ol E ¢ lag
CURRENT
© Py . ;
Miv| || T]|J]8 ;; Y;‘
A »—A 2 f AC CONV, OUTPUT
- z 2 6 - - -7 -——--—-— -7 =m=m™= B!
) z] W wl L NS S
5 5 T 3 < = !
a
= 3 S e S | | [
¥ o+ ¥ Yy | |
K {1121 A 12 10| 2 K 12 12 {10 | 2 » K 1
i
2 CONVERTER AC SCALING AMPL, AVERAGING RMS CONN. AMS BYFPASS
{410} (J12) AC CONV. {312} {J11)

(J11)

Figure 4.2 - Signal Flow, Loaded DVM

4.16 The Ohms Converter, in conjunction with the
Switching board, the Attenuator, and the Isolator, converts
the resistance to be measured into a proportional dc voltage
that can be measured by the DVM. The current produced
for each range, when applied to a resistance equal to the
range selected, generates a voltage at the output of the
resistance measurement network of 10 volts.

4.17  The resistance measurement network assumes two
forms, depending on the range being measured, as shown in
figure 4.6, The basic technique vsed consists of effectively
connecting the resistance to be measured (Rx) as a negative
feedback path of an operational amplifier, with the amplifier
provided by the Ohms Converter and the input to the
operational amplifier formed by the current generator. In
this hookup, the current through Rx equals the current
generated by the current source. Referring to configuration
(2}, used for the ranges 10 kilohm through 100 megohm, the
voltage developed across Rx is monitored through the — TN
front panel connector and buffered by the isolator in a gain-
of-one mode. The full scale output for these ranges, as
shown in the table, is —10 volts. Referring to figure (b),
the isolator is connected in a potentiometric configuration
but with the input at an effective ground potential and the
reference end of the feedback network tied to the voltage

developed across Rx. The low impedance provided by the
isolator feedback network is offset by the current compensa-
tion circuit £c.c.). This circuit monitors the output potential
of the isclator and produces a current drain preciscly equal
to the current produced by the feedback network. The re-
sult is that the feedback network appears to have an
extremely high inpuot impedance. The configuration used
int {r} reduces normal the gain of the isolator by 1, thereby
producing gains of 99 and 9 as shown in the tabie,

4,18 Scaling Amplifier.

4.19  The Scaling Amplifier, shown simplified in fig-
ure 4.7, is used in conjunction with the Averaging AC
Converter and occupies position J12. It provides isolation
between the signal being measured and the signal converting
circuitry and it scales the input signal 1o a level suitable for
the converter {1V RMS output for a full scale input).

4.20  The Scaling Amplifier consists of an AC coupled
operational amplifier with four possible gain settings (X1,
X1, X.01, and X.001). The gain control network is con-
trolied by three relays and these are operated from decoded
data from the range logic. A change in the roll off of the
amplifier is provided when the 1 voit range is selected.

4-3
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Figure 4.3 - Switching Board
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o LY+ 1Y+ INPUT) O}
i 11 O
15 |FINPUT (F.P)
(8]
K2
Kt 14 '
"= INPUT (F P 13)
o o B GROUND 1
TV (NPT O) E
O
fa}) DC Routing
K1
P5
”""B AC CONV. OUT 8 o PB
O\C‘? 10 + 100 + 1000V .

TV 4 1V (+ INPUT)

1
By

+ INPUT (F.P)

15 O\O AT CONV. INPUT :

13
— INPUT {F.P) s O
L e % AC CONV. COM. [
o 16 ‘
{b} AC Routing
PS
- 10 + 100 + 1000V
" o TV L INPUT) 2 i
O\v £ AMP INPUT
1 - M
_ | P INPUT (F P t2
15 e
O
K1 ., K2
] INPUT (F 2 ) 15
G
7 A+ 1Y (- INPUTS 9 ©
10
——av; 22 AMP QUTPUT s ©
% — CURRENT (FP) [
16
+ CURRENT (F.P) 12 0
s O\O + {} CURRENT
18
13

fc} §i Routing

Figure 4.4 - Signal Flow of Switching Board
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Figure 4.5 - Ohms Converter
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Figure 4.7 - Scaling Amplifier
+1V
Dw
1.4V
-2.8V P
P11
K SUMMING
AMPLIFIER
P11
12
+20
]
ZERO N
(F.P.) J

FILTER

hd

v

4-8

Figure 4.8 - Averaging AC Converter




4.217 Averaging AC Converter.

4.22  The Averaging AC Converter receives the scaled in-

put from the Scaling Amplifier and generates a positive dc -

equivalent for the DVM measurement section. The circuitry
is mounted on a single printed circuit board and occupies
location J11 on the Main Logic board. The circuitry, shown
simplified in figure 4.8, consists of an active rectifier, a
summing amplifier, and an active filter circuit.

4.23  Referring to figure 4.8, a full scale input {1.414
volts peak) is shown applied to the input of the active
rectifier. The active rectifier consists of an operational
amplifier having two polarity selective feedback loops (one
positive, one negative}, and the closed loop gain of the
circuits is set at 2. The output of the negative going feed-
back loop is fed through a resistor to the summing node of
the summing amplifier. Also fed to this summing node and
through a resistor is the full wave input signal. The
summing amplifier adds the two inputs, averages them and
nultiplies the signal by 1.11 {o produce the de equivalent
of the RMS input, or 1 volt dc. The ripple content is
attenuated by the summing amplifier. A full scale input of
100 Hz would result in a ripple at the summing amplifier
output of =250 millivolts. Further ripple attenuation is
provided by the active 3-pole filter. For the same example,
the filter would increase the ripple attenuation to==3 milli-
volts.

4.24 PRMS AC Converter.

4.25  The circuitry is shown simpiified in figure 4.9. The
Scaling Amplifier consists of an operational amplifier with
a fixed input impedance and four feedback paths. The
fesdback path for the one volt range is permanently wired
into the circuit; the 10, 100, and 1000 volt range feedback
paths are connected in parallel to the | volt fesdback path
by relays K1, K2, and K3. The scaling amplifier supplies an
accurate 1 volt output on each range selected with full
range inputs applied.

4.26  The active rectifier is an operational amplifier with
two polarity selective feedback paths {one conducting only
with a positive amplifier output and the other conducting
only with a negative amplifier output). The voltage
developed across the positive conducting leg is applied
through a 10K resistor to the summing node of the log
amplifier along with the full wave signal through a 20K
resistor from the output of the scaling amplifier. These two
inputs are combined and, due to the non-inear feedback
loop of the log amplifier (consisting of Q14A and Q15A)
produce the log of the combined signal at @ . This sig-
nal is fed through an identical path {consisting of transistors
QI5B and Q14B) to the input of the summing amplifier.

980453

427 The summing amplifier converts the signal to a dc
level. The ripple content of the dc level is attenuated and
the output reduced to provide a dc equivalent of the RMS
value of the ac input signal.

4.28 Attenuator.

4.29 The Attenvator board is a single printed circuit
board and occupies connector J7 on the Main Logic board.
The Attenuator consists of a relay controlled voltage
divider used on dc function that provides selectable scaling
factors of X1, X.1, and X.01; a relay controlled feedback
network used in conjunction with the isolator that provides
selectable gain factors of X1, X10, and X100; and current
compensation circuitry used in conjunction with the ohms
converter. .

4.30 Isolator.

4.31  The Isolator is a single printed circuit board and
occupies connector J§ on the Main Logic board. The Isolator
consists of a high open-loop-gain amplifier, a bootstrap
amplifier, and a 3-pole filter. The amplifier is used
potentiometrically and operates in conjunciion with the
attenuator board as shown in figure 4.10.

4.32  The bhootstrap amplifier generates the + and -
supply voltages for the input stages of ihe isolator, causing
them to track the input signal. This results in an effective
input impedance of greater than 10,000 megohms. The
filter is an active 3-pole Bessel type connected by relay K1
t0 a point between the gain stage and the post amplifier of
the isolator. The filter increases normal mode noise
rejection from 10 to 48 dB (at 59 Hz) when K1 is energized.
Filter selection is through the front panel switch or the
remote programming option.

4.33 Switching Bypass.

4.34 The Switching Bypass board is a printed circuit
jumper board and occupies connector J5. The Bypass
board replaces the Switching board when the Ohms and AC
converter options are not used in the DVM. The signals are
routed through the Bypass board in exactly the same manner
as in the Switching board when the dc function is selected.
A block diagram of the Signal Conditioning section with
the Bypass board installed is shown in figure 4.11.

4.35 INTEGRATION.

436 The Model 5900 uses an improved version of the
standard dual slope integration method of analog-to-digital
conversion, called delayed dual slope. As in the standard
techaique, the input signal is integrated for a set time



980453

ACINPUT

+20

ac [ 1]

ZERO T
{F.P.}
—20
AT COM.

P12
12
3
20K
100K
E
— ® ®
8 fepm 1y ai19
7]
F [ 11 () . FILTER/ 2
ATTENUATOR i
H i P00 CONV,
QuUTPUT
7 g TIK
+1,4V P
10 RANGE | K1| K2 |K3 [_\ /\
N - VY
10
+1.4V #
AWA
K

RELAY ENERGIZED

:

1.2

¢-10
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Figure 4.10 - Attenuator{Isolator DC

period to produce a voltage that is directly proportional to
the input signal. At the conclusion of this signal integration
period, the input signal is removed from the integrator and
replaced by a fixed reference voitage whose polarity is
opposite that of the input signal. This causes the integrate
output voltage to discharge at a linear and fixed rate for a
time period that is directly proportional to the voitage
developed during the signal integration period. This
reference integration time period is measured and displayed

in the instrument readout. The fransition from signal to
reference integration in the A to I sequence, is accompanied
by switch noise in the form of spikes. Due to this and
normal mode noise which may accompany the input signal,
the standard dual stfope technique is subject to noise induced
errors with input signals at or near zero. The delayed dual
slope technique used in the Model 5900 DVM minimizes
this source of measurement error by generating a period of
non-measurement or delay between the two integration

411
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Figure 4.11 - Signal Flow, Switching Bypass

periods. The circuitry used to perform this task include
both the Digitizer and portions of the Display/Logic section.

In the Digitizer, shown in simplified form in figure 4.12, _

this is reflected as an adjustment to the basic shape of the
integrator output signal as shown in figure 4.13, The
‘delay” portion of the integration cycle is initizted imme-
diately following the signal integrate period and is the result
of twe factors. First, an analog level equal to 180 digits
and of a polarity that resists the axis crossing from oceurring,
is produced at the integrator output by a network called
the feed forward circuitry, Second, a capacitor in the feed.
back network of the gain stage that follows the integrator
adds to the total delay period. The total effect is a fixed
delay of the axis crossing signal of 200 digits.

4.37 Digitizer.

438 The circuitry that performs the A/D) conversion is
mounted on the single, printed circuit Digitizer board and
occupies connector ¥9 on the Main Logic board. The cir-
cuitry inciudes:  an integrator and switching network, a
gain stage, null detector, transformer driver, signal and re-
set logic, switch controls and + and - reference supplies.

4.39 INTEGRATOR.

4.40  The Integrator consists of an operational amplifier
with a capacitive feedback path to convert the de levels
applied to its input to a corresponding ramp voitage at the
integrator output. The use of a dual FET input stage pro-
vides a correspondingly high input impedance and per-
mitting capacitor input coupling during the integration
period and allowing auto-zeroing during reset. The feed
forward circuitry is a voltage divider network that takes a
portion of the reference voltage and applying it to the non-
inverting input of the integrator. This results in an equal
amount of voitage appearing at the integrator output.

412

441  The integrator switches consist of junction FET’s,
controlied by circuitry located on the Digitizer. Referring
to figure 4.12, switch Si cenducts during the signal inte-
gration period, switch 52 or 83 during reference integration
and 54 and 85 during reset. The output of the integrator is
coupied to the following Gain Stage through two FET’s
connected as current generators. The purpose of these
generators is to prevent loading of the Integrator while
maintaining reasonable coupling to the gain stage input.

442 GAIN STAGE.

4.43  The gain stage greatly increases the amplitude of the
integrator cutput especially in the area near zero to provide
a more clearly defined axis crossing signal for the null
detector to respond to. The gain stage also exhibitslow pass
fitter characteristics which, as previously discussed, adds to
the total delay of the integration sequence. This reduces
the total noise response of the system and reduces the wide
band response requirements of the null detector. The cir-
cuit consists of a potentiometric amplifier with a pro-
grammed gain control, providing gains of 300 for stage inputs
of up to 13 mV and decreasing to 14 for signals above this
fevel.

444 NULL DETECTOR.

445 The Null Detector consists of an inverting, open-
loop amplifier with an output swing of 5 volts. The Null
Detector converts the amplified analog signal (ramp) from
the integrator to a digital level (logic 1 &2 +5 volts and logic
0 = 0 volts). This digital signal, called either the null
detector output or axis signal is used on the Digitizer board
for determining the polarity of the reference to be used for
the reference integration and, by way of the transformer
driver and transformer T1, the circuitry of the Display/
Logic section of the main assembly.
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Figure 4.13 - Integration Timing Diagram

446 TRANSFORMER DRIVER,

4.47  This circuit consists of a complementary emitter-
follower, capacitor coupled to the isolation transformer T1.
448 SIGNAL AND RESET LOGIC,

4.49  This circuitry operates from pulse data obtained
through isolation transformers T2, T3 and originating from
control circuitry of the Display/Logic section. The data is

converted into control signals for operating the integration
switches,

4-14

4.50 DIGITIZER LOGIC.

4.51  The Digitizer Logic receives its timing information
through isolating data transformers T2 and T3, The logic
converts this information into control signals that operate
the FET switches. The timing of the input data and switch
operation is provided in figure 4.13.

452 Ratio, Standard.

4.53 The standard ratio consists of relay K1 on the intes-
connect board. When nonenergized, this relay routes the
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Figure 4.14 - 4-Wire Ratio Option

outputs of the internal zener reference bridge to the
reference amplifier (both located on the reference amplifier
assembly) and produces a fixed + and — 10 volts; when
energized (Ratio selected) the relay reroutes the signal flow,
replacing the zener input with the EXT REF input and
converting the +10 cutput amplifier to a noninverting gain
of one amplifier.

4.54 Ratio Option,

4.55  The four wire ratio circuitry is mounted on a single
printed circuit board and occupies connector 314 on the
Main Logic board. The 4-wire ratio option eliminates ground
loop errors in ratioc measurements by permitting the
reference input common lead to float in reference to the
signal input common. The circuitry, shown in figure 4.14,
consists of two gain-of-one isolation amplifiers driving a
differential potentiometric amplifier. Field installation of
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the ratio board requires removal of jumpers W1 and W2 on
the Main Logic board,

458 Display Board.

4.57 The Display board is a single printed circuit board
and occupies connectors JI and J2 on the Main Logic
board. The display board is located directly behind and
parallel to the front panel of the instrument; the function
and range control knobs on the front panel are connected
by shafts to the rotary switches on the display board. A
mechanical interlock attached between the two shafts pre-
vents the manual selection of incorrect function/range
combinations. The display board contains the function,
the manual and autorange, and the annunciator circuitry.
The circuit is shown in simplified block form in figure 4.15
and described below.

4.58 FUNCTION AND RANGE SWITCHES.

4.59 These generate a negative true ouiput and operate
only in local control (programming not selected). The
function switch has three positions generating outputs
(from left to right) of AC, DC, and §. The range switch
has nine positions and generates the outputs shown in
table 4.2.

4.60 DATA ENCODE,

461 The output of the range switch is converted to
positive true 1248 BCD logic by thds circuitry. The BCD

RANGE DATA
(PRGGRAMMER) >

AUTORANGE RANGE
(PRGGRAMMER)} 3 RANGE &P ¥ DATA
DATA UP/DOWN
ENCODE COUNTER
RANGE IMPOSSISLE RANGE RELAY
SWITCH p TABLE > CODE DATA Looie  F>TO
(FP) 4.2 - LOGIC DECODE TABLE 4.4 LOGIC &
UP DN : INTERGON.
| A A A BOARD
AUTO-
RANGE ki
AUTORANGE Loaic
DATA M ragLE ANNUNCIATOR | IANNUNGEATOR
(FROM LOGIC 43 LOGIC
INTERCON.) TABLE 45 6
FUNCTION
SWITCH
{(F.P)

Figure 4.15 - Display Board
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Table 4.7 - Range Switch Code

DATA ENCODE
RANGE SWITCH CUTPUT BINARY
SWITCH QUTPUT WEIGHT
AlBlc o
100 RZ FiT|F!F 2
1 Ra TIT|FiF 3
1 R4 FLF | T F 4
10 BB T|E | T |F 5
100 HE flr| T F 8
1000 R TiT4ITLF 7
AUTO - FElF I FILF o
10M Ra FlF|F T 8
. 100M b= Tle s |7 g

output is the same as produced by the programmer for
remote range selection and is shown in table 4.2. The four
BCD output lines from the data encode are applied to the
up/down counter.

4.62  UP/DOWN COUNTER.

4.63  The up/down counter is 2 decade counter capable of
counting up from 0 to 9 and overflowing to 0, counting
down from 9 to 0 and overflowing to 9, being preset to the
BCD input, and being cleared to zero. In manual range the
up/down counter is held in the preset mode and the output
of the counter always equals the BCD code from the data
encode circuitry. In autorange the BCD input from the
range data encode is inhibited and the output of the counter
is controlled by the autorange logic.

4.64  AUTORANGE LOGIC,

4.65 The autorange logic generates the control pulses
for advancing the counter up or down. Data are received
from the function switch and from the range data decode
circuit, a BCD to 10-line converter. If no range change is
required the circuitry generates no control signals and the
counter is not advanced., An up range signal is generated
during the Program D period if an up range 160% signal is
frue and the wup range inhibit signal is not false (see
table 4.3). One up range signal is generated per measuye-
ment cycle. A down range signal is generated during the
Program D period if the down range 15% signal is true and
the down range inhibit signal is not false (see table 4.3).
Jne down range signal of this type is generated for each
neasurement cycle. In the event that the counter is in a
‘orbidden range {not available for the function selected),
luring the clear period, the counter is made to down range

16

Table 4.3 - Autorange Logic

INHIBIT

FORBIDDEN
UF DOWN RANGE
BANGE! FRANGE

-DATA

[+ F

at the clock rate until the counter is in an available range.
The autorange circuitry then operates normaily to select
the most appropriate range. The forbidden ranges are
indicated in table 4.3. If the counter output produces an
‘impossible code’ (as could happen when the instrument is
turned on and autorange is selected), the impossible code
logic resets the counter to zero; the autorange circuitry then
selects the appropriate range.

Table 4.4 - Relay Logic Coding

FUNCTION
BANGE 2 De AC

Al 1 1 1 100 A 1
+ + + + + + +
1 100 t 160 11000 1 100

100

R

]

10

160

10eo

10M

TO0M

ENERGIZED

. h—

o
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Table 4.5 - Annunciator Logic

ANNUNCIATOR
INPU"
PGM |FILTER [RATIO| DC AL Q KR MEG NO + -
SYSTEM CONTHROL F
ETLTER F
BATIO F
BE F F E
AT F
= F 3 F F o
. <
W1 {JUMPER I iN iN IN -
o
W2 [JUMPER} IN =
- m
R2 F 0
EX T F
k=t T F
+ POLARITY T
— POLARITY T
4.06  RELAY LOGIC. Table 4.6 - “NG™ Annunciator Logic
4,67  The relay logic is generated by data from the range NPuT O
data decode and the function swiich and is used via opticaily UF RANGE
coupled isolators on the Main Logic board to contro} the 160% N
attenuator range relays. The codes as shown in table 4.4 )
. CLEAR TirviTie ||
indicate the attenuator relay closure.
RO E
468 ANNUNCIATOR LOGIC. -
Y F
4.69 The annunciator logic controls the selection of the B E
apaunciator lamps as shown in tables 4.5 and 4.6. -
R3 F
470 MAIN LOGICAND CONTROLCIRCUITRY, w7 F
HE F

4.71  Thas circuitry, shown in the block diagram of fig-
ure 4.16, is located on the Main Logic board and consists of 51 TITT F
the control and display logic. In general this circuitry
controls all instrument operation including the integration
cycle, “times’ the output of the digitizer, and converts this PROGRAM T
information into data compatible with the Display board.

AC F F

SYSTEM

RGN T
. CONTROL
4.72 Control Logic.
W1 JUMPER ouT,
4.73  This circuitry controls the operation of the instru- W2 JUMPER ouH

ment and consists of the program logic, program counter,

4-17



980453

FROM DISPLAY BECIMAL
BOARD )y | naic . AEADOUT -t STROBE
BLANKING
» “TG-7 LINE CONVERTERS
eRTY BCD
LATCH LATCH LATCH LATCH LATCH LATCH
>> S & A N ¥ I O
@ 200 DI>—B & & {£)
COUNT
DELAY )
200 COUNT - En—;— 1'% w105 Fbef 100 i 1 K% —PF10 K 100K
* COﬁTH A 4 h 4 L
SUPERFAST , JCOUNTER]  coynTiios
SELECT LoGIc
+
1 b
POLARITY o (. CLEAR LOGIC
LATOH
- DESPLAY
T4 T CLEAR
>_ . 3 e
FROM 1 AXIG CLOCK
DIGFTIZER i F/# GATE
ol
> P T3
160K} >— () L) - X Py (A~ gica SIGNAL
; - CE‘FE.’:R > INT, INTEGRATE
¢
3 (8) LOGIC ITO DIGITIZER}
ol Pl PROGRAM rroGAAM [T
MASTER - 0GIC COUNTER
CLOCK COUNTER] (a)oge  -0HIC 1 % 1c)
o) - B
=B -3 {D}
CLEAR
HOLD 3] READ (100K} -] = /F - {E}
COMMAND o3l BATE 7 RESET
GEN (READ) LOGHE
Ir—-—)- o
PGM A-E
A A E
L PGM
—] Frmem—e—pe BATE READY
COUNTER b € DELAY DATA
DECODE (5 m3) DUTPUT )
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Figure 4.16 - Main Logic & Control Block Diagram

program clock, read rate penerator, master clock, clear
logic, and counter logic. The instrument operates on 2 five
step program cycle produced by the program circuitry.
This consists of a five stage shift register (or program
counter), a program clock, and control logic. The five out-
puts of the program counter correspond to the five program
states (PGM A, PGM B, PGM €, PGM D, and PGM E).
Only one output of the counter is true at any time during
the measurement cycle of the instrument and all of the
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outputs are false when the instrument is in clear. The
program counter is advanced by a gated square wave from
the program clock. The program clock output is driven by
and equal to the master clock frequency divided by 10 or
600 kHz and is synchronized with the counter at the start
of each measurement cycle. The correlation between the
master and program clocks causes a 10 count lag between
the program counters advancing during the signalintegration
period and the counter.




474 Program Cycle,

4.75  Preceding the start of the measurement cycle, the
instrument is in a2 clear state with the counter set to
100000 and the logic in the reset state. Upon receipt of a
read command, whether from the read rate generator or by
an external commanid, the clear signal is removed and the
counter begins counting. After ten clock counts (100010)
the program counter advances 1o PGM A. Program A, via
the pulse transformer T3, initiates the signal integrate
period of the integration cycle on the digitizer board. Pro-
gram A is terminated after the counter is advanced 160,000
counts. The period is a precise 16-2/3 millisecond and the
counter now reads 000010 (the counter overflows to zero
at 199,999). At the completion of Program A, Program B
is initiated, lasting for 200 clock cycles.  This period
corresponds to and provides the required digital delay for
the analog delay period between the signal and veference
integrate periods of the digitizer as described in para-
graph 4.36. At the completion of the 200 count delay
{PGM Bj, the 173, 10°s, and 100’s decades nf the counter are
reset, causing the counter to read 000000, At the same time
the program counter is advanced {o Program (, which in
tura enables the axis crossing detector. The program counter
remaing in this state until (1} an axis crossing signal is
received, indicating the reference integration pericd of the
digitizer is completed or (2) the counter reaches 160,000,
indicating an overload condition. One of these two inputs
causes the axis flip-flop output to go true, inhibiting the
clock gate and stopping the counter. The program counter
is advanced to Program D) and the A(delta) delay is initiated,
The delta delay lusts for about 1 millisecond and prevents
the ready line from going throogh until after the program
counter has completed its cycle. Program D lasts for one
program clock cycle and strobes all but the 100K latches.
The program counter then advances to Program E which
also lasts for one program clock cycle and strobes the 100K
Iatch. At the end of Program E, the Program A-E line goes
false, resetting the read rate oscillator, starting the € (epsilon)
delay which lasts for 5 milliseconds and generates the reset
signal for the digitizer, and gensrates the clear signal which
seis the counter to 100,000 and resets the logic. At the
end of the delta delay, the rsady line goes true zenerating
the DATA READY output signal and enables the program
logic to receive a new read command. At the completion
of the epsilon delay, the SYSTEM READY signal is
generated and indicates that the instrurent is able to
accept an external read command. This returns the circuitry
to the state at the start of the program cycle.

4,76 Display Logic.

4,77  This circuitry consists of the counter, latches, BCD-
to-7 line coaverters, display swrobe, clear logic, decimal
logic, and the counier control logie, The counter consists
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of five series connected decads counters and a J-K flip-flop,
and is capable of counting from 000000 to 19999% and then
overflowing to 000000, The counter isdriven by the 6 MHz
master clock by way of the clock gate and the counter
fogie. The clock gate permits the counter to advance only
during the measurement cyc¢le. The counter logic circuitry
routes the clock signal for normal or superfast operation.
The clear logic operates in conjunction with the clear flip-
flop and the counter logic to clear all or portions of the
counter depending on wormal or superfast operation for
different parts of the measurement cyele. The latches store
the information from the counters from the last measure-
ment cycle in the form of BCD data. The units through
10K latches are strobed (the information at the input of the
latch is transferred to the latch output 1 at Program DD; the
100K latch is strobed at Program E. The data from the
latches are converted to be compatible with the seven
segment LED displays by the BCD-to-7 Hne converter. The
converters are also used in conjunction with the decimal
logic to provide leading zero blanking. The LEDs on the
readout board are controiled by the BCD-to-7 line converters
and powered by the driver decoder strobing circuit. This
consists of a one-shot driven by a 120 Hz signal. The strobe
permits the LED’s to operate at their greatest efficiency
while maintaining low overall power consumption.

4.78 Superfast.

4.79  This is a high speed operating mode in which the
instrument is effectively converted to a four decade insiru-
ment. The actual selection of this mode and timing
considezations are covered under paragraphs 2.68 and 2,103,
Basically the superfast mode is achieved by bypassing the
least significant decade (1°8) with the counter logic. At the
start of a superfast messurement cycle, the 1's decade is in
the clear mode and the 6 MHz clock is applied directly to
the input of the 107s decade. The signal integration time of
the digitizer is reduced {rom 16-2/3 milliseconds to 1.6-2/3
milliseconds. The 200 digit time period must remain the
same as in the standard measurement operation so the
mstrument is converted back to standard operation during
the 200 count delay. At its completion the operation
reverts back to superfast and the reference integration
pertod 15 measured at the same rate the signal integration
period was generated.

4.80 Power Supplies.

4.81  There are two separate power supplies used in the
Model 5900; one provides the voltage levels required for
operating the analog portions of the instrument and the
other provides the voltage levels for the digital/display, data
output, and programming. The two supplies use a common
transformer core and primary winding but the supplies
themselves are completely isolated to maintain the common
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Figupe 4.17 - Program Block Diagram
mode rejection characteristios of the instrument. The analog 4.82 Program.
supply provide outputs of +25 voits, +20 voits, and —40
volts, all referenced to analog common (mecea). The digital 4.83  The program board is an option provided to allow
supply provides outputs of +3 volts, +5 volts unregulated, external remote operation of the instrument. The circuitry
and +150 volts, all referenced to digital common. is mounted on 2 single printed circuit board. The board is
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located above and parallel to the Main Logic board and
mounted to the Main Logic board on standoffs. Electrical
connection between the Main Logic board and the Program
board is by way of two cables (J3-J3A and J4-J44). A
portion of one end of the Program board extends through
the rear panel of the instrument, through an opening pro-
vided for that purpose. This portien of the board forms an
edge connector and is designated P202 PROGRAM INPUT.

4.84  The circuitry, shown simplified in figure 4.17, con-
sists of the program logic, data gate, and the command/
timeout circuitry. The program logic converts the control
line data generated at P202 to correspond to the instrument
control lines. The data gate passes or rejects the converted
data; the gate is enabled when the program switch is
operated and system control is selected on P202. A series
of inputs with their outputs are shown in table 4.7. The
timeout circuitry generates the necessary timeouts for

delayed remote programming. The timeout periods are .,

covered under paragraph 2.99,
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Table 4.7 - Program Logic Conversion
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Table 5.1 - Required Calibration Equipment

Minimum Use Suggested
Function | Qty Item Specifications Equipment
pC
(1} | Saturated Standard Cell Bank 1 ppr, certified EPPLEY 106
{6 cells)
{2} | DC Voltage Sources 0.1 ppm resolution FLUKE 332B
(1) | Voltage Divider Adjustable 0.1 ppm linearity FLUKE 720A
(1) | 10:1 Voltage Divider, Fixed I ppm, Fabricated*
Output 2 <10 Kohms
(1) 1100:t Voitage Divider, Fixed 1 ppm, Fabricated®
Output Z <10 Kohms
(2) | Null Detector/uVoltmeters 1 4V sensitivity FLUKE 845AR
AC
(1) | Thermal Transfer Standard 35 ppm @ 400 He, HOLT 64
50 ppm @ 40 kHz
(1) | Thermal Voltage Converter 50 ppm & 100 kHz HOLT 11
{1} | AC Voltage Source I ppm resolution HP745A/746A
(1} | Pulse Generator® 10 volts variable, 508 ouiput | TEKTRONIX 2101
2
(8} | Resistance Standards
1082 10 ppm ESI SR1 with corrections
10082 10 ppm ESI SR1 with corrections
1K8 10 ppm ESI 8R1 with corrections
10K 10 ppm ESI SR1 with corrections
100 K&2 10 ppm ESI SR1 with corrections
1 MS2 10 ppm Fabricated*
10 M82 50 ppm ESI SR1 with corrections
100 M2 80 ppm Fabricated*
OTHER | (1} | Momentary Switch, SPST - -
(1) | Phillips head screwdriver #1 - —
(1) | Insulated Adjustment tool JFD5284
{1y | 10 Kohm 1/4 Watt 5% 5% —
Carbon Registor
(1) | I Megohm 1/4 Watt 3% 5% —
Carbon Resistor
*See Text

S




SECTION 5

CALIBRATION

51 SCOPE.

5.2 This section describes the calibration of the Dana
Model 5900 DMM and the foilowing options:

Model 52 Ohums/DC Converter
Model 32 AC/DC Converter, RMS
Model 33 AC/DC Converter, Averaging

Model 62 4-Wire Ratic

53 GENERAL.

3.4 The Dana Model 5900 undergoes rigorous testing
and is precisely calibrated under closely coatrolled condi-
tions, prior to leaving the plant. The procedure provided in
this section is designed to recalibrate the Model 5900 and to
keep the instrument operating within specifications for
indefinite periods of time. If the instrument is equipped
with the rear panel selectable input option, set the FRONT/
REAR switch to the appropriate position for each of the
checks in this section calling for the application of input
signals to the instrument.

55 Required Equipment.

5.6 A list of the equipment required for calibration is
provided in table 5.1, The specific types of equipment in
the Suggested Equipment colummn are acceptable for caki-
bration and provided as s guide in selecting suitable equip-
ment; instruments kaving operating characteristics equal to
or better than those indicated may be substituted.

5.7 Fabricated Catibration Equipment,
5.8 Two fixed voltage dividers, 10:1 and 100:1, are re-

quired for de range calibration. The dividers provide the
required accuracy and low output impedance not normally

available on commercial equipment. The specifications of

the dividers are indicated in table 5.1,

5.9 Two standard resistors are calied out for ohms
calibration, for which no commercially available standard
resistors having the required acowracy are presently avail-
sble. These can be fabricated by mounting precision
resistors in a standard minibox on 3-way binding posts.

Table 5.2 - Fixed Voltage Dividers

Range | Output Acourac
Ratic [Used on |Impedance cruracy
10:1 |1V <10 KEY | The absolute accuracy of cach
100V divider must be known to 1
ppm with the operating voli-
100:11 0.1V age applied {Le., the voltage
coefficient must also be
1000V known)

Suitable types of resistors for the two ranges are listed
below,

1 Megehm 2 ppm TC wirewound of known value

100 Megohm 25 ppm TC metal {ilm of known value
510 D{ Voltage Sources.

5.11  To produce voliage levels of necessary accuracy,
special techniques are required.  Suitable methods of
generating these voltages are shown in figures 5.1 and 5.2,

512 10 VOLT S0URCE

5.13  Aprecise and traceable source of 10 volisis required,
not only for calibrating the 10 volt range, but also as a
reference for generating highly aceurate .1, 1, 100, and 1000
volt levels. The 10 volt source used must satisfy the
following requirements,

a. It must be traceable to the National Bureau of
Standards;

b. 1t must have a total accuracy of 1.1 ppm;
¢. It must have a low output impedance.

A source filling these requirements is shown in figare 5.1,
This circuit consists of a null detector, 7-decade voltage
divider, a dc voltage supply, and a bank of saturated
standard cells, Two advantages of this particular hookup
are that: (a) there is minimal loading of the standard cells
and {b) stability, not accuracy, is the primary requirement
of the dc voltage supply.

5.14  The output of this circuit is set to a precise 10 voits
by setting the voltage divider to the value of the standard
cells. The de voltage source is then adjusted to produce a
mull on the null detector. The accuracy of the 10 wvolt
source is within 1.1 ppm.
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Figure 5.2 - Generating Accurate DC Levels
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Table 5.3 - DC Source Accuracies

24 hr.

10 Volt Fixed Total DMM Times
Range Source Divider Accuracy Accuracy Better
10 1.1 ppm - 1.1 ppm 10 ppm 9
1 1.1 ppm 1 ppm 2.1 ppm 10 ppm 48
1 1.1 ppm 1 ppm 2.1 ppm 20 ppm 458
100 1.1 ppm I ppm 2.12 ppm 16 ppm 47
1000 1.1 ppm I ppm 2.12 ppm 10 ppm 4.7

5.15  OTHER SOURCES.

5.16  The remainder of the de sources can be generated by
the circuits shown in figure 5.2. Each of these hookups use
a calibrated 10 volt source having the characteristics of the
one previously described.

5.17  ACCURACY, DC.

5.8 The sccuracy of the dc voltage sources is obtained
by adding the wvarious sources of error in each hookup;

errors in this discussion are defined in parts per million
(ppm). For the 10 velt source, the error is the sum of the
standard cell bank (certified at 1 ppm) and the voltage
divider (0.1 ppm), giving a constant 1.1 ppm. In table 5.3
is shown the errors of each voltage source, the total accuracy
of each hookup, the accuracy of the Model 5900 DMM, and
the degree to which the sources exceed the required
accuracy of the DMM (4 to 10 times better is the suggested

accuracy ratio per MIL-M-38793).

___/
me O

FUNCTION]

DC SOURCE TRANSFER STANDARD
DC. With DMM used to monitor DC output, de soursce is
adjusted to desired voltage. Transfer standard is then use
+ O djusted to desired voltage. Transfer standard is th d
O per manufacturer instructions.
5900 AT INPUT
O
+ O
e~ O
FUNCTION)
TRANSEER STANDARD A ]
' AC, The ac source is adjusted to produce a auli on transier
o C[)“JC NPUT standard. The ac source cutput is now calibrated and can
o he used as a precision source tor the recalibration of the
O 3900 AC Converter.
/O NOTE: Because of the low inpul impedance of the transier
5300 OAC INPUT standard, the DMM input leads must be connected as close
/ to the transfer standard input terminals as possible.

Figure 5.3 - AC Source




980453

Table 5.4 - AC Source Accuracies

INPUT ACCURACY
AC Source Thermal Transfer DC Total Model 33 Model 32
Volts Freq Standard Source AC Source (8pec) (Spec)
1,10, and 400 Hz 35 45 200 ppm
m m
100 Volts 500 Hz PP PP 600 ppm
50 kHz 1800 ppm
: 50 ppm 10 ppm 60 ppm
100 kHz 400 ppm
500 Voits , 400 ppra
40 kHz 50 ppm 60 ppm
900 ppm
1000 Volts ) 200 ppm
400 Hz 52 ppm 62 ppm ;
600 ppm

5.19 AC Voitage Sources.

5.20  The generation of accurate ac signals for calibrating
the ac converter ranges, requires the use of a thermal
transfer standard and a precise dc standard as well as a stable
ac source, Sufficient accuracy can be obtained by using a
de source and the Model 5900 being calibrated (immediately
after the dc calibration has been completed). The circuitry
connections are shown in figure 5.3, Information on the use
of the transfer standard can be obtained from the operators
manual accompanying the standard, The 3900 is used to
set the de source to the desired voltage; the thermal transfer
standard is then used to calibraze the output of the ac
source. The calibrated ac source is used to calibrate the
3900 ac converter. This procedure is repeated for each
range.

521  ACCURACY, AC,

5.22  The accuracy of the ac source is equal to the sum of
the transfer standard zccuracy and the accuracy of the de
source. The accuracy of the setup for each range and fre-
quency used in the calibration procedures as well as the
specified accuracy of the converters is provided in table 5.4,

5.23 PREUIMINARY PROCEDURE.

£.24 Warmup,

525  Apply power to the instrument and allow two (2}
hours of warmup time before calibrating with instrument
covers in place.

K26 Familiarization,

5.27  Prior to starting the procedure, read all of the steps
and verify that ail of the necessary equipment, tools, and
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miscellaneous hookup cables required for the calibration
procedure are readily available. Verify that all of the equip-
ment used in the calibration is warmed up for the period
prescribed by the manufacturer to reach full accuracy,

5.28 Calibration Points.

5.29  The location of the calibration points (except ac)
used in the calibration procedure are shown in figure 5.4,
The ac calibration points are shown in figure 5.8. Access to
the calibration points is gained by removal of the top
cover; the cover is secured to the DMM by captive screws
located in each of the four corners of the cover. Dizrectly
beneath the cover is located « metal shield with access holes
to calibration points (except ac). The shield is part of the
mstrument internal guard system and helps to reduce noise,
For reference, an abbreviated form of the basic calibration
procedure is silkscreened to the top of the shield. The
shield is to be left in place unless specific instructions are
given for removal,

5.30 Environmental Considerations.

5.31  The ambient temperature of the calibration environ-
ment shall be held to 23°C + 19C.

NOTE

In instruments equipped with the optional 4-wire
1atio option it is necessary {o remove the 4-wire ratio
circuit board and connect jumpers W2 and W3 on the
interconnection beard.  The shield is removed for
access to the circuit hoard and then repiaced prior to
calibration of the instrument.

5.32 RECALIBRATION PROCEDURE.

5.33  The procedure is designed to produce the highest
accuracy in the least number of steps while minimizing
interaction between adjustments. To ensure accuracy, do
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not deviate from the order of adjustments as given in the
procedure. '

WARNING

Removal of covers exposes potentially lethal voltages.-
Avoid centact with internal elecirical connections
while unit is connected to AC Power source,

536

5.37

Repeat the above steps as required until all steps
are calibrated.

Verify that the voltage at the ANALOG QUTPUT
terminals (on rear panel) is the same as the voltage

on the input terminals at various input levels (+10V,
+1V, etc.).

DC RANGE CALIBRATION,

Apply inputs listed in the following table. Select

DC function and range as listed for each step. Adjust the
indicated control for a readout equal to the input voltage.

Input Range Adjust
+.100000V A RI1Z{.1V)
—.100000v N RIB(IV)
+1.00000V t R53(1V}
—1.00000V I RSE{1V)
+100.000 100 R11{100V)
~-100.000 16¢ Verify
+1000.00 1060 R13(1000V)
—1000.00 1000 Verify

5.38

5.39

OHWMS CALIBRATION (Figure 5.4).
Ohms Zero,

Select §3MSD function and the 10 Megohm range.
Short the + INPUT and + CURRENT terminals

together. Adiust R56 (82 ZERO) for zero readout.

Remove short from INPUT and CURRENT ter-
minals. Connect a 10 Megohm standard resistor

across the + INPUT terminals. Do not connect the
+ CURRENT lead (figure 5.5}

5.34 lIsolator Zero,

a.  Select DC function and .1 volt range. Short the +
input terminals; conmect microvoltmeter to
ANALOG QUTPUT terminals. Set DC OFFSET
(front panel} to the center of its mechanical span.

b, Adjust R14 (\1V Zero} on Isolator for a micre-
voltmeter reading of less than 100 microvoits.

¢. Replace the jumper across the + INPUT terminals
with a I Megohm resistor. Adjust R3 (100V ZERQO)
for a reading of less than 1 millivolt.

d.  Replace the resistor with a jumper. Select 10V
range. Adjust R7 (10V Zero) for a reading on the
microvoltmeter of fess than 20 microvolts.

e. Repeat the above steps until all ranges are zeroed
within the indicated tolerance.

5.35 DC Voitage Zaro and Gain.

a.  Select DC function and 10V range. Apply an input
of +00.0010V. Observe readout and reverse polarity
of input {—00.0010V}. Adjust R27 (+10 DIGIT
BAL) for same readout for “+” or “=7 inputs. Ad-
jusi R40 (10 DIGIT SPAN) for + 10 digits

b.  Apply inputs listed in following tables o the front
panel input terminals and the rear panel ratio input
terminals. Select mode as listed for each step and
adjust indicated control for a readout of +10.0000.

i
Ratio Select Adjust

E/P Input Input Mode {on Digitizer)
—1.00000V | +1. 00000V | Ratio | R5 (—RATIO LIN)
+E00000V | +£1.00000V | Ratio | R64 (+RATIO LIN)
—16.0000V | +10.0000V | Ratio | R2(-10V RATIO)
-10.0000V Do R4 (--10V)
+10.0060V ne RET (+10V)

5.6

+ NPT O—————

— INPUT S‘mmm
-1

10 MEGOMHMS

Figure 5.5 - Ghms Input Connection
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c. Adjust R9 (2 BIAS) for a readout of rerch,, Standard
Resistor Range Adjust
5.40 OHMS RANGE. 1K 1K - R22 (1K)
a. Connect standard resistors to the input in the o.rder 100 1K R36 (.1K)
listed in the following table, Select range as h\sted
for each step and adjust the indicated control for a 10 10 No adjustment;
readout equal to the standard resistor value. Con- verify accuracy
nect as shown in figuya 5.6.
+1
+ INPUT
RgTANDARD
NPUT O ' 5.41 AC CALIBRATION (Model 33).
-1 5.42 AC Converter Zero (Figure 5.8).

Figure 5.6 - Connections for Ohms Range Adjustment

Standard

Resistor Range Adjust b.
100M 100M R51 (100M)
10M 10M R47 (10M)
M 1000K R45 (1000K) -
100K 100K R43 (100K)
10K 10K R5 (10K}

b. Connect input with 4-wire configuration (figure 3.7) 5.43

and complete the adjustments of the low ranges.

T O
+ ANPUT O

§ b,
— INPUT O o]
PN o S

Figure 5.7 - 4-Wire Connections

Remove Scaling Amp, insert Scaling Amp Bypass
card (Dana P/N 410617} in its place, and install AC
Converter on extender. Select AC function, any
range, and leave input open.

Connect the microvoltmeter with a 10 kilohm
resistor in series with the positive lead to TP3, with
negative side to TP6 {common). Adjust R35 for a
microvoltmeter reading of less than 10 uvolts.

Connect the + microvoltmeter lead altemnately
between TPS apd TP1. Adjust RS so that the
voltages at TP5 and TP are equal (balanced) within
approximately +10 uvolis (opposite polarities). The
voltage at each of the two test points must be less
than +20 uvolts.

Freguency Response.

Depress FILTER switch. Apply 1 voit at 400 Hz ,
and record readout. Apply 1 volt at 100 kHz and
adjust C13 for same readout {+10 digits) as ob-
tained with 400 Hz.

Remove extender from AC Converter; remove
Scaling Amp Bypass card. Install AC Converter and
Scaling Amp into instrurnent.

Apply the inputs listed in the following table and

adjust the indjcated control on Scaling Amp for a
readout equal o the input.

5.7
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Ein Freq. Adjust
01000 400 Hz AC QFFSET {front panei)
1.00000 400 Hz RIT(IVLE)
10.0000 | 400Hz R8(10VL.F)
100.000 400 Hz R7(100V LF)
1000.00 400 Hz "R3(1000V LE)
N ) C1 (1000V H.F.)
set to center of span
500.00 40kHz | C20(INPUT HF)
1.00000 100 kHy CI9(IVHFEF)
10.0000 100 kHz C10(10V H.F.)
100.000 100 kHz C3 {100V H.F)

980453

Connect + microvoltmeter lead to TP3. Adjust R31

for 0 + 30 mV. Remove + microvoltmeter lead
from TP3.

Connect + microvoltmeter lead to TP4. Adjust R41
counterclockwise until the voltage at TP4 reads
0 % 5 uV. Remove microvoltmeter leads and re-
move jumper across DVM input.

Apply —-1.00000V DC and note DVM display.

Reverse polarity of input to +1.00000V DC and
adjust R28 to obtain approximately the same DVM
display as obtained in step g. Repeatstepsgandh
until the two readings are within .01% of each
other.  Remove DC supply from DVM jnput.

Apply +0.10000 to DVM input and note DVM
display.

Reverse polarity of input to —0.10000 and verify
DVM display is within +5 digits of the reading
obtained in stepi. If not, use R31 to balance the
readings.

5.44 RMS AC CALIBRATION (Model 32).
NOTE |

voltmeter,

Use 10 K2 resistor in series with + lead of micro-

Set DVM power switch to off. Extract converter,
8et 81 and 82 to DC (away from center of board},
replace converter and set power switch to on. Se-
lect AC and 1 volt range on DVM front panel
Allow 10 minutes for temperature to stabilize.

Connect jumper across DVM input terminals. Con-
nect the microvoltmeter to TPl (+} and TP5 ().
Adjust R17 for a microvolimeter reading of 0 +
30 uV. Remove + microvoltmeter lead from TPI.
Turn R41 fully clockwise.

Connect microvoltmeter + lead to TP4. Adjust R42
for a microvoltmeter reading of +20 uV + 10UV,

Connect + microvolimeter lead to TP2. Adjust R33
for a microvoltmeter reading of O + 30 gV. Re-
move microvoltmeter + lead from TP2.

NOTE

R54 is an FSV adjustment and is reset only if major
repairs have been performed on the converter. In this
event, perform the following adjustment:

Apply a calibrated 1.00000V RMS pulse train with a
crest factor of 7 and a period of 1 millisecond (1 kHz
repetitionrate). Adjust R54 for a readout of 1.00000.
Remove the pulse generator from the DVM input and
continue with the calibration procedure starting at
step k.

Set power switch on DVM to off, extract converter,
set 81 and 82 to AC (toward center of board). Re-
place converter in DVM. Reapply power and allow
10 minutes for temperature to stabilize. Select
FILTER.

Connect the AC source to the DVM input terminals.
Apply the inputs Histed in the following table and
adjust the indicated control for the proper readout.

¢

59
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INPUT
- AC
Range | Voltage Freq Adjust | Readout
v 1.0000 | 500 Hz R58 1.060000
v 1000 | 500 Hz  |a.c.offset| 0.10000

Repeat steps for R58 and a.c. offset until no
adjustment is required.

1000V | 1000.0 | 500 Hz R3 1000.00
1000V ; 500.00 40 kHz | C11*% | 3500.000

v 1.0000 50kHz | C9% 1.00000
10V 10.000 § 500 H:z R7 16.0000
10V 10.000 50kHz | C7* 10.6000

100V 100.00 | 500 Hz RS 100.000
100V 100.00 S0kHz | C4* 100.000

*Use an insulated screwdriver when adjusting the
capacitors. High voltage present on C11.

' 5.45 4WIRE RATIO CALIBRATION,

MOTE

D calibration of the instrument must be completed
before calibrating 4-wire ratio, The DC calibration

- must be performed with the 4-Wire Ratio board re-
moved and jumpers installed across W2 and W3 on the
interconmection board.

f.  Remove jumper from hLigh side of reference input
to common. Conneect the jumper between low
reference input and common. Adjust R9 for a
readout of —10.0000. Remove jumper and verify
that the readout does not change by more than one
digit.

g.  Apply +1.0V to both signal and reference inputs.
Verify a readout of +10.0000.

1200

U

a. Install 4-Wire Ratio board; remove jumpers across
W72 and W3, Select RATIO, 10V RANGE, and DC
function.

b. Comnect —1.0V to front panel INPUT terminals;
connect +1.0V to REF INPUT terminals on rear
panel. Connect a jumper from high side of reference
input to ANALOG COMMON (on rear panel).

c. Adjust R12 on 4-Wire Ratio board for a readout
of —10.0000 (figure 5.9).

d. Increase voltage at INPUT terminals to —10.0 volts;
increase REF INPUT to +10.0 volts. Adjust R10 for
a readout of —10.0000.

e.  Repeat steps b through ¢ until both are achieved
without furiher adjustment.

5-10

Figure 5.9 - 4-Wire Ratio Adjustment Locations
5468 TROUBLESHOOTING

5.47  This procedure is provided to aid in locating the
cause of an instrument malfunction. The procedure consists
of a systematic basic instrument operation check, a table
of symptoms and probable causes, and a brief description
of major areas of the instrument circuitry from a trouble-
shooting standpoint. To eliminate as much as possibie
redundant material, frequent reference is made to informa-
tion located in other sections of the manual.

5.48 Troubleshooting Equipment

5.49 The equipment listed in table 5.1 can be used for
the procedure with the addition of an oscilloscope such as
the Tektronix type 453, Access to the main circuitry is
gained by removal of the top cover and shieid.

550 Power Supply Check

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

5.51  Before proceeding with the analog and digital cis-
cuitry, check that ali the supply voltages are present. if &
discrepancy is found, proceed to table 5.5.



Table 5.5 - Power Supply Check

Low or Zero output of Supply:
1. 5Set power switch 10 QFF,
2. Remove all plug in boards to eliminate possible
source of shorts.
3. Apply power and recheck supply output.
a. If normal, check plug in boards
b. If low, check components on main board

for excessive heat dissipation.

No output of any Supply:

1. Disconneci power cable from line voitage and
back of instrument.

2. With power switch on, check for contituity
(Low DC resistanice) between HI (pin 2) and
LO (pin 1) of J203 (typically, 110 volt range is
1282, 220 volt range is 33§2). An open indicates
a falure of F201, 8201, 8202, or T1.

552 Operational Check

5.53  The check consists of narrowing down the problem
to a specific area or circuit. This is done by checking out
the basic instrument functions in a prescribed sequence and
referring 1o the troubleshooting guide when the instrument
fails to perform as indicated.

5.54 Preliminary Instrument Setup

a Select DC function, ! Range, Filter OUT, Ratio
Out, Data Output Out, Remote Control Out, and
Rate Control fully clockwise.

b, Verify the line voltage selector on the DMM rear
panel is positioned for the available line voltage
and connect power cable,

c.  Perform the checks indicated in Table 5.6 if the
instrument fails to provide the indicated ouiput,
refer to table 3.7 for assistance.

555 Circuit Ef)escrip‘tions

5.56  The remuining paragraphs describe the operation
of the instrument circuitry from the standpoint of specific
operating characteristics. These are to be used in trouble-
shooting to verify proper operation. The majority of the
circuitry operates in a linear flow: that is, a signal is genera-
ted at one point and processed, encoded, decoded, or con-
verted through various other circuits. 11 the output of one
of the circuits is incorrect, the circuit 18 bad.

980453

Table 5.6 - Cperational Check

Step Input Annunciator? Display *
1. ta, Coanect jumper +or - 0.00000
across +and -
input
k. Set power switch on
2. {a. Remove jumper + 1.0G000
from input
b. Apply +1 volt to
input (B source)
3. | Reverse Polarity of 1.00000G
input source
4. | Select 100 mVY range NO 160060
on DMM
5. |Reduce input to 0.1 | - 100,000
volt (DC source)
6. ) Select 10 voltrange on | - 060.1000
DMM
7. | Select 100 voli range — 000.100
on DMM
8. iSelect 1000 volt renge | — 0000.10
on DMM
9. | Increase input voltage 0200.00
to - 200 volts
10,  Reduce DX Source and remove source from
input ‘

*May require adjustinent of front panel offset

537  MEASUREMENT LOGIC. These circuits are covered
i paragraphs 558 through 5.63 and include the control
and display logic. Sympioms of a failure in this area is the
Display does not change with a change of mput signal
(sce block diagram in figure 4,16 and schematic - figure 6.3)

3558  CLOCK OSCILLATOR, The clock oscillator runs
continuously at 6 MHz. I there is no signal, repair the clock.
(5 MHz for 50 Hz operation). QI, U3RC, Y1, UI3A

5.59  DECADECOUNTERS These }0s(U14-U18, U334)
are the decade counters and are driven by the 6 MHz clock
and run only during measurement cycele. If they do not run,
replace them.

3.60  LATCHES These ICs (U7-U11. U38KE) store the
information appearing at the input line (2, 6, 7, 3) upon
receipt of a transfer pulse (PGMD} the stored date
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Table 5.7 - Troubleshooting Guide

Symptom Diagnosis Probable Caunse Reference
Dispiay Blank Power Supply Para. 5.50
Left 3 digits blank 1 eading Zero Blanking Para. 5.61
Decimal point wrong position Range Logic Annunciator Logic Para. 5.66
Display does not change with Instrument locked up Clock Para. 5.58
a change in input signal Decade Counters Para, 5.59
Messurement Logic Pam. 5.57
Control Logic Para. 5.63
Digitizer Logic Para. 5.64
Isclator Para. 5.65
Display numbers incorrectly formed BCD to 7-Line Converters Para. 5.61
Manual range selection incorrect Range Logic Manual Range Encoding ﬁaszagl 4.56 ~
Readout does not Zero properly Offset Eiror DC Offset Adjust R 60
Isolator Para. 5.65
Digitizer Logic Para. 5.64
Reading Unstable Isolator Oscillation Para. 5.65
Attenuator Relays Table 5.9
Table 5.10
Improper Reading Out of Calibration Para. 5.1-5.45
Non Linear Isoiator Para. 5.65
Integrating Capacitor C8
Will not read full scale Digitizer Logic Table 5.8
Isolator Table 5.9

appears and remains at output lines (16, 10, 9, 15} untit
the next transfer pulse. (PGMD).

561  BCD TO 7-LINE CONVERTERS. These units 11
through U6 convert the data from the counters to 7-line
for the display and provide the leading zero blanking
function. These units may be checked by swapping if a
malfunction is suspected.

562 READ-OUT. The LED’s on the teadout board
(LED 1 through LED 6) are controlled by the BCD to
7-line converters and are powered by the driver decades
strobing circuit (U44, Q19). Failure of strobe circuit is
indicated by blank display or excessive current drain
from +5V regulated supply.

5.63  CONTROL LOGIC. This circuit controls the opera-
tion of the instrument and consists of the program logic
(U38B, U38D, U13D, U32A, U38A, U36A-E), program

counter {U37}, read rate generator {Q43, Q42, 9, QI10,
U3I1B, U30A), program clock {U39), clear logic {(U28A, R,
U29B), counter clear logic (U19A, U13F, U27B, U27A,
U34C, U20A, €, D, UI3E, U34D), decimal logic (U41),
auto range logic (U40A, D, U26A, UISB, D), are axis
crossing/polarity logic (Q2, 3, U32C, U30B, UZ6B,
U29A). Failure of any of above circuits would be indicated
by a locked-up display. See figure 4.13 for timing and wave-
form diagram.

5.64  DIGITIZER LOGIC AND 10V REFERENCE AMP.
LIFIER. (See block diagram, figure 4.12 and schematic
figure 6.13). This circuitry performs the A/D conversion.
It is mounted on a single PC Board and mates with
connector J9 on main logic board. The circuitry includes:
integrator and switching network, gain stage, aull detector, .
transformer driver, signal and reset logic, switch controls
and +10 volt reference supplies (see paragraph 4.38
through 4.51 for theory of operation). For troubleshooting
chart on digitizer and 100 reference amplifier see table 5.8.



Table 5.8 - Troubleshooting Chart — Digitizer and 10V Reference Amplifier
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Table 5.9 - Troubleshooting Chart. -~
Isolator and Attenuator Boards

Sympton Probable Cause

1. Unstable, Noisy Reading | 2. Osciilation of AR2,
on all functions or AR4

b, Bad Q6

¢. Filter eircuit ARS
K1 (Isolator)

d. Attenuator relays
KI1,K2,K3, K4

2. Won’t Read Full Scale a. Q8 or 9
b. See table 5.8

3. Display locked on over- |a. Q7.4
load b. AR3 {Check AR4
pin 6 if 20 volts
replace AR3)Y

c. Q64

d. 02,03, 04,0r Q5

e. Bee table 5.8

4. Excessive Input Bias a. Adjust R3, R7
Cuirent b, QI failure if cannot
adjust

.65 ISOLATOR. The isolator is a single printed circuit
board and mates with conncctor 38 on the main logic
board. The isolator operates in conjunction with the
attenuator board as shown in figure 4.10. See table 5.9 for
iroubleshooting information.

5.66  ANNUNCIATOR LOGIC. This logic controls the
selection of annunciator, autoranging and polarity as shown
in tables 4.3 and 4.6, and schematic figure ¢.17. Failure
of these circuits would cause improper range coding,
improper annunciation, improper decimal placement, or
improper autoranging.

5.67  OPTIONAL ACCESSORIES. Options include AC
converter, RMS AC converter, ohms converter, remote
programming, and four-wire ratio. See troubieshooting
guide table 5.310 for more information.

.68 BOARD REVISION.

5.69  Every effort is made to keep the manual con-
current with the instrument despite changes to the design,
which are an inevitable adjunct of the manulacturing pro-
cess.  The manual is updated and periodically reprinted
throughout the year. In between printings, Addendums
and Errata Sheets are added to the manual if required to
implement the reprinted copy.
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Table 5.10 - Troubleshooting Chart — Optional Accessories

TUONITWILL ]
NOT RESPOND g

TO REMOTE
i PROGRAM
S
T [Disriay sosid
< PROGRAMS SEE FIGURE 4.15
0. " YABLE 42 &
| MANUALLY SCHEMATIC
[ FIGUREB 7
YES
< PROGRAME™ CHECK REMOTE

BUT WILL NOT N NOQ

. ACCEPT READ PROGRAM LOGIC

REPLACE U11¢ ]

UNIT EXHIBITS
FIRST READING
ERRORS

—
|

E - P S—
®

/'.('IGMMANGENG\\ N WRONG READ
1202, 810 /}‘* COMMAND
e

-

- e

SRS

TTFAILURE IN |
TIMEDUT

GENERATOR 03,
THRU 8, C1 THAU
S v SR

570  Any design change is accompanied by an updating
of a board revision. Such change could be as simple as a
revised hole size or as complex as major modifications of
the circuitry. The revision of a board is indicated by the
letter preceding the assembly number stamped on the
board; the revision of the assembly drawing in Section 6 or
on an Brrata Sheet is indicated by the letter following the
assembly number, located below the drawing. Comparing
the revision letters can indicate how closely the drawing
corresponds to the board.



Table 5.10 - Troubleshooting Chart - Optional Accessories (continued)
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