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WARRANTY

Notwithstanding any provision of any agreement the following warranty is exclusive:

The JOHN FLUKE MFG. CO., INC., warrants each instrument it manufactures to be free from defects in material and
workmanship under normal use and service for the period of 1-year from date of purchase. This warranty extends only
to the original purchaser. This warranty shall not apply to fuses, disposable batteries (rechargeable type batteries are
warranted for 90-days), or any product or parts which have been subject to misuse, neglect, accident, or abnormal
conditions of operations.

In the event of failure of a product covered by this warranty, John Fluke Mfg. Co., Inc., will repair and calibrate an
instrument returned to an authorized Service Facility within 1 year of the original purchase; provided the warrantor’s
examination discloses to its satisfaction that the product was defective. The warrantor may, at its option, replace the
product in lieu of repair. With regard to any instrument returned within 1 year of the original purchase, said repairs or
replacement will be made without charge. If the failure has been caused by misuse, neglect, accident, or abnormal
conditions of operations, repairs will be billed at a nominal cost. In such case, an estimate will be submitted before
work is started, if requested.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS,
OR ADEQUACY FOR ANY PARTICULAR PURPOSE OR USE. JOHN FLUKE MFG. CO., INC., SHALL
NOT BE LIABLE FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN
CONTRACT, TORT, OR OTHERWISE.

If any failure occurs, the following steps should be taken:

1. Notify the JOHN FLUKE MFG. CO., INC., or nearest Service facility, giving full details of the difficulty, and
include the model number, type number, and serial number. On receipt of this information, service data, or
shipping instructions will be forwarded to you.

2. On receipt of the shipping instructions, forward the instrument, transportation prepaid. Repairs will be
made at the Service Facility and the instrument returned, transportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of JOHN FLUKE MFG. CO., INC., instruments should be made via United Parcel Service or “Best Way”
prepaid. The instrument should be shipped in the original packing carton; or if it is not available, use any suitable
container that is rigid and of adequate size. If a substitute container is used, the instrument should be wrapped in paper
and surrounded with at least four inches of excelsior or similar shock-absorbing material.

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

The instrument should be thoroughly inspected immediately upon original delivery to purchaser. All material in the
container should be checked against the enclosed packing list. The manufacturer will not be responsible for shortages
against the packing sheet unless notified immediately. If the instrument is damaged in any way, a claim should be filed
with the carrier immediately. (To obtain a quotation to repair shipment damage, contact the nearest Fluke Technical
Center.) Final claim and negotiations with the carrier must be completed by the customer.

The JOHN FLUKE MFG. CO., INC, will be happy to answer all applications or use questions, which will enhance your
use of this instrument. Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.O. BOX
43210, MOUNTLAKE TERRACE, WASHINGTON 98043, ATTN: Sales Dept. For European Customers: Fluke (Holland)
B.V., P.O. Box 5053, 5004 EB, Tilburg, The Netherlands.

*For European customers, Air Freight prepaid.

John Fluke Mfg. Co., Inc., P.O. Box 43210, Mountlake Terrace, Washington 98043

Rev. 4/80
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Section 1

Introduction & Specifications

1-1. INTRODUCTION

1-2. The Model 8300A is a versatile digital voltmeter
with five full decades of digits plus a sixth digit for 20%
overrange. Its mainframe will accept options in any se-
quence for expansion from a bench DVM into a bench or
systems multimeter.

1-3. The Model 8300A uses the Fluke developed
Recirculating Remainder* A-to-D conversion system which
determines the most significant digit by a very accurate
direct comparison process, stores a sample of the remaining
input voltage, and serially determines the value of succeed-
ing digits from this sample. This process requires only one
decade of BCD counter and one decade of precision re-
sistive ladder network for five complete decades of con-
version. Multiple use of components results in low parts
count, and low power consumption, thus ensuring high re-
liability. Complete isolation of digital data outputs is yet
another outstanding characteristic of this Fluke developed
technique.1-4.

1-4. The basic instrument offers three ranges of dc
voltage measuring capability including autorange, auto-
polarity, and switchable active filtering. In addition, the
8300A-10 configuration offers five ranges of dc volts, and

6/23/72

the 8300A-02 version offers both five ranges of DC volts
and five ranges of ohms measurements.

1-5. The Model 8300A’s sample rate can be manually
varied from the front panel or it can be remotely controlled
(optional). Full guarding is accomplished by box-in-a-box
construction and use of a FLUKE custom-designed isolating
power transformer. Guarding is not compromised when the
isolated Data Output and Remote Control units are added.
Calibration is accomplished through the guard via labelled
ports.

1-6. ANALOG OPTIONS

1-7. All optional functions may be installed in the field.
The analog options are fully within the guard, their installa-
tion automatically enables the appropriate function light
of the display. Options may be field installed. AC volts
features a SOHz to 20kHz midband with excellent accuracy
to 30Hz and 100kHz. My function extends the dc capa-
bility of the 8300A to 100mV at full range with 1uV of
resolution.  The ohms function includes 5 resistance
ranges, using a modified four-terminal configuration on the
two lowest. DC External Reference can be used for true
four-terminal ratio or for systems measurements related to
a master reference. AC External Reference is available for
AC/AC ratio measurement applications.

1-1
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1-8.
1-9.

DIGITAL OPTIONS

Data Output is completely isolated from the ana-

log input and is available in a 8-4-2-1 BCD logic level
format. Data is transferred serially via guarded toroids
from the Model 8300A to the Data Output unit. Single
decade code conversion and serial-character, parallel-bit
acquisition are unique capabilities in addition to standard
full parallel output.

1-10.  Remote Control is fully isolated from analog input
and may be fully isolated from the Data Output unit but is
normally used in conjunction with it. Control is exerted
by logic levels or contact closures. Isolation from analog
circuitry is accomplished through the use of light-emitting
diodes and photo-transistors.

1-11. ELECTRICAL SPECIFICATIONS

RANGES . . .. . . . . . . e . £10V, £100V and +£1000V. 20% overrange capability (1100V maximum)

POLARITY Automatic, instantaneous selection and display.

RANGE SELECTION

Manual and autorange standard (Remote optional)

RESOLUTION 0.001% of range (1 uv on 0.1V range)

ACCURACY:

24 hours, 2§°c ¢1°g .................... +(0.005% of input + 0.001% of range)
30 days, 20°C to 300C + (0.008% of input + 0.002% of range)
90 days, 20 Coto 30 (OI .................... +(0.01% of input + 0.002% of range)
6 months,o20‘C to°30 .................... +(0.01% of input + 0.004% of range)
1year,20Cto 30 C +(0.015% of input + 0.005% of range)

TEMPERATURE COEFFICIENT:

0°C t0 20°C, 30°C to 50°C
INPUT RESISTANCE
FILTER

+(0.0007% of input + 0.0003% of range/°C
10V: 10,000 megohms minimum, 100V & !000V: 10 megohms

Switch selected 3 pole active filter standard (remote control optional.) ,

To within 0.01% of step function change including polarity change.

25 ms maximum unfiltered. (No settling time required for input applied
coincident with read command. Time given is digitizing time only.)

500 ms maximum filtered.

NOTE: Filter settling time unaffected by source impedance.

REJECTION: DC AC NOTE
Normal Mode (Filtered) - >60 db, above 50 Hz 150% of Range sum of Input Peak AC
Normal Mode Voltage plus DC/Voltage
Common Mode (Unfiltered)
1 K§2 unbalance in either lead | >>140db | > 100 db, 60 Hz and above
100£2 unbalance in either lead | >160db | > 120 db, 60 Hz and above 1000V DC or peak AC maximum
common mode voltage.
Common Mode (Filtered)
1 K§2 unbalance ineither lead | >140db| > 140 db, 60 Hz and above

ADDITIONAL SPECIFICATIONS BASIC DC UNIT 1100V DC or RMS (1500V peak AC) overload with no damage (any range).
Input capacitance < 100 pf.

Input offset current less than 50 pa on any range.

1-2 6/23/72
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(DC MILLIVOLTS] (USING MV OPTION 8300A-10 OR MV/OHMS OPTION 8300A-02)

RANGES . . . . . . . . e e +100 mv and £1000 mv. 20% overrange capability
(Up to 1100V overioad with no damage)

POLARITY ... . . . . i . . . Automatic, instantaneous selection and display.
RANGE SELECTION . ... ... ............ Manual and autorange standard (Remote optional)
RESOLUTION . ... ... ... . . ... ... 0.001% of range
(1uv on 100 mv range)
ACCURACY
Using millivolts zero control 1000MV RANGE 100MV RANGE

24 hrs, * 1°C +(0.005% of input + 0.001% of range) +(0.005% of input + 0.004% of range)
900days gnd 6 mos
20 C-30 C 1(0.01% of input + 0.002% of range) +0.01% of input + 0.005% of range)
1 year 20°C-30°C | *(0.015% of input + 0.002% of range) +(0.015% of input + 0.005% of range)

ZERO STABILITY (After 30 minute warmup) Better than 8 uv for 90 days. (Front panel millivolt zero control provided to compensate
for external thermal EMF's etc.

TEMPERATURE COEFFICIENT:

0°C 10 20°C, 30°C, 10 50°C . . . .. . 1000 mv range +(0.0007% of input + 0.0003% of range)c/)OC
100 mv range +(0.0007% of input + 0.0005% of range)/ C
INPUT RESISTANCE . . .. . . . oot i e i e e s 100 mv: 100 megohms min. 1000 mv: 1000 megohms min.
RESPONSE TIME: . . .. .. ... ... i (Including polarity change, to within 0.01% of step function change)
1000mviRange . . .........ouuiiiinuennenn. 1 second maximum.
100mvRange . . . .. .. ittt e 3 seconds maximum.
NOTE: Response time figures applicable for source resistance up to 50 K2
REJECTION DC INTERFERENCE FREQUENCY
50 Hz 60 Hz
Normal Mode - >55db > 60 db, 60 Hzand above
Common Mode
1 K2 unbalance in either lead >140 db, DC to 60 Hz
MAXIMUM INPUT VOLTAGE .. .. ............ 1100 VDC or RMS (1500V peak AC)overload with no damage (any range)

AC VOLTS| (USING AC OPTION 8300A-01)

RANGES:. . .. . .. e e 1V, 10V, 100V and 1000V s
20% overrange capability (1100V RMS maximum)
RANGE SELECTION ... ... ... ........... Manual and autorange standard (Remote Optional)
RESOLUTION. . . . ... ... . i i 0.001% of range (10 uv on 1V range)
ACCURACY:
20°C to 30°C INPUT VOLTAGE
FREQUENCY RANGE .001V — 500V 500 — 1100V
50 Hz - 20 kHz +(0.1% of input +0.005% of range)* +0.15% of input

+0.02% of range) 30 days
+0.03% of range) 90 days
+0.035% of range) 6 months

20 kHz - 50 kHz +(0.2% of input +0.005% of range)* ** 1+0.2% of input
+0.02% of range) 30 days **

+0.03% of range) 90 days
+0.035% of range) 6 months

30 - 50 Hz and 1(0.5% of input +0.005% of range)* ** +0.5% of input
50 kHz - 100 kHz +0.02% of range) 30 days **

+0.03% of range) 90 days
+0.035% of range) 6 months

“+0.005% of range’” accuracy can be obtained at any time during a six month period via front panel
AC zero. +0.005% accuracy is t¥pically maintained for 24 hours following zero adjustment. SODday,
90 day and 6 mos intervals start atter the last use of the AC zero.

** input Volt-Hertz product should not exceed 2 X 107.
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TEMPERATURE COEFFICIENT

0°C 10 20°C, 30°C1050°C . . . ..o 4(0.002% of input + 0.001% of range)/°C.
INPUT IMPEDANCE

(All Ranges)

RESPONSE TIME:
(To within 0.1% of step function change)

1 megohm shunted by < 100 pf.

........ 500 ms maximum.

MAXIMUM INPUT VOLTAGE. . . .. .. .. ........ 1100V RMS
(Up to +1100V superimposed DC is allowed if the peak voltage

does not exceed 1500V).

REJECTION:
Common Mode (DC to 60 Hz) . . ............ 10052 unbalance in either lead. > 120 db
Maximum Common Mode Voltage. . . . ... .. . ... 1000V DC or peak AC.
(USING MV/OHMS OPTION 8300A—02)
RANGES . . . . ... . ... 1K, 10K, 100KE2, 1000KS2, 10MS2, 20% overrange capability

all ranges.
.................... Manual and autorange 1 K2 through 1000K2 ranges. 10 MS2
range selected manually. (Remote selection optional all ranges).

....................... 0.001% of range
(10 milliohms on 1 K range)

RESOLUTION

ACCURACY:

1k — 1000K
+(0.01% of input + 0.002% of range)
+(0.01% of input + 0.004% of range)
+(0.015% of input + 0.005% of range)

10M
+(0.05% of input + 0.002% of range)
+(0.05% of input + 0.004% of range)
+(0.06% of input + 0.005% of range)

90 days, 20°C to 30°C
6 months, 20°C to 30°C
1 year, 20°C to 30°C

TEMPERATURE COEFFICIENT:

0°C 10 20°C,30°C1050°C . ... ... ... .. K Ranges
4(0.0007% of input + 0.0003% of range)/°C
10 M2 Range
+(0.003% of input +0.0003% of range)/°C
MEASUREMENT CURRENT:
(And Mode) Range (K{2) 1 10 100 1000 | 10 MQ
Current (ua) 1.1ma | 110 100 10 1
Mode 4 terminal 2 terminal

NOTE: Power dissipated in unknown resistor is only 1.2 milliwatts at 1 Kk§2
RESPONSE TIME:
(To within 0.01% of step function change)

14

MAXIMUM INPUT VOLTAGE

RANGE UNFILTERED FILTERED
1K 10K 1 sec.
100 K£21000 KS) 15 ms* 1.5 sec
10 M2 50 ms*

* Includes 25 ms digitizing time - No settling time required on 100K & 1000K
ranges for input applied coincident with read command.

l4—W|RE RATQ] (USING ISOLATED REFERENCE OPTION 8300A-05)

30V RMS opens protective fuse.

RANGES:
A

MODE RATIO RANGE (E) READING V INPUT (A) V REF. (B)
DC/DC 0+ 1.0 0 + 10.0000 0+ 10V

0+ 10 0 + 100.000 0+ 100V +2V to +10.5V

0 + 100 0 + 1000.00 0+ 1000V Standard
MV/DC 0+ 0.01 0 + 100.000 0+ 100 mv

0+ 0.1 0 + 1000.00 0+ 1000 mv

NOTE: DC External Reference may also be used for AC measurements.

20% overranging, autorange and autopolarity operation apply to V input for all modes above as applicable.
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ACCSOR(QS: : RATIO RANGE
20°C- 30°C 0+01,0+1,0% 10,0 + 100 +(0.01% of input + 0.002% X 10V/E e of range)

+(0.01% of input

0+ 0.01

+ 0.005% X 10V/Eyef of range) *

NOTE! 24 hr, 6 rnos & 1 year accuracy same as basic DC & MV specifications except
multiply ‘% of range’” by 10V/Eref,

EXTERNAL REFERENCE INPUT SPECIFICATIONS:

Input Impedance
Response Time

1 megohm.

> 30 db at 60 Hz.

ISOLATION:
(Input & reference commons)

AC/AC RATIO

AC/AC Ratio measurements may be made with the 8300A equipped with the following options: *

be +13V peak on 10V and MV Ranges.

* Using MV zero

To within 0.01% of step function change (2 seconds)

Difference between "V npyT +' and DC EXT. REF.”COMMON"’ may

8300A-01 AC CONVERTER
8300A-05 DC EXTERNAL REFERENCE
8300A-06 REAR INPUT
8300A-08 AC REFERENCE CONVERTER
RATIO RANGES: AC REF. RANGE (B) AC:AC RATIO RANGES (A:B) (A)  Ranges & range selection same as
1V (0.2 to 1.05V) 1:1 to 1000:1 AC Option 8300A-01
10V (2.0 to 10.5V) 0.1:1 to 100:1 (B)  Range selected manually using in-
100V (20 to 105V} 0.01:1 to 10:1 ternal switch.
ACCURACY OF RATIO
(Input and reference need not be at same frequency)
20°C to 30°C; 50 Hz - 20 kHz
Input (A) and Ref. (B) on same range +0.05% of input £0.005% (%_@g) of range.**
+0.05% of input +0.02% E\:/—Q—EAF’:{Q—E) of range —90 days
All other ratio and frequency ranges . +0.2% of input £0.005% (E% of range.**
+0.2% of input £0.04% (RE—T/-%:E—GE of range —90 days

Accuracy Specifications from 30 Hz to 50 Hz and from 20 kHz to 100 kHz equal 2 times those listed under 8300A-01 AC Converter

with ‘% of Range’’ specifications multiplied by (REF. RANGE
V REF.

TEMPERATURE COEFFICIENT OF RATIO:
0°C to 20°C, 30°C to 55°C
INPUT IMPEDANCE (All Ranges) 1 megohm shunted by 100 pf.

RESPONSE TIME: (To within 0.1% of specifications)

AC EXT. REF.

2 sec. max.

2 times that listed for the 8300A-01 AC Converter.

* The 8300A-02 MV/OHMS converter is not compatible with the AC-AC ratio configuration. This option may be substituted for
8300A-08 in the field to allow normal MV/OHMS measurements.
**Using front panel zero controls periodically (typically 8 to 24 hours after 30 minute warmup) 90 day specifications apply
if front panel zero is not used.

[ DATA OUTPUT UNIT| (USING OPTION 8300A—03)

OUTPUTS LINES LOGIC LEVELS
0 to +0.5V +5V
FUNCTION: DCV, MV, ACV, K2, M Filter, Ext. Ref. 7 Function inactive. Function called.
RANGE (Coded): 1=00 2 Logic O Logic 1
10 =01
100 =10
1000 = 11
POLARITY: 1 Negative Positive
6 DIGITS (Including “Overrange ““1") 21 Logic O Logic 1
Binary-Coded Decimal 8-4-2-1
DATA READY (Print) COMMAND 1 Data Ready Data
OVERLOAD FLAG 1 No Overload Overload
+5V REF & RETURN (TO POWER RCU) 2 R e

6/23/72
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| DATA OUTPUT UNIT| (USING OPTION 8300A—03)

LOGIC LEVELS
INPUTS LINES
0 to +0.5V (or short) +5V (or open)

EXT. TRIGGER (Read Command) 1 +5V pulse > 1 usec
SAMPLE DELAY (Internally programmed timeout delays sam- 1 No Delay Settling delay enabled
ple until the Analog functions specified settling time has elapsed.) (FAST) (NORMAL)
INHIBITS (Address Lines for Serial Acquisition) 10 Inhibit Normal

NOTE: 8 additional output lines and 4 input lines provided for code conversion of output data -- contact

factory. Output is series 930 DTL with 6K collector resisitors.

OUTPUT FORMAT

BLANKING .

POWER
ISOLATION .

REMOTE CONTROL

Complete parallel and addressable for parallel bit-serial character in
multiples of 4 bits.

All outputs are high during conversion and programmed time outs.
Outputs enabled at time “‘Data Ready’’ flag appears.

+5V DC available as output to power remote control unit if desired.
All CMRR specifications apply with DOU installed. 1000 VDC or
peak AC may be apblied between DOU common and input “'LC".

(USING REMOTE CONTROL OPTION 8300A-04)

INPUTS LINES LOGIC LEVELS
Function: DCV, MV, ACV, K2, MQ 7 0 to +0.5V (or contact closure) +5V (or open)
Filtered, External Reference Function Called Function inactive
Range: 1, 10, 100, 1000 uncoded 4 Range Called All lines open Autorange

Input is series 930 DTL.

INTERLOCKS Interlocks are provided to disallow multiple function or range calis
for incompatible combinations.

POWER +5V power available from Data Output Unit (May be externally
powered, 5V DC at 150 ma required.)

ISOLATION . All CMRR specifications apply with RCU installed. 1000 VDC or
peak AC may be applied between RCU common and input ““LO"".

DATA OUTPUT TIMING DIAGRAMS
<2 usec
READ COMMAND +5V ] -
(EXT. TRIGGER) _—.\\ TRIGGER OCCURS ON POSITIVE SLOPE
0+ >1 usec \

FAST (SETTLING DELAY INHIBITED)

A-D SAMPLE “WINDOW" 42—2 it BN 2me___ (21 msec max. conversion time)
o - -
& CONVERSION PERIOD 3ms Remainder Conversion
— —
SAMPLE “WINDOW" {24 msec max. from trigger to  Data Ready’’
DATA READY 5V >3 ms | +5V LEVEL INDICATES “DEVICE BUSY"
(PRINT COMMAND) o ms 18 ms | RETURN TO OV IS “DATA READY” (Print Command)
° !
DATA READY!
wsv ] + AT DATA READY:
1 sqer
DATA LINES ALL OUTPUT LINES HIGH (INHIBITED) g 17 LINES REMAIN HIGH
0 DURING SAMPLE & CONVERSION 1 0" LINES GO TO OV
MILLISECONDS (After Read Command) O 5 10 15 20 25

NORMAL (SETTLING DELAY ENABLED)

A-D SAMPLE “WINDOW"

DELAY TIME (T1) DETERMINED BY

FUNCTION CALLED & AUTORANGES S
& CONVERSION PERIOD (IF ANY) SAMPLENREMAINDER CONVERSIONN
{ f WINDO N
DATA READY v i
(PRINT COMMAND) 0
+5V { %
DATA LINES
04— —
T -

MILLISECONDS

] PLUS 5 10 15 20

1-6
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1-12. GENERAL SPECIFICATIONS

DISPLAY

DIGITIZING TIME .
SAMPLE RATE .

MAXIMUM INPUTS:
“HI" to 'LO"

8300A

Function/polarity display block plus six digit in-line neon readout.

25 ms maximum.

Front panel variable from 10 readings/sec to 1 reading/3 sec + “EXT"’
(External Control) position.
40 reading/sec under external control through the Data Output Unit.

See individual function specifications.

“LO" to “GUARD"" 100V
“GUARD’ to “"GROUND"' 1000V DC or peak AC.
TEMPERATURE RANGE . Operating  0°C to 50°C
Storage —400C to +75°C
HUMIDITY RANGE Operating

ALTITUDE

SHOCK & VIBRATION
POWER
WARMUP TIME .

< 80% relative humidity; 0°C to 25°C
< 70% relative humidity; 259C to 50°0C

Operating 10,000 Feet. (3.048 Km)
Non Operating 50,000 Feet (15.24 Km)

Meets requirements of MIL-T-21200G and MIL-E-16400F.
115/230V, £10%, 50-440 Hz line, 20 watts with all options.

30 minutes to meet all specifications.

WEIGHT . 15 Ibs basic  (6.81 Kg)
19 Ibs with all options (8.63 Kg)
SIZE 3.5 high by 17.5" wide by 15’* deep (see outline drawing.)

(88.9 mm H X 4445 mm W X 381 mm D)

L 7.963"
(201.6 mm)
7.138" MOUNTING: The 8300A has a tilt-up bail for bench use. Mounting
(181.3 mm) brackets for installation in a standard EIA relay rack
— 1'.1[:'_11—.'L and rack mounting slides are available as accessories.
’—‘ )
17.00"
! h | (431.8mm
' ' TOP
l l N o 8!
1 1
19.55" 347" | :’ | FRONT
(406 proe) (88 o ’. © CT0 l" |
WITH ‘“-RCU CONNECTOR: 1 ea. of Amphenol ==
03 & 04 No. R-57-40360 (36 pin). Right angle
o mating connector supplied with RCU,
PTIONS Amphenol) No. P-57-50360 (36 pin 19.00” (482.6mm)
connector). 15.00" with rack mounting brackets
DOU CONNECTORS: 2 ea. of Amphenol | (381mm)
No. R-57-40360. Right angle mating
with DOU,
No. P-57-50360 (36 pin connectors).
3 ' "k
3.47" H
(88.1 mm) . SIDE
U 1.75 =
17.00" ——(44.45 mm)
(431.8mm). » 038"
(9.7mm) Illustrated with DOU and RCU installed.

Figure 1-1. OUTLINE DRAWING
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static awareness

A Message From

John Fluke Mfg. Co., Inc.

Some semiconductors and custom IC’s can be
damaged by electrostatic discharge during
handling. This notice explains how you can
minimize the chances of destroying such devices

Knowing that there is a problem.

Learning the guidelines for handling them.
Using the procedures, and packaging and
bench techniques that are recommended.

WN =T

The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol

The following practices should be followed to minimize damage to S.S. devices.

f

3. DISCHARGE PERSONAL STATIC
BEFORE HANDLING DEVICES

1. MINIMIZE HANDLING

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY



[ =

5. USE ANTI-STATIC CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

7. AVOID PLASTIC, VINYL AND STYROFOAM
IN WORK AREA

\- Y

8. HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION

9. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

10. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

Anti-static bags, for storing S.S. devices or pcbs
with these devices on them, can be ordered from the
John Fluke Mfg. Co., Inc.. See section 5in any Fluke
technical manual for ordering instructions. Use the
following part numbers when ordering these special
bags.

John Fluke .
Part No. Bag Size
453522 6" x 8”
453530 8" x 12"
453548 16” x 24"

454025 12”7 x 15”
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Section 2

Operating Instructions

2-1. INTRODUCTION

2-2. This section contains operating instructions and
applications infromation for the Model 8300A Digital
Voltmeter. The instructions cover each of the options as
well as the basic digital voltmeter (DVM). Included in the
instructions is a detailed description of the instrument con-
trols, terminals, and indicators and an operational check
which verifies satisfactory operation of the basic DVM
using only front panel controls. If any problem is en-
countered in operating the instrument, contact the nearest
John Fluke sales representative or write directly to the
John Fluke Mfg. Co., Inc. Please include the instrument
serial number when writing.

2-3. INSTALLATION

2-4. The Model 8300A is supplied with non-marring
feet and tilt-down bail for bench or field use. Rack mount-
ing kits are available. Kit MEE-7001 provides rack ears and
hardware for mounting the DVM in a standard 19-inch
rack. Kit MEE-8078 provides 18” rack slides and kit
MEE-8079 provides 24 rack slides. Rack mounting pro-
cedures are shown in Figures 2-22 and 2-23.

2-5. Installation procedures for the various options of
the Model 8300A together with circuit descriptions and
maintenance procedures are contained in Section VI of the
manual.

6/23/72

2-6. OPTIONS AND ACCESSORIES

2-7. The following Model 8300A options and acces-
sories are available at additional cost. A detailed descrip-
tion of the options is given in Section V1 of the manual.
When ordering an option for field installation, add the
suffix “K” for example, 8300A-01K.

OPTION NO. NAME

8300A—-01 AC

8300A—02 MV/Ohms

8300A—-03 Data Output Unit

8300A—-04 * Remote Control Unit

8300A—-05 * External Reference (Ratio)

8300A—-06 Rear Input (in parallel with front)
8300A—-08 ** AC External Reference (for AC/AC Ratio)
8300A—-10 MV (factory installed only)

* —06 required with —04 (when —04 is ordered without
—03) and with —05
** Requires additional options — See Section Six of the manual

ACCESSORY NAME

8300A—701 *** Digital Option Enclosure
8300A—4013 Option Extender (MV/Ohms, AC)
8300A—4015 Buffer Extender

MEE—-7001 Rack Mounting Brackets

MEE—-8078 18" Rack Slides (24"’ slides available)

*#%  _701 required when —04 option ordered without
—03 Data Output Unit

2-8. INPUT POWER REQUIREMENTS

2-9. The instrument operates on 115 or 230 volt, 50 Hz
to 440 Hz ac power. Before applying power to the instru-

2-1
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ment, note the position of the 115/230 volt slide switch at
the rear of the instrument. If the switch does not indicate
the desired operating voltage, place the switch in the de-
sired position and ensure that the proper line fuse is in-
stalled: % ampere, slow-blow, for 115 volt operation
and 1/8 ampere, slow-blow, for 230 volt operation.

WARNING

The round pin on the polarized three-prong
plug connects the instrument case to power
system ground. If a three-to-two-wire adapter
is used, ensure that the instrument ground
wire is connected to a high quality earth ground.

2-10. OPERATING FEATURES

2-11.  The name and function of the front and rear panel
controls, terminals, and indicators are shown in Figure 2-1.

2-12. OPERATIONAL CHECK

2-13.  This test verifies satisfactory operation of the
DVM, using only front panel controls. It is intended as a
quick functional check only. In consideration of possible
wide variation in ambient temperature, the tolerances on

readouts have been extended accordingly.

SR

T Sk dauens
i s

Figure 2-1. CONTROLS, TERMINALS, AND INDICATORS (Sheet 1 of 4)

2-2
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REF. NoO.

NAME

FUNCTION

POWER Switch

Alternate action pushbutton switch controls input power to the instrument.
When depressed, instrument is ON; when released, instrument is OFF.

2,1

FUNCTION
Switches

Eight pushbutton switches select the desired operating mode. All switches
except FILTER and EXT REF are mechanically interlocked so that only
one function at a time can be called.

FILTER

Alternate action pushbutton switch controls the active, three-pole input
filter to provide desired noise rejection ratio.

vDC

Places instrument in dc voltage mode and provides full-scale voltage ranges
of 10, 100, and 1000 volts.

MvDC

Places instrument in dc millivolt mode and provides full-scale voltage
ranges of 100 and 1000 millivolts.

VAC

Places instrument in ac voltage mode and provides full-scale voltage ranges
of 1, 10, 100, and 1000 volts.

KQ

Places instrument in kilohm mode and provides full-scale resistance ranges
of 1, 10, 100 and 1000 kilohms.

10 MQ

Places instrument in 10 megohm mode, with range fixed at 10 megohms
full scale, independent of the four range switches.

REMOTE (Function)

Places instrument in remote mode, enabling the seven instrument functions
to be programmed or controlled remotely via the Remote Control Unit.

EXT REF

Alternate action pushbutton switch enables dc voltage ratio measurements
by selecting isolated external reference voltage to substitute for internal
reference voltage.

AC ZERO

AC ZERO control, adjusted for a readout of 000.00 with VAC FUNCTION
switch depressed and 1000 volt RANGE switch depressed.

INPUT Terminals

HI, LO input connections for dc voltage, ac voltage and resistance measure-
ments.

Q SENSE Terminals

For four-terminal resistance measurements on 1K and 10K range.

GUARD Terminal

Connects to internal guard chassis. When properly connected externally,
provides increased ac and dc common mode rejection, May be connected
directly to the LO terminal or disconnected from the LO terminal and
driven by a separate GUARD potential.

MV ZERO

Millivolt zero control, adjusted for a readout of 00.000 with MVDC
FUNCTION switch depressed and 100 millivolt RANGE switch depressed.

Figure 2-1.

CONTROLS, TERMINALS, AND INDICATORS (Sheet 2 of 4)
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REF. NO.

NAME

FUNCTION

REMOTE (Range)

Transfers all instrument range controls to remote location via Remote
Control Unit.

AUTO

Places instrument in autorange mode, providing automatic ranging for each
function and its range complement. The AUTO range switch is mechanically
interlocked with the four RANGE switches so that only one range function
at a time can be called. Calling a range not available for the called function
places the instrument in autorange.

10

RANGE Switches

Four pushbutton switches select the full-scale input range for voltage and
resistance measurements. The range complement for each function is as
follows:

FULL SCALE
FUNCTION RANGES AVAILABLE

vDC 10, 100, and 1000 vdc
MVDC 100, and 1000 mvdc
VAC 1, 10, 100 and 1000 vac
K2 1k, 10k, 100k and 1000k
10 MQ Fixed at 10 M2

12

SAMPLE RATE
Control

Permits variation of sample rate from ten readings per second to one read-
ing every three seconds. In EXT position (fully ccw), the internal sample
rate oscillator is disabled and the instrument is commanded to sample only
through the external trigger circuit in the Data Output Unit. If the Data
Output Unit is not installed and the control is turned to the EXT position,
the instrument will readout and display from the storage section indef-
initely; the readout will correspond to the value of the last measurement.

13

Readout Tubes

Six neon indicator tubes display the instrument readout from left to right,
with the overrange digit displayed in the left-most tube. All of the tubes
(except the overrange indicator and the extreme right-hand tube) display a
decimal point, which is controlled by the range switch. For example, an
overload readout on each range would appear as follows:

RANGE READOUT

Pere 1.19999
10 11.9999
100 119.999
1000 1199.99

14

Function/Status
Indicators

Nine indicators, illuminate to indicate function and status as follows:
(The indicators corresponding to the options will not light unless the option
is installed.)

OVER

Overload input applied to instrument (over the 20% overrange capability).

FILT

Active, three-pole input filter providing maximum noise rejection.

24

Figure 2-1.

CONTROLS, TERMINALS, AND INDICATORS (Sheet 3 of 4)
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REF. NO. NAME FUNCTION
14 EXT REF Instrument operating in external reference mode.
AC Instrument operating in ac voltage mode.
KQ Instrument operating in kilohm mode.
M instrument operating in 10 megohm mode.
MV Instrument operating in dc millivolts mode.
DC + DC voltage applied to instrument, with HI input terminal positive with
respect to LO input terminal. Also illuminates when MVDC is called.
DC—- DC voltage applied to instrument, with HI input terminal negative with
respect to LO input terminal. Also illuminates when MVDC is called.
15 Rear Terminals Rear panel connections for all measurements and for EXT REF input.
(Option -06 and -07)
16 115/230 Volt Switch Slide switch selects either 115 or 230 volt, 50 Hz to 440 Hz operation.
17 Line Fuse AGC % ampere fuse protects instrument from overloads.
18 AC Line Connector Mates with three-wire line cord for connection to 115/230 volt, 50 Hz to
115/230 volt, 50 Hz to 440 Hz ac line.
19 Data Output Unit Connections for all DOU input/output signals: connector A’ and “'B"’.
Connectors Option-03 (connector A’ is nearest the side of the instrument).
20 Remote Control Unit Connections for remote control of DVM
Connector Option-04
Figure 2-1. CONTROLS, TERMINALS, AND INDICATORS (Sheet 4 of 4)
a. Connect the Model 8300A to a source of 50 Hz Resistance Measurement
to 440 Hz ac power and press the POWER-ON Data Output
switch. Remote Control
External Reference (Ratio)
b. Set the controls and connect the INPUT termin-

als as shown in Figure 2-2. The readout should
be as indicated.

2-14. DVM OPERATION AND APPLICATIONS

2-15.  The following paragraphs describe the basic meas-
urement and operating procedures associated with each of
the DVM functions:

DC Voltage Measurement

AC Voltage Measurement

2-16. The measurement instructions are summarized
briefly in Figure 2-3.

2-17. DC Voltage Measurement

2-18.  The basic DVM provides dc voltage measurement
capability in three full-scale ranges of 10, 100, and 1000
volts, with automatic or manual ranging, autopolarity, a
fully buffered three-pole (plus notch) active filter, and fully
guarded input. The filter and automatic or manual range

2-6
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INPUT ‘
FUNCTION RANGE TERMINALS READOUT
vDC 10 Open
DVM measures changing voltage on input stray
capacitance as it is being charged by the small
input bias current.
VDC 100 Open 00.000 +5 digits
VvDC 1000 Open 000.00 +5 digits
DVM measures changing voltage on input stray
MVDC 100 Open capacitance as it is being charged by the small
input bias current.
+30 ..
VAC 1000 Shorted 000.00 -0 digits
VAC 1 Shorted .00000 +20 digits of above.
VAC AUTO Shorted Same as above.
K2 AUTO Open 1199.99 OVERIoad indicator lights.
+5 ..
KQ AUTO Shorted 00000 _ digits
10 MQ Open 11.9999. OVERIoad indicator lights.
+5 . .
10 MQ Shorted 0.0000 _ digits
NOTE: In VAC function, shorted input, the digits evident in the readout are a result of residual noise in the instrument. This noise signal will
lcause an insignificant error as long as ac input signals of 1 millivolt or larger are present at the input. Although the instrument is usable bslow 1
millivolt, the noise may cause significant errors.

Figure 2-2. MODEL 8300A OPERATIONAL CHECK.

functions are selected at the front panel or by remote pro- b. Select dc voltage mode by pressing either the
gramming. Addition of the Millivolt/Ohms converter op- VDC function switch or, if the Millivolt/Ohms
tion or MV converter option extends the dc voltage capa- converter or Millivolt Converter is installed, the
bility to include the 100 millivolt and 1000 millivolt full- the MVDC function switch.

scale ranges. The following steps describe the basic dc

voltage measurement procedure: c. Select the desired range by pressing the corres-

ponding range switch or, if autoranging is desired,
press the AUTO RANGE switch. In autorange,

a. Place the Model 8300A in operation by connect- the instrument will automatically accomodate any
ing it to an appropriate ac power source and voltage within the range of the selected function.
operating the front panel POWER switch. In MVDC function, the instrument will autorange

2-6 6/23/72
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INPUT
CONNECTIONS

REMARKS

Front panel HI, LO
terminals or rear in-
put terminals, when
equipped with Rear
Terminal Option.

Autoranges automati-
cally if range is not
manually selected.
Does not autorange
between VDC and
MVDC.

2 SENSE terminals
may be used on 1k
and 10k ranges for
remote sensing, i.e.,
four-terminal ohms
measurements.

MODEL 8300A
MEASUREMENT FUNCTION RANGE
+DC Voltage vDC 10v, 100v,
1000v, AUTO
MVDC 100 mv,
1000 mv,
AUTO
AC Voltage VAC 1v, 10v, 100v,
1000v, AUTO
Kilohms, K2 1k, 10k, 100k
0 to 1000k 1000k, AUTO
Megohms, 10 MQ Fixed
DC/DC Ratio X10 EXT. REF. 0+10
vDC 0 £ 100
0 + 1000
MV/DC Ratio X10 EXT. REF. 0 £ 100
MVDC 0 + 1000
AC/DC Ratio X10 EXT. REF. O0to 1.0
VAC Oto 10
0to 100
0 to 1000

External reference
voltage applied to
rear input terminals
(Figure 2-10)

Input voltage applied
to front panel HI, LO
terminals or rear input
terminals, when
equipped with Rear
Terminal Option.

External reference
input +2 volts to
+10.5 volts into

1 MQ.

Figure 2-3. CONDENSED MEASUREMENT INSTRUCTIONS.

between the 100 and 1000 millivolt ranges; and in
VDC function, the instrument will autorange be-
tween the 10, 100, and 1000 volt ranges.

Select increased noise rejection by operating the
FILTER switch (see filter specifications in Sec-
tion 1).

Connect the GUARD terminal to the LO input
terminal or, if desired, disconnect the GUARD ter-

minal from the LO terminal and drive the GUARD
by applying a separate GUARD potential.

Connect the voltage to be measured to the HI, LO
INPUT terminals. The readout will correspond to
the input voltage with the decimal point positioned
according to the range. The polarity indicator will
register DC+ if the HI terminal is positive with re-
spect to the LO terminal and DC— if the HI ter-
minal is negative with respect to the LO terminal.

2-7
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g. Adjust the SAMPLE RATE control for the desired
sample rate.

2-19. AC Voltage Measurement

2-20.  The DVM provides ac voltage measurement capa-
bility in four full-scale ranges of 1, 10, 100, and 1000 volts,
when the AC Converter is installed. The basic frequency
coverage is 50 Hz to 20 kHz, with the range extended to
30 Hz and 100 kHz at reduced accuracy. Selection of
manual ranging or autoranging is made at the front panel.
The following steps describe the basic ac voltage measure-
ment procedure:

a. Select the ac voltage mode by pressing the VAC
function switch.

b. Select the desired range by pressing the corres-
ponding RANGE switch or if autoranging is de-
sired, press the AUTO switch. In autorange, the
instrument will automatically accomodate any
voltage within the range of the selected function.

c. Connect the GUARD terminal to the LO input
terminal or, if desired, disconnect the GUARD
terminal from the LO terminal and drive the
GUARD by applying a separate GUARD poten-
tial.

d. Connect the voltage to be measured to the HI,
LO INPUT terminals. The readout will corres-
pond to the input voltage, with the -decimal point
positioned according to the range.

2-21. Resistance Measurement

2-22. The DVM provides resistance measurement capa-
bility in five full-scale ranges of 1, 10, 100, and 1000 kil-
ohms and 10 megohms, when the Millivolt/Ohms Converter
is installed. Selection of manual ranging or autoranging is
made at the front panel. The following steps describe the
basic resistance measurement procedure:

a. Select the ohms mode by pressing either the KQ
function switch or the 10 MQ function switch.

b. If KQ function is called, select the desired range
by pressing the corresponding RANGE switch or,
if autoranging is desired, press the AUTO switch.
In autorange, the instrument will accommodate
any resistance within the range of the selected
function.

c. If 10 MQ function is called, the range will be fixed
at 10 MQ full scale, independent of the range
switch positions.

d. Select increased noise rejection by operating the
FILTER switch (see filter specifications in Sec-
tion 1).

e. Connect the GUARD terminal to the LO input

terminal or, if desired, disconnect the GUARD
terminal from the LO terminal at the front panel,
but drive the GUARD by applying a separate
GUARD potential (see paragraph 2-46, Guarded
Measurements).

MODEL 8300A

HIINPUT
HI SENSE
MEASURE-
LO INPUT
MENT
CIRCUITRY LO SENSE

| earTH

GUARD NOT NO BUSSING OR
CONNECTED SHORTING LINKS
TO CHASSIS ARE USED AT DVM
AT ANY POINT INPUT TERMINALS

GUARDED SHELL WITH CABLE-END
CASE TERMINATIONS (IF POSSIBLE)

GUARD \
- - SHELL AND
COAX CONNECTED
ONLY TO GUARD
TERMINAL

THREE TERMINAL
RESISTOR BOX

o

Rx

(Any value)

COAXIALLY
SHIELDED
4-WIRE CABLE

f

SHELL OR CASE
OF RESISTOR BOX
IS AN EXTENSION OF

GUARD MUST BE
CONNECTED TO
RESISTOR BOX

“LO"” AT THIS END GUARD SHELD WHEN
OF CABLE CONNECTIONS ARE
AS SHOWN

Figure 2-4. PROPER GUARD CONNECTIONS FOR FOUR-TERMINAL RESISTANCE MEASUREMENT SYSTEM

2-8
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FUNCTION 1 10 100 1000 BUFFER EXTERNAL
RANGE RANGE RANGE RANGE FILTER REFERENCE
e — — — ——————
vDC Auto Range OBEY OBEY OBEY OBEY OBEY
MvDC Auto Range Auto Range | OBEY OBEY IGNORE OBEY
VAC OBEY OBEY OBEY OBEY IGNORE OBEY
KQ OBEY OBEY OBEY OBEY OBEY * IGNORE
MQ Remain on OBEY Remain on Remain on OBEY IGNORE
10 Range 10 Range 10 Range
NOTE: Unit Autoranges in absence of Range Command. * A filter is automatically in use on 1K & 10K ranges
whether called or not.

Figure 2-5.

f. Connect the resistance to be measured to the HI,
LO INPUT terminals.

g. If it is suspected that the resistance of the con-
necting leads will be excessive, due to lead length
for example, an increase in accuracy will be ob-
tained by utilizing the 4-terminal ohms capability
of the DVM. The increase in accuracy will depend
on the ratio of the lead resistance to the unknown
resistance. For low values of unknown resistance,
the 4-terminal connection affords a significant
increase in accuracy. When properly connected,
the connections should be as shown in Figure 2-4.

NOTE!

When 4-terminal resistance measurements are
not made, the 2 SENSE terminals must be con-
nected to the input terminals as shown in
Figure 2-21A4 to ensure proper instrument op-
eration on the 1K and 10K ranges.

h. The instrument readout will correspond to the
input resistance, with the decimal point positioned
according to range.

2-23. Remote Control Unit.

2-24.  DESCRIPTION. The Remote Control Unit (RCU)
enables the DVM to be programmed or controlled re-
motely. The RCU is designed to interface directly with
series 930 DTL for logic level control. Control by discrete
transistors or contact switches is also possible. The switch-
ing device need only be capable of sinking 1.5 milliamps
closed and withstanding 5 volts open. Power may be
obtained from the Data Output Unit (DOU) or from an
independent 5 volt, 150 milliamp supply. The RCU pro-
vides the capability of controlling all functions and ranges,
with logical interlocking provided to make it impossible

LOGIC INTERLOCKING FOR REMOTE CONTROL OPERATION

‘to call two or more incompatible functions simultaneously.

The first call received by the RCU dominates and succeed-
ing erroneous calls are ignored until the first call is released.
Acceptable simultaneous combinations are shown in Figure
2-5.

2-25.  Functions are called by switch closure or by appli-
cation of DTL/TTL logic zeros. RCU connector location
and pin assignments are shown in Figure 2-6. A mating
right-angle connector (Amphenol P57-50360) is supplied
with the RCU. A mating straight-out connector (Amphenol
P-57-30360) is not supplied; if used, it will add approxi-
mately 3 inches to the overall Model 8300A depth with the
RCU installed. The RCU common will be at the potential
of the DOU common when powered from the DOU. When
the RCU is independently powered, its common may be
+1000 volts dc or peak ac from analog input common and
or DOU common with the restriction that the algebraic sum
of all common mode voltages may not exceed +1000 volts
dc or peak ac. The capacitive coupling from the RCU to
the Model 8300A guarded analog circuitry is less than 1.0
pf. Its insulation resistance is in excess of 10'° ohms.

2-26.  OPERATION To place the DVM in remote opera-
tion, proceed as follows:

a. Press the REMOTE function switch to transfer
control of the seven instrument functions to the
remote control point.

b. Press the REMOTE range switch to transfer con-
trol of the instrument range to the remote control

point.
NOTE!

DVM autoranges in absence of range command.

c. If it is desired to disable internal control of DVM
sample rate, turn the SAMPLE RATE control to
its extreme ccw position (EXT).

29
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00O O

OO0 O ]

O O uBn C j ( ) IIAII

(D)
RCU CONNECTOR
REMOTE CONTROL UNIT (RCU)
CONNECTOR PIN ASSIGNMENTS
Pin No. Function Pin No. Function Pin No. Function Pin No. Function

1 SPARE 10 External Ref 19 SPARE 28 SPARE
2 “ 11 Meg Ohm 20 " 29 ”
3 " 12 1 Range 21 " 30 "
4 " 13 MV DC 22 " 31 "
5 " 14 KQ 23 " 32 "
6 " 15 VAC 24 " 33 "
7 1000 Range 16 vDC 25 " 34 "
8 10 Range 17 Filter 26 " 35 "
9 100 Range 18 +5 VDC Power 27 " 36 COMMON

Figure 2-6. CONNECTOR LOCATION AND PIN ASSIGNMENTS FOR REMOTE CONTROL UNIT

LOGIC LEVELS
OUTPUTS LINES 0 to +0.5V +5V
Function: DCV, MV, ACV, KQ, MQ 7 Function inactive Function called
Filter, External Reference
c|d
Range (Coded): = (0|0 2 Logic O Logic 1
10= |01
100= |10
1000= | 1|1
Polarity: 1 Negative Positive
6 Digits (Including ““Overrange “1") 21 Logic 0 Logic 1
Binary-coded Decimal 8-4-2-1
Data Ready (Print) Command 1 Data Ready Data Blanked
Overload Flag 1 No Overload Overioad
+5V REF & Common 2 - —= -——

Figure 2-7. DATA OUTPUT UNIT TRUTH TABLES AND LOGIC LEVELS. (Sheet 1 of 2)
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INPUTS

LINES

0 to +0.5V

{or contact closure) +5V (or open)

Ext. Trigger (Read Command)

+5V Pulse >1u sec.

contact factory.

Sample Time (Programmed Time Out) 1 Fast Normal

Inhibits (Address Lines for 10 Inhibit Normal
Serial Acquisition)

NOTE: 8 Additional output lines and 4 input lines provided for code conversions of output Data - -

Output is series 930 DTL with 6 K£2 collector resistors.

Figure 2-7.

d. Command a function or range via a contact clo-
sure or a zero volt logic load between the appro-
priate pin and common, as shown in Figure 2-9.
Do not command a range to autorange.

e. For example, to program 10k ohm (filtered) com-
mand pins 14,8 and 17 via contact closures or OV
logic levels to pin 36 of the connector.

Installation, theory of operation, and mainten-
ance instructions for the RCU are covered in Section VI of
the manual.

DATA OUTPUT UNIT TRUTH TABLES AND LOGIC LEVELS. (Sheet 2 of 2)

2-27. Data Output Unit

2-28.  DESCRIPTION. The Data Output Unit (DOU)
enables the DVM to interface with a computer, printer, or
a variety of data recording systems. DOU access is by
means of two 36-pin connectors located at the rear of the
unit. The DOU common may be +1000 volts dc or peak
ac from the analog input common. The capacitive coup-
ling from the DOU to guarded analog circuitry is less than
1.0 pf. Its insulation resistance is in excess of 10'® ohms.
The DOU is self powered. DOU truth tables and logic
levels are given in Figure 2-7. DOU connector locations

MODEL 8300A

O

O OO
O OO0
OO

DOU CONNECTORS

uBn “A”

Figure 2-8. DATA OUTPUT UNIT CONNECTOR LOCATIONS
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BLOCK
NUMBER
—— N ——

12

14

17

CONNECTOR CONNECTOR SHORTING LINKS
& PIN NO. BLOCK & PIN NO. (USE FOR 8421 CODE)
—— N —— —— N ———— —— N
8421 a p—————————» A2
Digits b [ CODE
——»
Out c A3 CONVERSION
— --
d NETWORK
TO 4221,
Coded d —---o--<< AZ3 =A==~ - 4421, ETC.
Digits c pb——< A
In b b— < A2
a < A22
st 12 ———m—--u—p A6
Decade LT - |
Code T | e A5
Conv. da b Bl
83 INHIBIT O g > B2
wqee
st 12 p———m———m—--——mw Al
833 INHIBIT Decade ®» — i29 BIT WEIGHT a=8 [c=2
> 10* (MSD) T b Al7
1d B10 8-4-2-1 CODE b=4 |d=1
2nd 22 b—————» A9
INHIBIT Decade P e - |
alg >— 1¢® 2% b0 & A3
d pb——— —— » BI13 5 DECADE +
3rd Y T—— S\, 7. | OVERRANGE “1"
B17 : INHIBIT Decade 3b ’—-—_—_—D B26
102 3 ———————» A3 READOUT
d pb——---————» B7
4th 4 b A27
INHIBIT Decade 44 —» B27
B16 >———— 4 p——ovoo-o— A2
44—+ B6
5th % b———————mm—————» A7
S INHIBIT Decade :cb ————— ‘B\?g
B15 10° (LSD) EEE—
d b B9
INHIBIT | Range c > A26
A5 > — d o A3
A15 : INHIBIT POLARITY b Al4 RANGE
POLARITY
FUNCTION
Function oevV b— —-u———»p B8
A33 >——-MT—— Group Ex. Ref. l————— A18 READOUT
One Filt. P————————— & A8
Function ACV }—m——— A36
INHIBIT Group MV b  _» B4
825 D>———— Two KQ +  _ » B12
Mme —  __» B4
29 B32
READY DATA READY
(PRINT COMMAND)
& OVERLOAD FLAG
OVERLOAD b—r------o———» B35
SAMPLE
D
TIME B18
REMOTE
TRIGGERING
EXT. TRIG. < B34
+8\.
+ ¢ 836
COMMON
— = & B30

2-12

Figure 2-9. DATA OUTPUT UNIT FUNCTIONAL PIN CONNECTION DIAGRAM
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are shown in Figure 2-8. Mating right-angle connections
(Amphenol P-57-50360) are supplied with the DOU. Mat-
ing straight-out connectors, (Amphenol P-57-30360) are not
supplied; if used, they will add approximately 3 inches to
the overall Model 8300A depth with the DOU installed.

2-29.  The DOU may be addressed to provide data out-
put completely in parallel or in a series character, parallel
bit format. The DOU functional pin connection diagram is
given in Figure 2-9. The input/output signals are grouped
by functional block in one column. Each input and output
pin is assigned a letter and numeral. The letter designates
which DOU connector (Figure 2-8) is to be used, and the
numeral identifies the number of the pin on that connector
on which the listed data appears.

2-30.  Blocks 1 through 3 are used for conversion from
the 1-2-4-8 BCD used in the Model 8300A to some other
code such as 4-2-2-1. Detailed information is available
from the factory pertaining to code conversion. If 8-4-2-1
code is desired, connect jumpers between blocks 1 and 2
on connector “A” and disregard block 3. Blocks 4 through
13 contain all data available from the Model 8300A. In-
hibit lines associated with these blocks may be used for
serial character, parallel bit data acquisition and/or multi-
plexing two or more instruments together or similar opera-
tion. Blocks 14 and 15 are flags. Block 14 may be used as
a print command or ready-to-read indicator and block 15
as a priority interrupt. Block 15 output will be momen-
tarily in the overload state during the Model 8300A auto-
matic upranging process or whenever the input is too high
for the range in use. Block 16 provides an internally pro-
grammed time-out in the normal-sample state to allow for
settling time of the DVM analog circuitry. It should be
used in the normal-sample mode when scanning inputs. It
should be used in the fast sample mode when numerous,
closely spaced samples of a stable analog input are taken.
Block 17 provides the input for externally triggering the
Model 8300A. The maximum external sample rate is 40
samples per second when block 16 is in the fast-sample
mode. Block 18 provides power for the RCU and/or
reference levels for printers.

2-31.  The response of the Model 8300A data output
system to a data request is a function-dependent series of
delays. In each case, the delay series is automatically
sequenced to provide data within specified accuracy in the
minimum possible time. Figure 2-10 lists the individual
delays, Figure 2-11, gives composite totals, and Figure
2-12 gives an index of possible combinations. This data
includes worst-case tolerance throughout. Also included in
the tolerances are delay uncertainties generated by non-
synchronous sampling. i

8300A
A. Programmed One Shot Delay Times
VDC W/O Filter 8mstims
VDC W Filter 500 ms £25 ms
VAC 500 ms £25 ms
K or MQ2 1500 ms +£50 ms
MvVDC 3000 +£200 ms
B. Autorange Delays
VDC W/O Filter " 10 ms+2 ms
All Other 230 ms £40 ms
C. Response Uncertainty: 1.5+1.5ms
D. Digitizing Period: 13.5 10.27 ms
E. DOU Autorange Detection 5 10.3 ms
F. Instrument Zeroing 310.06 ms

Figure 2-10. TABLE OF INDIVIDUAL DELAYS

2-32. OPERATION

2-33.  Completely Parallel Acquisition

NOTE!

Leave inhibit lines of blocks 4 through 13 open.

a. Blocks 1 through 3: Determine the code to be
used and wire accordingly.

b. Blocks 4 through 13: Acquire full decades of
digits from blocks 4 through 9. The data on
blocks 10 through 13 may be acquired as desired
for coded function, polarity, and range informa-
tion. For example, “Polarity”, “DC” and “MV”
may be taken from blocks 11, 12 and 13 and
applied to one column of a printer weighted as
follows: Positive Polarity = 1, DCV = 2, and
MV = 8. All operationally possible combinations
of this grouping would be as follows:

NOT DCV pcv MV

OR MV — T+ 1 —-T:

POSPOL (1) 0 o | 1] 0] 1
DCV (2 0 1 1] o] o
NOT USED (4) 0 o lo|o]o
MV @8) 0 o [ o[ 1 1

2-13
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Programmed One-Shot Assumed Inhibited.

TOTAL
CONDITIONS DELAYS MILLISECONDS
VDC W/O Filter C+D+E+F 23 +2.1
Auto Range once B+2C+D+E+2.5F 39 £5.7
Auto Range twice 2B+3C+D+E+4F 55 + 9.3
All Other Functions C+D+E+F = W 23 + 2.1
I
Auto Range once B+2C+D+E+2.6F = X 259 +43.7
Auto Range twice 2B+3C+D+E+4F = Y 495 + 85.3
Auto Range 3 times 3B+4C+D+E+5.5F = Z 731 £127.9
Programmed One-Shot Assumed Operative
Steady-State Signal Applied to DVM Input
VDC W/O Filter A+C+D+E+F 31 £3.1
Auto Range once A+B+2C+D+E+2.5F 47 + 6.7
Auto Range twice A+2B+3C+D+E+4F 63 +£10.3
VDC With Filter or VAC A+2W 546 + 29.2
Auto Range once A+W+ X 782 +70.8
Auto Range twice A+W+Y 1018 £ 1124
Auto Range 3 times A+W+2 1254 + 155
KQ + MQ A+2W 1546 + 54.2
Auto Range once A+W+X 1782 + 95.8
Auto Range twice A+W+Y 2018 + 137.4
Auto Range 3 times A+W+2Z 2254 + 188
MVDC A+2W 3046 + 204.2
Auto Range once A+W+X 3282 + 245.8
Programmed One-Shot Assumed Operative
DVM Input Applied in Step Fashion Simultaneous with Command-to-Sample
VDC W/O Filter (Same as item 3, this figure)
VDC With Filter or VAC
I
Auto Range once 2(A+W) + X 1305 +97.9
Auto Range twice 2(A+W) + Y 1541 +139.56
Auto Range 3 times 2(A+W) + 2 1777 +£182.1

2-14

Figure 2-11. DELAY COMPOSITES

(SAMPLE TIME-TO-DATA READY) (Sheet 1 of 2)
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TOTAL

CONDITIONS DELAYS MILLISECONDS
9. K&

Auto Range once 2(A+W) + X 3305 + 147.9

Auto Range twice 2A+W) + Y 3541 + 189.5

Auto Range 3 times 2(A+W) + Z 3777 +232.1
10. MVDC

Auto Range once 2A+W) + X 6305 +447.9

LEGEND: Alphabetical combinations in “DELAYS" column refer to correspondingly lettered items
in Figure 2-10.

W, X, Y, and Z designations represent combinations of delays (See item 2., this Figure).

Figure 2-11. DELAY COMPOSITES (SAMPLE TIME-TO-DATA READY) (Sheet 2 of 2)

ARC VDC MVDC VAC KQ MQ
0 T 1 2 2 2 2
1 1 2 2 2 - Not Filtered
2 1 - 2 2 - Fast Sample
3 - - 2 2 -
0 2 2 2 2 2
1 2 2 2 2 - Filtered
2 2 — 2 2 - Fast Sample
3 - - 2 2 —
0 3 6 4 5 5
1 3 6,10 4,8 5,9 - Not Filtered
2 3 — 4,8 5,9 — Normal Sample
3 — - 4,8 5,9 -
0 4 6 4 5 5
1 4,8 6,10 4,8 5,9 — Filtered
2 4,8 — 4,8 5,9 - Normal Sample
3 — - 4,8 5,9 -
LEGEND: 1. Leftmost column (ARC) indicates number of automatic range changes.

2. Numbers in table refer to item numbers in Figure 2-11.

Figure 2-12.

DELAY TIME INDEX

2-15
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1VOLT 10 VOLT 100 VOLT 1000 VOLT
ON OVER- IN OVER- IN OVER- IN OVER-
RANGE RANGE RANGE RANGE RANGE RANGE RANGE RANGE
OVERRANGE (1) 0 1 0 1 0 1 (o} 1
RANGE “d” (2) 0 0 1 1 0 0 1 1
RANGE “c” (4) 0 0 0 0 1 1 1 1
(All possible operational combinations are included in this truth table.)

2-16

The foregoing truth table provides a printer col-
umn whose decimal numeral data would be inter-
preted as follows:

DECIMAL

NUMERAL INTERPRETATION

0 Data not from a dc measurement
20r3 DC voltage measurement

8or9 Millivolts measurement

0Odd Positive polarity

Even Negative polarity

“Range” and “overrange 1” data from blocks 9
and 4 could be combined for printout in a single
column by assigning the following weights and
using the truth table shown above.

Overrange “1” = 1
Range “d” =2
Range “c” =4

The printer column’s decimal numerals for range
and overrange data would be interpreted as fol-
lows:

DECIMAL

NUMERAL INTERPRETATION

Odd Overrange “1” to precede decade
numerals

Oorl 1 volt range

2o0r3 10 volt range

4or5 100 volt range

6or7 1000 volt range

The remaining data could be presented in two
additional columns, weighted as desired.

2-34.

The completed interface could then be displayed
in nine printer columns as follows:

COLUMN ENCODED INFORMATION
1 External reference and/or filter.
2 ACV, K2 or ME2 range.
3 Polarity, DCV or MV.
4 Range and overrange.
5,9 Decade readout numerals.

Blocks 14 through 18: Use as outlined in para-
graph 2-30.

Serial Character, Parallel Bit Acquisition

Blocks 1 through 3: Determine the code to be
used and wire accordingly.

Blocks 4 through 13: Refer to pin connections in
Figure 2-9 and connect blocks in parallel as shown
in Figure 2-13. The user supplied clock controls
the inhibit lines to determine the sequence of
character acquisition. The clock can be a diode
isolated ring counter at the Model 8300A or each
inhibit line may be brought out for remote con-
trol. Only one inhibit line can be high at a time.
Valid data is transferred from the block whose
inhibit line is high. Figure 2-13 presents the ac-
quisition, format and truth tables for serial char-
acter, parallel bit acquisition using 8-4-2-1 code
and the illustrated interconnections.

Blocks 14 through 18: Use as needed, referring to
paragraph 2-30 for application information and
to Figure 2-7 for truth tables.
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EXAMPLE OF WIRING DIAGRAM ACQUISITION FORMAT
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BLOCK o
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Figure 2-13. ACQUISITION, FORMAT AND TRUTH TABLES
FOR SERIAL CHARACTER, PARALLEL BIT ACQUISITION USING 8-4-2-1 BCD.
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BLOCKS 4-13 “INHIBIT"” . | | | l | l | | | | | | | | | | | | I \

READY

MODEL 8300A

(TYNOI1dO)
JNIL 3TdAVS
THIODIHLTIXI,,

NOWWOQD

+AVOTH3IA0.,

e 1ndLno

<
o
<
<@
<
P
<
-
P
-

10 SEGMENT RING

JONVAQY

Figure 2-14. MINIMUM LINES ACQUISITION

2-35.  Minimum Lines Acquisition.

a. Place a customer fabricated ten-segment ring coun-
ter near the Model 8300A and interface with lines
as shown in Figure 2-14.

b. Trigger the Model 8300A. (The sample-time line
may be programmed via interface or may be hard
wired.)

c. When data is ready, the Model 8300A ready tran-

sition will start the ring counter. A synchronizing
pulse, sent from the ring counters advance line,
will allow the acquisition device to recognize the
character being acquired on the four output lines.

d. The overload line can serve as an alarm or priority
interrupt.

2-36.  Further information regarding code conversion and
acquisition is available from the factory.

2-37. External Reference

2-38. DESCRIPTION. The External Reference option
enables the user to substitute an external voltage for the in-
ternal DVM reference voltage. The principal use of the
instrument when operated in this manner is for four-wire
voltage ratio measurements: +dc to dc, +millivolts to dc,
and ac to dc. The external reference voltage should be ap-
plied to the rear terminals as shown in Figure 2-15. Figure
2-16 shows the ranges available and the input voltage re-
quirements for the External Reference. A second impor-

2-18

tant use of the External Reference is to allow substitution
of a system voltage for the Model 8300A reference. By this
means, variables in systems measurements may be reduced.

2-39. MEASUREMENT ACCURACIES FOR RATIO-
METER OPERATION. The temperature coefficient specifi-
cations for each signal input function (see Section I) are
fully applicable to ratio reading accuracies. These specifi-
cations include factors for internal reference resistor match-
ing and amplifier zero shift so that no degradation of per-
formance will occur.

240. FLOATING 4-WIRE RATIO MEASUREMENTS.
The algebraic sum of the DVM input voltage and the com-
mon difference voltage may not exceed 13 volts dc or peak
ac, as shown in Figure 2-17.

2-41. OPERATION. The following steps describe the
basic operating procedure for ratio measurements using the
External Reference:

a. Connect the external reference voltage to the rear
input terminals.

b. Select the Model 8300A range according to the
ratio range and corresponding readout (See Figure
2-16).

c. Press the EXT REF switch on the front panel.

d. Press the VDC or MVDC function switch if de-to-

dc voltage ratios are to be measured or the VAC
function switch if ac-to-dc voltage ratios are to be
measured.
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MODEL 8300A
EXT. REF. INPUT /
HIGH O O O
Lo 00
GUARD
t OO [I D O ,

Figure 2-15. EXTERNAL REFERENCE INPUT TERMINALS

242. Installation, theory of operation, and maintenance
instructions for the External Reference are covered in
Section VI of the manual.

2-43. OPERATING NOTES
2-44. Overload Protection

2-45. The Model 8300A is protected against overload in
each function and on all ranges. The following table lists
the maximum voltages that may safely be applied to the
instrument, on all ranges.

2-46. Guarded Measurements

2-47.  Significant errors in ac and dc measurements arise
out of undesired conversion of common mode signals (i.e.,
signals of like properties applied to both inputs) to normal
mode and out of ambient noise induced into unshielded
input leads. These errors add to the apparent amplitude of
the unknown.

2-48. The Model 8300A has a system of shields and
guards that function (when properly connected) to mini-
mize common mode-to-normal mode signal conversion and
induced noise, thereby providing the user with a very

FUNCTION MAXIMUM INPUT
versatile system capable of fully-floating measurements with-
vDC 1100 vdc or rms (1500v peak ac) out significant degradation of accuracy.
MVDC 1100 vdc or rms (1500v peak ac)
< ] 249. The following paragraphs describe some significant
vac :);?g;;?; (aﬁofv;?::, :;’\zg:g" sources of errors and provide recommendations for use of
that total peak voltage does not the guard to reduce or eliminate these errors.
exceed 1500v).
K2, 10 MS2 Fused at 50 ma. Recalibration 2-50. INPUT IMPEDANCE. Since measurement current
not necessary when replaced. flows equally in both leads, as shown in Figure 2-18,
MODE RATIO RANGE (lé) READOUT FRONT PANEL REFERENCE
B INPUT (A) INPUT (B)
DC/DC X 10 0+1.19999 0+11.9999 0+11.9999V
0+11.9999 0+119.999 0+£119.999V +2V to +10.5V
0+100.00 0+1000.00 0 +1000V
Standard
MV/DC X 10 0+0.0119999 0+£119.999 0+£119.999 mV
0+0.119999 0+£1199.99 0+£1199.99 mV into
AC/DC X 10 0t0 0.119999 0to 1.19999 0to 1.19999V
0to 1.19999 0to 11.9999 0 to 11.9999V 1 MQ
0to 11.9999 0to 119.999 0to 119.999V
0 to 100.000 0 to 1000.00 0 to 1000V
Figure 2-16. EXTERNAL REFERENCE RATIO RANGES AND INPUT REQUIREMENTS

9/28/73
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MODEL 8300A
S <~
> () HIGH HIO <
EREF ~ P EIN
> * Q LowW Lo (]) * <
I l 1 |
I I I I
I I I I
I I ! I
| I I I
I I | |
@ el e
| I
[ EcD [
I I
I |
1 1
— e €cob ® T EARTH
REQUIREMENT
10V RANGE 100V RANGE 1000V RANGE
Ecp <13V Ecp + N <13v Ecp + SN <13v
10 100
ecp <13V ecp +EIN <13y ecp +EWN <13v
10 100
ECD + ecp <13V ECD +tecp t EI_N <13V ECD + ecp +_E.L'\! <13V
10 100
WHERE Eger = INPUT REFERENCE VOLTAGE
E;N' = DVMINPUT VOLTAGE
Ecp = DCCOMMON DIFFERENCE VOLTAGE
ecp = PEAKAC COMMON DIFFERENCE VOLTAGE

Figure 2-17. EXTERNAL REFERENCE UNIT ISOLATION REQUIREMENTS
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it creates an error equal to

Ero1 + ERo2 =  (Ro1 + Rg2) Iy,
Where Rg1 + Rg2 Signal lead resistances
Ero1 + ERo2 =  Voltage developed in leads
due to flow of measurement
current.
M = Current flowing in instrument

input circuitry

By the principle of superposition, this effect may be con-
sidered independently from other phenomenon.

2-51. COMMON-MODE REJECTION RATIO (CMRR)
A path for common-mode currents is created by undesired
stray impedances Z1 and Z;, which represent leakage

8300A

circuit and guard and between guard and case, as shown in
Figure 2-18. These impedances enable frequency-dependent
currents to flow in the input leads to DVM when common-
mode voltages are applied as shown in Figure 2-18. Current
flows predominantly in the low-input lead (I ), because
Iy is designed to be very low (in the Model 8300A) and
Iy is therefore very low (i.e., Rog is very low and Rgjs is
very high). Current I has magnitude

Ecm
Ro3 + Roy + Rog +Z1 + Z5

Ip, =

As a result of Iy, an error voltage is developed across Rgp
whose magnitude is

resistances and stray capacitance between measurement Roz I = ERo2.
MODEL 8300A CASE (OUTER SHIELD)
GUARD SHIELD
TRANSFORMER TRANS-
SECONDARY SHIELD FORMER
MEASUREMENT PRIMARY
CIRCUITRY SHIELD
[~ M - 20 -3 _'f----. AC POWER
05 I le—200v REG. [I Q) ! !
} asense | 18V power i il ¢
! —18V suppLies |1 il [
Ros ' +5V PN :
-VV\---e
\__|_retumn T
¢ T % CIRCUIT
COMMON
Rq g * €y
il
1
I
R2 § :":: C2
—i
Rog Iy +1
AAN QD qe--dih ]
Ecm - -
EARTH (HOUSE)
GROUND
Ro1 & Rg2 = Signal lead resistances R2 & Co = Z9 = Stray impedance
Ro3 = Common-mode source resistance {guard-to-case)
Rog4 & Rgs =  Signal line-to-common resistances Enm = Normal-Mode Voltage
CIN = |nput capacity (Thevenin Equivalent)
(includes input cable capacity) Ecm = Common-Mode Voltage
R1 &Cq = Zq = Stray impedance (Thevinin Equivalent)
(measurement circuit-to-guard) IL&IH = Frequency-dependent
common-mode currents

Figure 2-18. FLOATING DVM MEASUREMENT SYSTEM SHOWING GENERATION OF COMMON-MODE SIGNALS.
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Substituting for I, we have

Ry Ecm
2| Ros + Ry *Rog +Z1 + Z|= ERo2

and rearranging we have

Ecm =Ro3 + Rop +Rog + 21 + 7 1t

ERro2 Ro2 Ro2
ifZ) > Ro3, Ro4, Ro2

and

CMRR ~ 20 logyg [_Z_%Zl] , expressed in DB.
2

2-52.  Other factors affecting CMRR are the DVM input
capacity, the resistance of Rgs, and the DVM filter. Input
capacity, C;,, which consists also of the capacity of the
input signal cable, tends to improve the CMRR by equalizing
the normal-mode inputs so far as ac is concerned. CMRR
is inversely proportional to the value of Rps. As the value
of Rqs is reduced, Iy approaches Iy and the amount of
common-mode conversion to normal-mode is consequently
reduced. Filtered operation increases the CMRR as shown
in paragraph 1-11 of the Model 8300A specifications.
Theoretically, the filter would add 60 db to theunfiltered
CMRR specifications; however, because the guard is not a
perfect shield, some common-mode currents are developed
within the instrument and the CMRR is degraded accord-

ingly.

2-53.  The guarding and shielding employed in the Model
8300A provide means for effectively making Z 1 very large,
thereby reducing ERpy to an acceptable level for reason-
able values of Ry and consequently greatly enhancing
CMRR. Z is effectively increased by forcing the common-
mode source to drive the guard shield to a potential equal
to that on the internal signal return (See Figure 2-19).
Under these conditions, the terminals of Z; will be a small
constant potential, no current will flow through Rq; and
Zq, and consequently ER(p will nearly equal zero volts.

2-54. In the diagram of Figure 2-19, Z, is placed
directly across Ecpg. Under some circumstances, where
EcM cannot be conveniently loaded with Z;, a guard driver
may be used, as shown in Figure 2-20.

2-55. RADIATED NOISE. Another source of errors
which is often encountered is that of unequal noise in-
duction in the unshielded input leads. The effective magni-
tude of these errors is dependent on the following:

a. Value of Rqy; and Ry (source impedance).
b. Length of input leads.

c. Strength of interfering field.

d. Frequency of interfering field.

e. DVM input impedance.

f. DVM input filter (whether active or inactive).

The guarding and shielding techniques shown in Figures
2-19 and 2-20 are of considerable importance in reducing
these errors, assuming that the noise does not originate in
the source itself. Further improvement, however, may be
obtained by using guarded or shielded cable terminations

AC ER

AN T T T 7\
— AN t “ O HI
E | HI
Nm - T Q SENSE
[ V! O
[ L1 010
;—_\! ___________ T/___o GUARD
Ecm

EARTH GROUND

Figure 2-19. CONNECTIONS FOR DRIVING THE GUARD FROM THE COMMON-MODE SOURCE.

2-22



8300A

MODEL 8300A

AC POWER

GUARD
DRIVER
AMP

EARTH GROUND

Figure 2-20. USING AN EXTERNAL AMPLIFIER TO DRIVE THE GUARD

as shown in Figure 24. Use of the filter in VDC and other
modes will enhance noise rejection characteristics regardless
of its origin.

2-56. SUGGESTIONS FOR USING THE GUARD. Non-
floating measurements will likely be the usual case. Under
these conditions, it is satisfactory to strap the front panel
GUARD terminal to the LO input terminal using the
shorting link provided.

CAUTION!

If guarded measurement is not needed, the
DVM GUARD terminal should be connected to
the DVM LO input terminal at the front panel
to preclude possible damage to the instrument.

2-57.  Figure 2-21 shows two methods for connection of
the guard terminal when making ohms measurements.

Figure 2-21A shows proper guard connections for 2-terminal
resistance measurements when signal leads are short and
Figure 2-21B shows proper guard connections for 4-terminal
resistance measurements when R < 12k (when R < 12k, in-
duced noise is generally insignificant but lead resistance
can become a significant error).

2-58.  In general guarded voltage and resistance measure-
ments will be necessary under the following conditions:

a. When long signal leads are used and source im-
pedance is high.
b. When the system is operating in the presence of

high level radiated noise. The most common
example is stray fields at power line frequency.

c. When floating measurements are made and the
common mode voltage is a high potential, high
frequency, or both.

A

USE SHORTING LINKS TO
CONNECT HI INPUT TO HI
Q SENSE AND LO INPUT TO

Lo ﬂSENSE\\ MODEL 8300A
‘8 HI
Rx \\ :; }SZSENSE
% i
4

GUARD

GUARD TERMINAL MUST BE
STRAPPED TO LO INPUT
TERMINAL

* QO HI
RX<12k§ {C)) ['(') }

MODEL 8300A

£ SENSE

& Lo
8 GUARD
®
\

GUARD TERMINAL MUST BE
STRAPPED TO LO INPUT
TERMINAL

Figure 2-21. PROPER GUARD CONNECTIONS FOR (A) 2-TERMINAL Q MEASUREMENTS WHEN
SIGNAL LEADSARE SHORT AND (B) 4-TERMINAL 2 MEASUREMENTS WHEN Rx < 12k.
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RACK MOUNTING PROCEDURE FOR
MEE SERIES INSTRUMENTS

v X

[ TH7

/
Vi

e
s

1-REMOVE THE FOUR MOLDED FEET & BAIL
FROM BOTTOM COVER.

2-REMOVE THE NAMEPLATE DECALS FROM
CORNER CASTINGS.

3-REMOVE THE SCREWS FROM CORNER
CASTINGS THAT MATCH HOLE PATTERNS
IN RACK MOUNTING EARS.

4-ATTACH RACK MOUNTING EARS WITH PAN
HEAD SCREWS (ENCLOSED).

Figure 2-22. PROCEDURE FOR ATTACHING RACKEARS TO MODEL 8300A

2-24



8300A

I. REMOVE PLASTIC TRIM STRIP (A) FROM SIDE OF
INSTRUMENT BY SLIDING IT TOWARDS THE REAR.

2. ATTACH CHASSIS SECTION (B) OF SLIDE & SPACER
STRIP (C) TO INSTRUMENT WITH ENCLOSED
SCREWS AS FOLLOWS:

A-FOR 32", 7",& 10 1/12" HIGH INSTRUMENTS
UTILIZE THE CENTER ROW MTG HOLES.

B - FOR 5 14" & 8 3/4" HIGH INSTRUMENTS
UTILIZE EITHER THE UPPER OR LOWER ROW
OF MTG AS DESIRED.

RACK SLIDE MIOUNTING PROCEDURE
FOR MEE SERIES INSTRUMENTS

-

3. INSTALL CABINET SECTION (E) & CENTER SECTION
(D) OF SLIDE INTO RACK (EXTENSION ANGLE
BRACKET & HARDWARE ENCLOSED).

4. EXTEND CENTER SECTION (D) OF SLIDE TOWARDS
OPERATOR UNTIL IT LOCKS IN EXTENDED POSITION]

5. DEPRESS SPRING LOCK ON CHASSIS SECTION (B)
& INSERT INSTRUMENT BETWEEN EXTENDED
SLIDE SECTIONS.

Figure 2-23.

PROCEDURE FOR ATTACHING RACK SLIDES TO MODEL 8300A
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Section 3

Theory of Operation

3-1. INTRODUCTION

3-2. This section describes the theory of operation of
the Model 8300A Digital Voltmeter. Only the basic DVM
is covered in this section. A brief functional description of
the Model 8300A options is presented at the system block
diagram level; however, the detailed theory of operation of
each option is given in Section VI of the manual. In the
general discussion, the functional interaction of circuits and
groups of circuits, as depicted in the accompanying simplified
drawings, is examined. Component references and signal
designations which appear on the simplified diagrams of
actual instrument circuits correspond to those on the
schematics. The detailed circuit description is keyed to
the instrument schematics, which are located at the back
of the manual.

3-3. GENERAL
3-4.  System Description
3-5. The Model 8300A Digital Voltmeter system consists

of the basic instrument and the options, as shown in Figure
3-1. In the basic instrument, the buffer functions as an
inverting unity-gain voltage amplifier. Its primary function
is to provide an impedance conversion between the signal
source which is being measured and the A/D converter in-
put. The A/D converter accepts the buffer output, deter-
mines the polarity of the voltage, and converts the voltage
into a binary coded decimal (BCD) output. The display
circuitry accepts the BCD output of the A/D converter and
displays the digits serially in a readout consisting of six neon
indicator tubes. Timing and control of all system events

GUARD CHASSIS
SIGNAL CONDITIONERS I
|- === |
i
[ ] 1 ! EXTERNAL
AC ™ IEXTERNAL | _ REFERENCE
ICONVERTER| o IREFERENCE INPUT
| ' | |
LI !
l DATA OUTPUT UNIT
| | 1
! |
INPUT | :
|
HI D BL:E';E“ ap [ finTernaL [ | power i POWER '
0> VoL TS cONVERTER[®]REFERENCE SUPPLY ) SUPPLY :
| i ] l |
| 1
| [
! |
pm—————— R ! 1
N | | DATA
‘ MILLIVOLT/\—¢ LOGIC ! DATA L _ig out
§LSENSE T { OHMS AND -1 ISOLATION ja ouTPUT ]
HI > ~ICONVERTER DISPLAY | LoGIC e+ IN
LO >~ = ] | |
- - L)
| I
L ____lr __________ -
GUARD MILLIVOLT | [ T !
>4 JCONVERTER ] :
1 1 }
L bom=m- - 1| switching | commanp | |
1
- PR T ONTROL ; 1soLATION fa “QTHR '
| 5
| |
- - === _I ___________ |
FRONT REMOTE CONTROL UNIT
PANEL
CONTROLS
— ———DENOTES OPTION

Figure 3-1. MODEL 8300A SYSTEM BLOCK DIAGRAM

6/23/72
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FUNCTION SIGNAL CONDITIONER
CALLED FUNCTIONAL ARRANGEMENT

b I

AID
vDC INPUT D= BUFFER |- OONXNESTER
DISPLAY
MV/OHMS
AD
CONVERTER
n INPUTD>—  or |- CONVERTER
MILLIVOLT DISPLAY
CONVERTER
A/D
KR 10MR  INPUT— MVIOHMS Lol purren || CONVERTER
DISPLAY
A/D
> ac CONVERTER
VAC INPUT coNveERTER[ ] AND
DISPLAY

Figure 3-2. SIGNAL CONDITIONER FUNCTIONAL
ARRANGEMENT.

is provided by the logic and control circuitry. The power
supply produces the system operating voltages including
the internal reference.

3-6. The AC Converter converts input ac voltages, in
four ranges, to a full-scale voltage of 12 volts dc (including
20% overrange) for measurement by the A/D converter.
The Millivolt/Ohms Converter and Millivolt Converter con-
vert input dc voltages in the range of 0 to 1000 millivolts
to levels suitable for driving the A/D converter. In ohms
mode, the Millivolt/Ohms converter produces an output

that is a DC voltage level proportional to the unknown
resistance and is of proper level to drive the A/D converter.
Figure 3-2 shows the functional arrangement of the buffer,
AC Converter, Millivolt/Ohms Converter and Millivolt Con-
verter in each of the DVM operating Modes.

37. The Data Output Unit (DOU) enables the instru-
ment to interface with computers, printers, or a variety of
data recording systems. DOU outputs include six decades
of numerical data in 1-24-8 BCD form, a polarity-indica-
ting line, a two-line code for the four instrumer.t ranges, and
seven lines to indicate instrument functions: VDC, MVDC,
VAC,KQ2,10MS,FILTER, and EXTERNAL REFERENCE.
DOU inputs include individual inhibit lines for each output
to permit fourline output multiplexing and a trigger,
which commands the DVM to make a measurement. The
remote control unit (RCU) enables the instrument to be
programmed or controlled remotely. It is isolated from
DVM circuits by eleven guarded light channels, which add
less than 0.5 picofarad capacitance coupling to measure-
ment circuitry thus maintaining the high CMRR.

38. Buffer

39. The principle parts of the buffer are a 10 megohm
input divider, which scales the dc input voltages to a maxi-
mum of +12 volts full scale; a high gain FET, non-inverting
operational amplifier (A1), which operates into a filter net-
work; and a second operational amplifier (A2), which is
connected inside of its own feedback loop to provide an
inverted gain of about 2.0. The basic buffer diagram is
shown in Figure 3-3.

3-10. Assume for explanation purposes that a positive
voltage is placed across the input terminals. The voltage will

M/
10
° ‘\-‘ | FILTER —AAA = En)
: Q NETWORK BUFFER _ —(EIN).
Fin o 100 . A2 » OuTPUT RANGE
900
°3 o | V v
100
K
100
{ 1000
>
gm.
Figure 3-3. BUFFER BASIC DIAGRAM
3-2 9/28/73
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Ra4
MW
Cc10
5V 5V _—1 (_—‘
+ ~ KSB
;— R43
S M\
+18V —18V Cc12
R8, RO n |
HI }—‘VV& —s R26
a7.A1 NOTCH —AW
Q9, A2 A
o> et L o e EE
’—I (—'1 FILTER
90nK = C3
+—
> é
K3 R11
100K i K5A
{ K4
K7
- AN
CR9 CR14
+18v  -18V
SWITCH CLOSURE SWITCH CLOSURE
K1 All KS2 Ranges K5 Filter with any K2, DC,
MQ or MQ Functions
10v DC Range
K7 All K2, and DC Ranges and
K2 100v DC Range MQ
K3 1000v Dc Range K8 DC
MQ
K4 AC 100 and 1000 K2 Ranges
100v and 1000v DC Ranges

Figure 3-4. BUFFER SIMPLIFIED CIRCUIT DIAGRAM

be applied through the appropriate range switch to the input
of Al. Since Al is a high gain operational amplifier, with
its inverting terminal grounded, the positive input will pro-
duce a large in-phase signal at the amplifier output. When
the positive output of Al is applied through the filter net-
work to the input of A2, A2 will be driven negative. The
magnitude of the output of A2 will be determined solely
by its input, which is in turn determined by the input to Al.

3-11.  In addition to providing impedance buffering, the
buffer also contains circuitry which is used to filter the in-
put signal. The simplified diagram in Figure 3-4 shows the
addition of the filter and input limiting circuitry to the
basic buffer diagram. When the FILTER relay is operated,
large capacitors are placed in the feedback paths of both Al

9/28/73

and A2, and a notch filter and low-pass filter are placed in
the forward gain path. The feedback capacitors establish a
3 Hz unity-gain bandwidth for the buffer, thereby attenuating
high frequency signals before they reach the input of the
A/D converter. The notch filter provides 60 Hz filtering and
the low-pass filter adds two additional poles, effective at
30 Hz. A graph of signal transfer versus frequency is shown
in Figure 3-5. As shown in the graph, the rejection to ac
signals having frequencies of 50 Hz and above is greater
than 60 db at the instrument input.

3-12. Limiting circuits are provided at the input of Al
so that +1100 volt inputs will not damage the buffer on the
10 and 100 volt ranges. FILTER, VDC,MVDC, VAC,KQ,
10 MQ, and REMOTE switches together with associated

3-3
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3 O;IZ 3|0 GIO 3OOI HZ
obB Lo 1 1 T LOG f
-4C DB ==
-60DB v\
e,
20 Iog‘0 e%“f.

Figure 3-5. FILTER TRANSFER FUNCTION

relays and relay drivers are mounted on the buffer board.
These circuits are connected via control lines to the instru-
ment logic and to respective signal conditioners.

3-13. A/D Converter

3-14.  The A/D converter employs the unique Recirculat-
ing-Remainder (R2) A/D conversion technique developed by
Fluke. A simplified diagram of the basic A/D conversion
technique is shown in Figure 3-6. Accompanying the
diagram is a chart showing the sequence of operation for an
input of —6.3524.

3-15. The A/D converter digitizes the input serially in
five 3-millisecond time periods, A through E, with each
period divided equally into digitizing and display periods,
1 and 2. At the start of the measurement sequence, period
Al, the A/D converter samples the —6.3524 volt input.
Then the analog output voltage from the A/D amplifier
causes the analog comparator to operate the current con-
trolled oscillator (CCO), whose pulses are counted by the
16 state binary counter. When the total pulse count equals
the most significant digit of the input, in this case 6, the
CCO stops. The remainder of 3.524 volts is gated through
Q125 and held in the sample and hold capacitor, C108. The
display circuitry decodes the counter output and displays
the “6” in period A2. At the beginning of period B, the
6.3524 volt input is-disconnected from the input of the
A/D converter and the 3.524 recirculated remainder voltage
stored on the sample and hold capacitor (C108) is gated
through Q124 and applied to the A/D Amp. Successively,
the remainders of 5.24, 2.4, and 4 volts are digitized and
displayed in the same manner. Although the five digits are
digitized and displayed one at a time, the process proceeds
at a sufficiently high rate of speed so that the display ap-
pears continuous to the eye.

3-4

3-16.  The input voltage is sampled at a rate determined
by the setting of the SAMPLE RATE control. The sample
rate range is from 1 sample every 100 milliseconds to one
sample every 3 seconds. Since it only requires 18 miili-
seconds to digitize the input, a display storage circuit is
provided, which stores voltages representing each of the
five digits on each of five capacitors. This stored infor-
mation supplies the A/D converter input during the remaining
digitize/display periods, until the DVM is ready to sample
the input voltage again. The period when the actual input
is sampled and digitized is known as the measurement cycle
and the period when the A/D converter reads out of
storage is known as the storage cycle.

3-17. The A/D converter has two basic operating modes.
It is connected as an operational amplifier during the first
period of the measurement cycle and it is connected as a
voltage follower during the remaining four periods of the
measurement cycle. The simplified diagram of Figure 3-7
(A) shows the circuit arrangement for measurement of the
first digit (6) of a —6.3524 volt input. The amplifier is
satisfied by two feedback loops. The loop consisting of
the CCO, counter, and ladder is activated whenever the
amplifier output exceeds VR, while the remainder resistor
feedback loop satisfies the amplifier for all amplifier outputs
less than VRgp. The sum of the two feedback currents
and the input current flowing into the summing junction at
the amplifier input result in amplifier balance. After a
short interval, during which time the amplifier is allowed
to settle, the “6” is displayed and the amplified remainder
is applied to the sample and hold circuit. The A/D
converter circuit arrangement for measurement of second,
third, fourth, and fifth digits is shown in Figure 3-7
(B). The 3.524 volt remainder is applied to the input of the
amplifier, now connected as a voltage follower, and is digit-
ized and displayed as the new input signal. Succeeding
remainders are applied, in turn, through the sample and
hold circuit to the amplifier input, until the entire
—6.3524 volt input has been digitized and displayed.

3-18. The A/D converter together with associated cir-
cuitry is shown in more detail in the simplified diagram of
Figure 3-8. The inverting amplifier is an inverting oper-
ational amplifier consisting of input resistor R102, amplifier
Q101, A101 and feedback network CR101, CR102, and
R103. The output of Al drives the polarity detector, which
operates the positive and negative (plus and minus) gates.
The inverting amplifier together with the polarity detector
ensure that the A/D amplifier is always presented with a
negative input. For example, a negative instrument input
would appear at the A/D input as a positive voltage
(because of inversion in the buffer). The positive input
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Figure 3-6.
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REMAINDLCZRESISTOR 3524 REMAINDER VOLTAGE
A HELD UNTIL 2ND PERIOD
BCD1
-6.3524
vV - TO A/D CONVERTER
VOLTS Qs SAMPLE INPUT
A102 AND  —® (pERIODS 2
A HOLD THROUGH 5)
——< VReF
Vaer >———] LADDER _ ANALOG
REF NETWORK COUNTER cco COMPARATOR
0110
BCD OUTPUT
TO DISPLAY
R62
REMAINDER RESISTOR
v
BCD 1
k
SAMPLE A102
AND +
HOLD 3524V 2ND PERIOD
524V 3RD PERIOD
24v 4TH PERIOD —< VReE
a0v 5TH PERIOD
y y
v LADDER ANALOG
REF >——— \fiwonk [ COUNTER le— cco e Subicien
0011  2NDPERIOD
0101  3RDPERIOD
0010  4THPERIOD
0100  STHPERIOD
BCD OUTPUT TO DISPLAY

Figure 3-7. A/D CONVERTER CIRCUIT ARRANGEMENT FOR DIGITIZING AND DISPLAYING
(A) FIRST DIGIT AND (B) SECOND THROUGH FIFTH DIGITS

would be inverted in the inverting amplifier and the polar-
ity detector would turn on the minus gate. If the instrument
input were positive, the inverting amplifier would produce
a positive output and the polarity detector would turn on
the plus gate. During the periods when the A/D amplifier
input is supplied by the sample and hold circuit, the plus
and minus gates are turned off by a logic signal applied to
the polarity detector. Switch Q114 is also turned off by a
logic signal, thereby enabling the output of the sample and

36

hold circuit to be applied to the A/D amplifier. The
half-digit bias circuit adds the voltage equivalent of a half
digit to the charge stored on each display storage capacitor.
This ensures proper display storage readout by compensating
for the effects of voltage decay in the storage circuit.

3-19. In addition to the five periods required for digit-
izing and displaying the input signal, a sixth period, known
as the zero period, is set aside for removal of the zero offset
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of the A/D amplifier. During the zeroing period, switch
Q118 isturned on which connects the output of A102 to the
zero holding capacitor C115; at the same time, the amplifier
input is grounded. This operation places the offset of A102
across C115 and effectively removes it for the balance of
the measurement cycle. The same zeroing operation is also
performed on the inverting amplifier and occurs during a
period in the measurement cycle when the amplifier is not
being used. The complete sequence of operations for both
measurement and storage cycles is shown in Figures 3-9 and
3-10. The various circuit arrangements of the A/D converter
are summarized in Figure 3-11, which shows the simplified
circuit for each operating mode in both measurement and
storage cycles.

8300A

3-20. Logic and Control

3-21. The DVM logic and control block diagram is
shown in Figure 3-12. The 333 Hz master clock is the
master timing reference for the DVM and is used through-
out the logic and control circuitry. The six-state shift
register, which is driven from the master clock, produces
signals which establish the five digitize/display periods and
the zero period of the A/D converter. The analog cycle
control circuitry uses signals from the shift register and
cycle-change circuitry to derive A/D control signals. The
display section includes circuitry which controls the nine
function/status indicators and the readout decimals, in-
cluding two memory circuits which provide control of
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Figure 3-8. A/D CONVERTER SIMPLIFIED CIRCUIT DIAGRAM
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NUMBER BEING READ
PERIOD IN CYCLE

ZERO

ZERO A/D AMPLIFIER

CONNECT AND DIGITIZE INPUT “6"

10X REMAINDER *“3.524" STORED S + H NO. 2
DISPLAY STORAGE CAP NO. 1 CHARGED TO "6.5"
TURN ON READOUT TUBE NO. 1 AND DISPLAY “8"

DISCONNECT INPUT AND DIGITIZE VALUE STORED IN
S +HNO. 2, NAMELY “3"

10X REMAINDER “5.24” STORED S + H NO. 1

DISPLAY STORAGE CAP NO. 2 CHARGED TO 3.5
TURN ON READOUT TUBE NO. 2 AND DISPLAY “3"

DIGITIZE S + HNO. 1 (VALUE "5")

10X REMAINDER “2.4” STORED S + H NO. 2
DISPLAY STORAGE CAP NO. 3 CHARGED TO “5.5"
TURN ON READOUT TUBE NO 3. NAD DISPALY "6”

1.5Ms
TYPICAL

DIGITIZE S + H NO. 2 (VALUE "2")

10X REMAINDER 4" STORED S + H NO. 1

DISPLAY STORAGE CAP NO. 4 CHARGED TO “2.5”
TURN ON READOUT TUBE NO. 4 AND DISPLAY “2”

DIGITIZE S + H NO. 1 (VALUE “4")
DISPLAY STORAGE CAP NO. 5 CHARGED TO “4.5"
TURN ON READOUT TUBE NO. 5 AND DISPLAY “4”

ZERO INVERTING AMPLIFIER

pr—

ENTER STORAGE CYCLE

I‘_s MS—g]

1o TYPICAL

18 MS

Figure 3-9. EVENT SEQUENCE — MEASUREMENT CYCLE

NUMBER BEING RECALLED
PERIOD IN CYCLE

ZERO

ZERO A/D AMPLIFIER

DIGITIZE DISPLAY STORAGE CAP. NO. 1
TURN ON READOUT TUBE NO. 1 AND DISPLAY 6
RE-STORE CHARGE OF CAP NO. 1TO “6.5"

DIGITIZE DISPLAY STORAGE CAP NO. 2
TURN ON READOUT TUBE NO. 2 AND DISPLAY “3"
RE-STORE CHARGE OF CAP NO. 2 TO “3.5"

ZERO INVERTING AMPLIFIER

DIGITIZE DISPLAY STORAGE CAP NO. 3
TURN ON READOUT TUBE NO. 3 AND DISPLAY 5"
RE-STORE CHARGE OF CAP NO. 3 TO “5.5"

TURN ON READOUT TUBE NO. 4 AND DISPLAY 2
RE-STORE CHARGE OF CAP NO.4TO “2.5"

—
—
—

15MS
TYPICAL

DIGITIZE DISPLAY STORAGE CAP NO.5
TURN ON READOUT TUBE NO. 5 AND DISPLAY ““4"

DIGITIZE DISPLAY STORAGE CAP NO. 4 }
RE-STORE CHARGE OF CAP NO. 5 TO “4.5" }

H

REPEAT STORAGE CYCLE EVENTS UNTIL BEGINNING
OF MEASUREMENT CYCLE.

18 MS

3-8

Figure 3-10. EVENT SEQUENCE — STORAGE CYCLE
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MEASURE CYCLE

A102

ZERO | +
CONTROL
SIGNAL

5 - ZERO
R

Vv

IN>=AVV - SAMPLE
REMAINDER
A102 DIVIDER [} HO&LD
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! VREer FIRST

j / DIGIT
LADDERS

~

COMPARATOR
Primary COUNTER |@—| & CCO
& le <V
Secondary | REF
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- REMAIN
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SAMPLE . TWO
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STORAGE CYCLE
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A102

ZERO | +
CONTROL g
SIGNAL
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ANALOG +
STORAGE VREF D(l)(:llél's
THROUGH
FIVE
LADDERS jcCOMPARATOR -
Primary COUNTER p@= " g cco
&
Secondary ._—< VREF _J

Figure 3-11. SIMPLIFIED A/D CONVERTER CIRCUIT ARRANGEMENT FOR EACH OPERATING MODE.
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polarity and overload indicators. The 16-state binary
counter is driven by the CCO. Counter outputs are applied
to the ladder switches in the A/D converter and to the
decoder/driver, which outputs to five of the six readout
tubes. Counter inputs include those from two catcher
circuits. The 12’s catcher stops the counter unconditionally
whenever its count reaches twelve. The conditional 11’s
catcher stops the counter when its count reaches eleven if
the instrument is in 10 M2 mode, if it is on the highest
range, or if it is not autoranging. The manual and auto-
range circuitry accept the manual and remote range signals
and provide control of all instrument ranging. The cycle
change circuitry establishes the measure and storage cycles .
The timing diagram for the measure portion of the measure/
store cycle of the DVM is shown in Figure 3-13.

3-22. Power Supply

3-23.  Operating voltages for the Model 8300A are pro-
duced by a series of regulated supplies as shown in Figure
3-14. The +18 volt and —18 volt regulator outputs are used
throughout the instrument as operating voltages. The +190
volt regulator output is used to power the readout tubes.
The +5 volt regulator output is used to power the DVM
logic. The +7 volt regulator output is the master voltage
reference for the instrument. The disable input turns the
+7 volt regulator off when the External Reference function
is called. The 7 volt rms output is used to power the +5
volt logic supply, which is located in the Data Output Unit.
This regulator supplies power to the DOU logic and the
RCU logic, if desired.

g sy _
w 2ol W
5 SEEEL
Gsis2s3sassh GGG GiNc
333 Hz 0.167% DUTY CYCLE ;ﬁ f f f f f f f fff
50% DUTY CYCLE
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y . 5 TIFEIITITITEN
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e CIRCUITRY STATUS > =
veol %) cLuoinG DISPLAY RESGHIISEF.'-ER A ABCDE
SET 1 MEMORY BLOCK o5 ‘ { ‘ l J
WY Z <
D
VERLOAD =
- E
Me ENABLE COUNTER —& ZERO
HIGHEST STOP AT
RANGE 1 >
AUTO- CONDITIONAL
RANGE
OVERRANGE
COUNTER SIXTEEN V6 Vi
W9 ““or STATE DECODER
X | AT “12" UN- BINARY DRIVER
CONDITIONAL COUNTER
ANALOG  jee— CURRENT
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I \ RanGe
}—— ( conTROL
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Figure 3-12. DVM LOGIC AND CONTROL BLOCK DIAGRAM
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Figure 3-13. MEASUREMENT CYCLE TIME RELATIONS

3-24. CIRCUIT DESCRIPTION
3-25. Buffer

3-26. INPUT RANGE DIVIDER. The input binding
posts are connected across a three-position, 10-megohm
range divider consisting of resistors R1 through R7 and
resistor R54. The 100 volt and 1000 volt ranges are ad-
justed by potentiometers R4 and R6 respectively. De-
pending on the range selected, the divider scales the input
voltage down by a ratio of 10, 100, or 1000 so that the
divider output will always be 10 volts full scale or 12 volts
including 20% overrange. The input resistance is 10 megohms
on the 100 and 1000 volt ranges, but the contacts of relay
K4 are open on the 10 volt range and the input resistance is
limited only by the leakage resistance at the input terminals.

9/28/73

The overload protection network, consisting of transistors
QS and Q6 and diodes CR7 and CRS8, limits the voltage at
the input of Q7 so that overvoltage will not damage the
instrument.

3-27. AMPLIFIER/FILTER. The input amplifier con-
sists of transistor Q7, a low-noise, low-drift FET pair
operating in common-source configuration. Potentiometer
R47 is the zero adjustment control, which, in conjunction
with resistors R13, R14, and R55 is used to reduce the
initial offset of Q7 to zero. The output of Q7 drives Al,a
high-gain, monolithic operational amplifier. The filter net-
work consists of capacitors C2 and C3 and resistors R11
and R19, which provide feedback around Al; the notch
filter; the low-pass filter; and capacitors C10 and C12 and
resistors R43 and R44, which provide feedback around A2.

31
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Figure 3-14. POWER SUPPLY BLOCK DIAGRAM

The purpose of transistor Q8 is to provide an impedance
transformation between the notch filter and the low-pass
filter. The final amplifier stage consists of differential FET
pair Q9 and operational amplifier A2.

3-28. SWITCHING. Switch block S1 includes all of the
front panel function switches except EXT REF. The
REMOTE (FUNCTION) switch controls the function re-
mote/local bus. In the local mode, +5 volts dc is available
at each of the seven function switches. The switch outputs
are applied to control lines which are connected to function
control and display circuitry in the logic section. The range
relays are controlled by the range flip flops in conjunction
with the manual and autorange circuitry, which is located
in the logic section. The filter function is called by the
FILTER switch, which is enabled by transistor Q10 if the
VDC, K2, or 10 MQ functions are called. Figure 3-15
shows the control switching arrangement for the DVM.

3-12

3-29. A/D Converter

3-30. INVERTING AMPLIFIER. The inverting amplifier
consists of input switch Q103, dual FET input amplifier
Q101, operational amplifier A101, and associated circuitry.
Once every 18 milliseconds, during the zero period for the
inverting amplifier (period C of the measurement cycle),
switch Q105 is switched on by the autozero drive circuit,
which consists of amplifiers Q108 and Q109. The automatic
zero circuit consists of transistors Q104 and Q105 and
capacitor C116. The drive circuit also supplies a turn-off
signal to transistor Q103, thereby removing the input to
the inverting amplifier during the zero period.

3-31. POLARITY DETECTOR. The polarity detector
consists of flip flop Q106, Q107 and associated circuitry.
The flip flop employs base triggering, which is applied
through diode CR110 to the base of Q106. The gate signal

9/28/73



(Gate 4), which is applied to the emitters of Q106 and
Q107, enables the detector only during period A of the
measurement cycle. During the remainder of the measure/
store cycle, the plus and minus gates are turned off and the
polarity information is retained by the display circuitry so
that a continuous polarity indication is provided.

3-32. A/D AMPLIFIER. The A/D amplifier consists of
dual FET Q115, operational amplifier A102, and associated
components. The automatic zero circuit is comprised of
transistors Q117 and Q118 and capacitor C115. Switch
Q118 isturned on during the zero period of the measurement
cycle by a signal from the autozero circuit, consisting of
amplifier Q110. Transistor Q110 also controls switches
Q113 and Q114, which are turned on during the zero
period, and switch Q120, which is turned off during the
zero period to disconnect the amplifier output from the
ladder. Transistor Q119 and resistor R180 constitute a
clamp, which prevents amplifier A102 from saturating while
the output of A102 is above 7 volts.

3-33. ANALOG COMPARATOR. The analog com-
parator, consisting of transistorsQ116, Q121, Q122, Q123
and associated components, is basically a voltage comparator.
Differential amplifier stage Q121 compares the A/D ampli-
fier output with the +7 wvolt reference, and differential

8300A

stage Q122, Q123 outputs to the CCO. Transistor Q116
operates as a second comparator, which responds quickly
to high voltage levels, thereby allowing maximum time for
resolution of the least significant digit.

3-34. SAMPLE AND HOLD. The sample and hold
circuit consists of transistors Q124 through Q127 and
capacitors C108 and C109. The sequence of operation for
the sample and hold circuit is shown in Figure 3-16.

3-35. LADDER. The output of the 16-state binary
counter is applied to the ladder switches and their drivers,
transistors Q133 through Q144. The output of the ladder
switches is applied to two ladders. Each ladder comprises a
4-bit, weighted-resistor, digital-to-analog converter. The
primary ladder consists of resistors R133 through R139
and produces an output that corresponds to the actual
value of the digital input. The secondary ladder, which
drives only the display storage circuit, consists of resistors
R127 through R132 and produces an output that approxi-
mates the actual value of the digital input. The half-digit
bias is produced by R131 and R132 in conjunction with
the secondary ladder resistors and adds the voltage equiva-
lent of a half-digit to the output of the secondary ladder.
This ensures proper display storage readout by compensating
for the effects of voltage decay in the storage circuit.

-— > MQ
- »KQ
< > VAC FUNCTION
D N CONTROL
- # MVDC LINES TO
- & VDC INSTRUMENT
- & FILT.
- # EX.REF.
. FUNCTION REMOTE BUS
TO FUNCTION LOCAL BU!
REMOTE ~ _ FUNCTION LOCAL BUS
CONTROL
UNIT r—o ro ro
Y
YOg 1T
FILTER vDC MVDC VAC KQ 10 MQ REMOTE FUNCTION _

- > 1 RANGE

_ s CONTROL

j jgns LINES
- > 7 T0
- » 1000 LOGIC

RANGE REMOTE BUS

_ RANGE LOCAL BUS

>did

10
RANGE

P!

EXTERNAL

1 100
REFERENCE RANGE RANGE

;-J)
S g

AUTO REMOTE
RANGE RANGE

* VDC AND AUTORANGE SWITCHES

1000
RANGE SHOWN DEPRESSED.

Figure 3-15. CONTROL SWITCHING CIRCUIT DIAGRAM
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PERIOD SWITCH CONDITION
IN CYCLE MEASUREMENT STORAGE
CYCLE CYCLE
A Q125 ON Q124 through
B Q124, Q127 ON Q127 OFF
C Q125, Q126 ON
D Q124, Q127 ON
E Q126 ON

Figure 3-16. SAMPLE AND HOLD OPERATING
SEQUENCE

3-36. DISPLAY STORAGE. The storage circuit consists
of FET switches Q128 through Q132, FET switches Q146
and Q147, and capacitors C110 through C114. The output
of the secondary ladder is supplied to the appropriate stor-
age capacitor through Q147, which is switched on during
display time. The first (most significant) digit is stored in
C110, second in C111, third in C112, fourth in C113, and

the fifth in C114. When the cycle change circuitry switches
to storage mode, Q146 is switched on and the analog volt-
ages stored in the capacitors are applied, serially, to the
input of Q115.

3-37. Logic and Control

3-38. LOGIC NOTATION. A description of the logic
symbology used in:the Model 8300A is given in Figure
3-17. A JK flip flop that is in the “1” condition or is set
“high” has a “high” output from the “Q” terminal. The
orientation of the flip flops in the schematics is the same as
the flip flop shown in Figure 3-17. This method of no:
tation enables input/output terminals of the flip flops to be
identified without the necessity of redundant lettering of
each device symbol. In the main, the routing of logic and
control signals on the schematics is accomplished without
connecting lines, which greatly reduces congestion. The
origin of the signals may be determined by locating the
device or circuit whose circuit reference symbol bears the
same nomenclature, e.g., origin of the Y signal would be
flip flop “6Y” of the sixteen state binary counter and,
specifically, the Q output of that flip flop.

LOGIC SYMBOL NAME DESCRIPTION
J-K Flip Operation of the J-K flip flop is shown by the following truth tables.
S Flop Note that S and ““R" inputs are dominant over “J" and K" inputs.
I SYNCHRONOUS ASYNCHRONOUS
INPUTS INPUTS
J— ——Q
c— 5 J | K| Qpp S|R| a | Q
K 0 0 Q, 0 0 Undefined
| 0 1 0 0 1 1 0 Set
R 1 0 1 1 0 0 1 Reset
1 1 Q, 1 1 Normal Condition
NOR The following table shows gate and inverter operation. Although
A___D,_ Gate only two-input gates are shown, operation is identical for gates
B having additional inputs.
B Gate A B NOR NAND INVERTER
0 0 1 1 1
A—Do— Inverter 0 1 0 1 1
1 0 0 1 0
1 1 0 0 0

Figure 3-17. EXPLANATION OF LOGIC SYMBOLOGY
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3-39. MASTER CLOCK. The 333 Hz clock signal is
produced by transistor Q45. The clock frequency is deter-
mined by the RC time constant of resistor R1 and capacitor
C1. The output of Q45 is applied to the trigger input of
flip flop 3F. The F output of 3F is inverted in Q1 and
becomes the H signal. The F, F, and H signals are used by
the logic to generate control signals.

340. SIX-STATE SHIFT REGISTER. The shift register
consists of JK flip flops 1A, 1B, 2C, 2D, and 3E. Error-
correction gate 4B controls the input to flip flop 1A to
ensure proper operation of the shift register. At the
beginning of the measurement cycle, the shift register is
reset by the M signal, which is differentiated by capacitor
C2 and resistor R70 and applied to the reset input of each
flip flop. When reset, each flip flop is in the “0” condition,
the “J” input of flip flop 1A is high, and the “K” input of
flip flop 1A is low. Resetting the shift register initiates
the zero period of the A/D amplifier, as shown in the timing
diagram of Figure 3-13, and provides a ZERO control
signal at pin 8 of gate 4B, The zero period is terminated by
the H clock pulse, which sets flip flop 1A high and reverses
its input. Subsequent clock pulses set the flip flop outputs
as shown in Figure 3-18.

341. SIXTEEN-STATE BINARY COUNTER. The six-
teen-state binary counter consists of JK flip flops 6Z, 6Y,
7X, and 7W. The counter is set to zero at the beginning of
each period in the measurement cycle by the H clock pulse.
During each period of the measurement cycle, the output
of the CCO, which is applied to the clock input of flip flop
6Z, is counted. The truth table for the flip flops in the
binary counter is shown in Figure 3-19.

342. 1I’S AND 12’S CATCHER. The conditional 11’s
catcher and 12’s catcher control the “J”” and “K” inputs to
flip flop 6Z. The 12’s catcher stops the counter uncon-
ditionally when it reaches a count of 12. It also enables
circuitry which activates the OVERIoad indicator. The 12’s
catcher circuit consists of NAND gate 15C and diode CR4.
When the count in the binary counter reaches 12, gate 15C
will be enabled and the counter input will be clamped at
zero volts dc. Activation of the 12’s catcher circuit will also
enable switch Q44, and the next pulse from the CCO will
turn on transistor Q46, which will activate the OVERIload
lamp. Q46 will remain on until the beginning of the next
measurement cycle, at which time it will be turned off by
the M signal, which is applied to its cathode. The 11’s

catcher consists of NOR gates 8A and 8B and NAND gate
19C. The W, Y, and Z counter outputs are NORed in gate
8A with the output of gate 8B. If the count reaches 11, the
W, Y, and Z inputs will be low; if, at the same time gate

8300A

8B is enabled, gate 8 A will be inhibited, which will enable
gate 19C and the counter will be stopped.

PERIOD SHIFT REGISTER FLIP FLOP
OUTPUT STATES

1A 1B 2C 2D 3E

ZERO 0 0 0 0 0
A 1 0 0 0 0

B 0 1 0 0 0

Cc 0 0 1 0] 0

D 0 0 0 1 0

E 0 0 0 0 1

Figure 3-18. SHIFT REGISTER OUTPUTS

343. CURRENT CONTROLLED OSCILLATOR. The
CCO consists of multivibrator Q2, Q3. The CCO has no
output until it is supplied current by the analog comparator.
The pulse repetition rate of the CCO is proportional to the
magnitude of the driving current. The greater the current
flowing into the base of Q3, the greater the number of
pulses produced by the CCO per unit time. The CCO out-

cco SIXTEEN-STATE
PULSE BINARY COUNTER
COUNT
6Z 6Y 7X 7w
0 0 0 0 0

Figure 3-19. SIXTEEN-STATE BINARY COUNTER
TRUTH TABLE
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NOR GATES VAC AND K2 VvDC MVDC MQ
RANGE

1 10 100 1000 10 100 1000 100 1000 10

128 1 0 O 0 0 0 0 0 0 0

10D 0 1 o 0 1 0 0 0 0 0

10B 0o 0 1 0 0 1 0 1 0 0

10C 0 0 O 1 0 0 1 0 1 0

Figure 3-20. RANGE GATE TRUTH TABLE.

put is applied to the clock input of the 16-state binary
counter. The 9’s catcher, gate 9C, disables the CCO at a
count of nine, if the DVM is digitizing the second through
the fifth digits (periods B through E). The purpose of
transistor Q4 is to disable the CCO during display time to
prevent changing the count during the display period.

344. MANUAL RANGE LOGIC. The manual range
logic processes the range commands and overrides the auto-
range function whenever a range is selected manually. The
four range commands and the VDC, MVDC, and 10 MQ
function commands are NORed in gates 12B, 10D, 10B, and
10C. The gates are inhibited if the corresponding range is
called, provided that the associated function agrees with
the selected range. The operation of the four gates is shown
in the truth table of Figure 3-20. The output of these gates
is NORed in gates 11A, 10A, 12A and 11C to provide set
and reset pulses to the range flip flops 18a and 18b. The
truth table for the range flip flops is shown below:

FLIP FLOP
RANGE
a b
1 0 0
10 0
100 1 0
1000 1 1

345.  Assume, for example, that the VAC function and
the 1 volt range are called. Gate 12B will be inhibited,
which will enable gates 11A and 10A. The low output of
these gates will be applied to the reset input of flip flops
18a and 18b, thereby setting them to the “0” condition
(range 1). In similar manner, each range command enables
these gates in such combination as to lock the range flip
flops in the desired condition. Calling the MVDC function

3-16

enables gates 12B and 12C so that only 100 and 1000
ranges may be called. Likewise, calling the 10 M2 function
enables gates 12B, 10B, and 10D so that only the 10 range
is enabled; at the same time, calling the 10 M function
enables gate 11A and 12A, which sets flip flop 18a to the
“0” condition and flip flop 18b to the “1” condition. In
this way, the 10 range is automatically called whenever the
10 M2 function is called.

346. NOR gate 8Bis the enabling gate for the conditional
11’s catcher. It will be enabled if the 1, 10, or 100 ranges
are called or if the 10 MS2 function is called. If the 1000
range is called, NOR gate 16B will be inhibited, which will
also enable gate 8B. NOR gates 11B and 13A constitute an
interlock to prevent calling the 1 range in VDC function.
Calling VDC function and range 1 enables gate 12A, which
sets flip flop 18b, thereby locking the DVM out of range 1.

347. AUTORANGE LOGIC. The range flip flops 18a
and 18b are controlled by uprange and downrange gates
together with a ranging pulse circuit. Up-signal (UP) detec-
tion is accomplished by NAND gate 15C and down-signal
(DN) detection is accomplished by NAND gate 4A. When
the binary counter reaches a count of 12, gate 15C is enabled
and will produce a low at pin 11 of gate 13C. At the same
time, gate 13D will be enabled by a high from the down-
range detector, gate 4A. The other input to gates 13D and
13C is supplied by flip flop 18b. If flip flop 18b is in the
“0” condition, gates 13D and 13C will produce a low at
both “J” and “K” inputs of flip flop 18a. Thus when the
ranging pulse is applied to flip flops 18a and 18b, flip flop
18a will remain in its previous state and flip flop 18b will
toggle. If flip flop 18b is in the “1” condition, gates 13D
and 13C will produce a low and a high, respectively, at the
“J> and “K” inputs of flip flop 18a. The ranging pulse will
then cause both flip flops 18a and 18b to toggle.



348. The ranging pulse is developed by gates 19A, 19B,
and 16A in conjunction with the 230 milliseconds delay
circuitry. The UP and DN signals are NANDed in gate 19A
to produce a high output from 19A if either an UP or DN
signal is generated or a low output if neither is generated.
Gate 19A and diode CR10 constitute a two-input AND
gate, which provides an UP or DN command to gate 19B
only during the A period of the measurement cycle. Gate
19B is enabled at the beginning of the second half of the A
period, when the F signal goes high, if there has been an up
or down range decision. The output of gate 19B is
differentiated and applied as a negative pulse to NOR gate
16A. The positive pulse developed by gate 16A is applied
to the clock inputs of the range flip flops and causes them
to uprange or downrange, depending on the state of gates
13D and 13C.

3-49.  The delay circuitry places the DVM in storage mode
during the ranging operation to allow the signal conditioners
to stabilize before proceeding with a measurement. This
action is initiated by the ranging pulse. It is applied to the
flip flop (gate 5B and 5C) of the cycle change circuitry,
which causes the cycle change circuitry to change to storage
mode. The range pulse also turns on transistor Q25, which
provides a discharge path for capacitor C7 and thereby
turns off transistor Q47. When Q47 turns off, transistor Q28
turns on and grounds pin 7 of gate SC. This prevents any
trigger pulses from switching the cycle change circuitry to
measure mode until the ranging operation is complete.
After approximately 230 milliseconds, the charge on C7
will be sufficient to turn on Q47. When Q47 turns on,
Q28 will turn off and the cycle change circuitry will be
enabled. As it first conducts, Q47 will also supply a posi-
tive pulse to gate 5C, which will trigger the cycle change
circuitry and initiate a measure cycle. The purpose of
transistor Q26 and associated components is to reduce the
delay from 230 milliseconds to 10 milliseconds during
VDC unfilitered mode, since the time required for settling
and stabilization of the buffer is much less than in the
other signal conditioners. If the DVM is in VDC mode
without the filter function called, Q26 will be on and R41
will be effectively placed in shunt with R40. This will re-
duce the charge time for C7 and shorten the delay
accordingly.

3-50. The purpose of gates 15A, 15B, 15D, and 13B
and diodes CR13 and CR14 is to set the lowest range for
the selection function, thereby setting the operating range
of the autorange circuitry. Diode CR13 inhibits the down
detection gate,4A, when the 100 range is manually selected,
and diode CR14 inhibits gate 4A when the 10 or 100 range
is selected. On the 10 volt range in VDC mode, gate 13A
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will be enabled, gate 15A will be inhibited, and gate 15D
will be enabled, which will inhibit the down detection gate,
4A. On the 100 range in MVDC mode, gate 13B will be
enabled, gates 15A and 15B will be inhibited, and gate 15D
will be enabled, which will also inhibit the down detection
gate.

3-51. CYCLE CHANGE CIRCUITRY. The cycle change
circuitry consists of two flip flops, an inverter, and a reset
gate. The input flip flop consists of NOR gates 5C and 5B,
and the output flip flop consists of gates 16C and 16D.
Following application of the H pulse, the information pre-
sent in the input flip flop is inverted in gates 9A and 5A and
passed on to the output flip flop. The ZERO signal, which
is applied to one input of gate 5A, prevents the circuitry
from being cycled until it has completed the current cycle.
In measurement cycle, gates SC and 16D are enabled; and
in storage cycle, gates SB and 16C are enabled. The reset
gate, 9C, produces a reset signal at the end of the E period
of the storage cycle, which switches the DVM to the
measurement cycle. The cycle change flow chart is shown
in Figure 3-21.

3-52. INTERNAL SAMPLE OSCILLATOR. The in-
ternal sample oscillator consists of transistors Q27, Q42,
Q43 and associated components. Transistors Q27 and Q42
constitute a Schmitt trigger. The stage is triggered by the
charge on capacitor C9, as it charges through resistors R48
and R49 (SAMPLE RATE control). After changing state,
the positive potential at the collector of Q27 turns on
transistor Q43 and quickly discharges capacitor C9 to re-
store the initial state. The output pulse width is determined
by the discharge time of C9 and the hysterisis characteristics
of the Schmitt circuit. The pulse repetition rate is deter-
mined by the RC time constant of R48, R49 and C9. In
the EXT position of the SAMPLE RATE control, the
oscillator is disabled, because the collector load for Q27
(resistors R53, R54, and R81) is disconnected.

3-53. ANALOG CYCLE CONTROLS. The analog cycle
control circuitry produces the gate and control signals, which
are used to control the timing of events in the analog por-
tion of the DVM, principally the A/D converter. These
signals, together with other control signals, are shown in the
timing diagram of Figure 3-13. The M and H signals are
NANDed in gate 14D and the output of the gate is applied
to inverter Q11, which is enabled by quantity C-E from gate
14C. The resulting signal, gate 11, represents the quantity
MH (C + E). The “store input” control signal is equivalent
to the F signal and is produced by transistor Q12. The
quantity MH from gate 14D is applied to inverter Q13,
which is enabled by quantity A'C from gate 14B. The

3-17
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@ REQUIREMENT TO RANGE DETECTED DURING Ay BLOCK.

Figure 3-21. CYCLE CHANGE FLOW CHART

resulting signal, gate 2, represents the quantity MH (A + C).
The quantity MH, from gate 14D, is also applied to inverter
Q14, which is enabled by quantity B-D from gate 14A.
The resulting signal, gates 1 and 22, represents the quantity
MH (B + D). The “store output” control signal is equivalent
to the M signal and is produced by transistor Q15. The
gate 4 signal is produced by transistor Q16 and is equiva-
lent to M-A.

3-54. DISPLAY CIRCUITRY. The display circuitry
controls the function/status indicators and the decimal
indicators associated with the readout tubes. The EX REF,
AC, MV, K, and MQ indicators are controlled by the
respective function control lines. They are illuminated when
+5 volts dc is applied to the control line; however, the
control lines are interlocked in the associated assembly so
that the indicator will not light unless the assembly is in-
stalled in the instrument. The FILT indicator circuit is
interlocked with K, 10 M2, and VDC functions through
transistor Q10 in the buffer assembly. The OVERIload
indicator is operated by transistor Q44 in conjunction with
the 12’s catcher, as described in paragraph 3-42.

3-18

3-55. The DC+ and DC— indicators are controlled by a
flip flop consisting of transistors Q17 and Q18, FET
switches Q19 and Q20, and associated components. Diodes
CR6 and CR7 comprise an OR gate, which is enabled if
either VDC or MVDC functions are called, thereby supplying
+5 volts dc to one terminal of each polarity indicator. At
the beginning of the measure cycle, Q17 is triggered on by
the M signal through diode CR11, which turns off Q17,
turns on Q18, and lights the DC+ indicator. If the DVM is
in VDC mode and a positive instrument input voltage is
detected, the polarity detector (located in the A/D converter)
will turn on switch Q19, thereby connecting the MVDC
control line to tH® base of Q17. Since the MVDC control
line is low, Q17 will remain off and the DC+ indicator will
remain on. If a negative instrument input voltage is detected,
switch Q20 will be turned on, which will turn on Q17 and
light the DC— indicator. If the DVM is in MVDC mode and
a positive instrument input is detected, Q20 will be turned
on and, since the VDC line is low, Q17 will remain off and
the DC+ indicator will remain lighted. For a negative in-
put, Q19 and Q17 will be on, thus lighting the DC—
indicator. The decimal point indicators are controlled by
transistor switches Q21 through Q24, which are operated by
the range flip flops 18a and 18b.



356. ANODE STROBING CONTROL. Switches Q31
through Q35 are turned on sequentially by the shift register
signals, A through E, beginning with signal A. The F signal
ensures that the transistors are turned on only during the
second half (display portion) of each period. The output of
these switches controls switches Q36 through Q40, which
apply +190 volts dc to the anode of each readout tube.

3-57. MISCELLANEOQUS CIRCUITRY. The overrange
indicator V1, is operated by transistor Q41, which is con-
nected to the “1” digit of V1. Q41 is controlled by the W
and Y outputs of the 16-state binary counter and is turned
on when the counter reaches a count of 10. The decoder/
driver is a monolithic Binary-Coded-Decimal to Decimal
decoder, which accepts the 4-bit BCD output of the 16-
state binary counter, decodes each digital word, and selects
one of ten decimal output drivers. The ten outputs are
applied to the readout cathodes. Transistors Q29 and Q30
buffer the range flip flop outputs for use in the buffer,
where they control the range relays.

3-58. Power Supply
3-59. The +18 and —18 volt regulators obtain filtered

dc voltage from two full-wave rectifiers consisting of diodes
CR205 through CR208 and filter capacitors C202 and
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C206. The +18 volt regulator consists of differential
amplifier Q209,Q210, driver Q204 and series pass transistor
Q203. The voltage reference for the +18 volt regulator is
zener diode CR219. The —18 volt regulator consists of
differential amplifier Q211, Q212, driver Q213, and series
pass transistor Q214. The —18 volt regulator is referenced
to +18 volt.

3-60. Regulated +18 volts is supplied to the +7 volt
regulator, which constitutes the master voltage reference
for the instrument. It consists of reference amplifier A201,
Q207, Q208, FET switch Q218, driver Q206, and series
pass transistor Q205. Switch Q218 is turned off during
external reference operation to disable the +7 volt reference.
The sample string, consisting of resistors R213, R222, and
R235, is connected to the ladder switches in the A/D
converter so that voltage variations in the ladder will be
held to a minimum.

3-61. The +190 volt regulator is operated from a full-
wave bridge rectifier and filter consisting of diodes CR201
through CR204 and capacitor C201. The reference for the
+190 volt regulator is regulated +18 volts. Voltage variations
are amplified in Q202 and applied to series pass transistor
Q201.

3-19
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Section 4

Maintenance

41. INTRODUCTION

42, This section contains information and instructions
concerning preventive and corrective maintenance for the
Model 8300A Digital Voltmeter (basic DVM only). Main-
tenance instructions for the various options are covered in
Section VI. Preventive maintenance consists primarily of
cleaning the instrument and should be performed as often
as operating conditions require. Corrective maintenance
consists of troubleshooting, calibration, and performance
test procedures, which are designed to aid in maintaining
instrument operation within specifications. Section III of
the instruction manual is an important supplement to the
troubleshooting section, since a thorough knowledge of
instrument theory is indispensable in troubleshooting.

4-3. A calibration interval of 90 days is recommended
to ensure instrument operation within the 90-day specifica-
tions stated in Section I of the manual and a calibration in-
terval of 30 days is recommended for operation within the
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30-day specifications. The performance of the instrument
should be verified in accordance with the performance test
in paragraph 4-18 before calibration is attempted. An in-
strument that does not meet all of the requirements of the
performance test will require troubleshooting and/or cali-
bration.

4-4. SERVICE INFORMATION

4-5. Each instrument manufactured by the John Fluke
Manufacturing Company is warranted for a period of one
year upon delivery to the original purchaser. Complete
warranty information is contained in the Warranty page
located at the front of the manual. Factory authorized
calibration and repair service for all Fluke instruments is
available at various world wide locations. A complete list
of factory authorized service centers is located at the front
of the manual. If requested, an estimate will be provided
to the customer before any repair work is begun on instru-
ments which are beyond the warranty period.

4-1



8300A

46. TEST EQUIPMENT

4-7. The equipment recommended for performance test-
ing, troubleshooting, and calibration of the Model 8300A
is listed in Figure 4-1. If the recommended equipment is
not available, other equipment which meets the required
specifications may be used.

EQUIPMENT RECOMMENDED
NOMENCLATURE EQUIPMENT
Oscilloscope Tektronix Model 547

Tektronix Model 1A1
Tektronix Model P6010

Oscilloscope Plug-In
Oscilloscope Probes

Fluke Model 343A
DC Voltage Calibrator

DC Voltage Source

AC Voltage Source Fluke Model 5200A

Differential Voltmeter Fluke Model 885A

Figure 4-1.  TEST AND CALIBRATION EQUIPMENT.

4-8. GENERAL MAINTENANCE

49.  Access/Disassembly

The following procedure may be used to gain
access to various portions of the instrument.

a. Remove the top and bottom dust covers to gain
access to calibration adjustments and test points
of the basic instrument.

b. If the AC Converter or MV/Ohms Converter op-
tions are installed (see Figure 4-2), remove the
top front panel trim strip and inner guard chassis
cover. Then remove the two converter boards to
gain access to components on the two assemblies,
as well as components on the Logic and A/D
assembly.

c. Remove the buffer board to gain access to com-
ponents on the buffer assembly as well as com-
ponents on the Logic and A/D assembly.

d. Remove the bottom front panel trim strip and
inner guard cover to gain access to the land-pat-
tern side of the Logic and A/D assembly.

e. To gain access to components located on the
External Reference board, (1) remove the MV/
Ohms Converter (if installed) and (2) remove the
External Reference board by removing the three
hex nuts from the main board (bottom side).
which hold down the Reference PCB mounting

studs.

f. Remove the top and bottom rear panel trim strips
to gain access to components mounted on the
rear panel.

g If the Data Output or Remote Control options

are installed, remove the top and bottom dust
covers from the protruding rear panel assembly to
gain access to the land-pattern side of those printed
circuit assemblies.

4-10. Fuse Replacement

4-11. The line fuse is located in a fuseholder mounted
on the rear panel of the instrument. The MV/Ohms Con-
verter contains a fuse, which protects the instrument in the
event ac or dc voltages are applied to the DVM during ohms
operations. This fuse is located on the MV/Ohms Conver-
ter assembly. Correct values for the fuses are as follows:

REFERENCE FUNCTION RATING
DESIGNATION
F1 Line fuse Y% amp, slow-biow,
for 115 volt operation
1/8 amp, slow-blow,
for 230 volt operation
F1 Ohmmeter 1/20 amp Microfuse,
fuse located in MV/Ohms
converter
4-12. 115/230 Volt Conversion

4-13. The Model 8300A may be operated from either
115 or 230 volt ac power, depending upon the connection
of the power transformer primary winding. Convert the
DVM from one type of power line operation to the other
by the following procedure:

a. Disconnect the instrument from the line.

b. Place the 115/230 slide switch, located at the
rear of the instrument, in the position which cor-
responds to the desired operating voltage.

c. Replace fuse with appropriate value (see paragraph
4-11).

9/28/73
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EXTERNAL
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BUFFER

Figure 4-2. ASSEMBLY LOCATIONS

4-14. Lamp and Tube Replacement

4-15.  The readout tubes (VI through V6) and the func-
tion/status indicator lamps are mounted behind the left
portion of the front panel. These components are re-
placed without special tools using the following procedure:

a. Remove the top and bottom dust covers and inner
guard chassis covers.

6/23/72

Remove the top and bottom trim strips on the
front panel.

If the function/status indicator lamps are to be
replaced, perform steps (d) and (e¢). Perform
steps (f) through (g) to replace the readout tubes.

Remove the function/status indicator assembly
mounting screws. Access to these mounting screws
is from the bottom of the instrument.

43



8300A

e. Remove the function/status assembly from the top
of the instrument. After removal of the plexiglas
cover on the assembly, the defective lamp may be
replaced by carefully unsoldering the old lamp,
clearing the holes of solder, and soldering in the
new lamp.

CAUTION!

Use a desoldering tool and exercise extreme
caution to aviod lifting land patterns.

f. To replace the overrange indicator tube or the two
adjacent readout tubes, unsolder the base mount-
ing pins and remove the tube from the top of the
instrument.

g. Replacement of the three lower order readout
tubes is accomplished in the same manner after
first removing the buffer board. If the AC Con-
verter is installed, it will also have to be removed.

4-16. Cleaning

4-17.  The instrument should be cleaned periodically to
remove dust, grease, and other contamination. Cleaning
should not be necessary too often, however, since the in-
strument is completely enclosed with no fans or vents.
Care has been taken in design to prevent leakage, through

the use of high quality insulation materials and through

special attention to component locations. The following

procedure should be adhered to when cleaning the instru-

ment.

a. Remove loose contamination with low-pressure
clean, dry air. Pay particular attention to the front
panel binding posts and binding post wiring.

b. The front panel and exterior surfaces may be
cleaned using anhydrous ethyl alcohol or a soft
cloth dampened in a mild solution of detergent
and water.

CAUTION!
Do not use aromatic hydrocarbons or chlori-
nated solvents on the front panel, because
they will react with the Lexan binding posts.

c. Printed circuit boards can be cleaned by first
spraying with Freon TF Degreaser (MS180 Miller
Stephensen Chemical Co., Inc.) followed by appli-
cation of low pressure, clean, dry air.

4-18 PERFORMANCE TEST

4-19.  The performance test in this section compares the
basic instrument performance to the accuracy specifications

4-4

in Section I of the manual to determine if the instrument is
in calibration. Known dc voltages are applied to the instru-
ment input terminals on each of the three dc voltage ranges
and proper operation of the manual range and autorange
circuitry is verified. The performance test should be con-
ducted before any instrument maintenance or calibration
is attempted. The test is also suited to receiving inspection
of new instruments. The performance test should be con-
ducted under the following test conditions: ambient tem-
perature 25°C +5°C, relative humidity less than 70%.
An instrument that fails the performance test will require
corrective maintenance or calibration. In case of difficulty.
analysis of the test results, with reference to the trouble-
shooting section, should help to locate the trouble.

NOTE!

Permissible tolerances for dc voltage measure-
ments are derived from the 90-day instrument
specifications contained in Section I of the
manual.

4-20. In the following procedure dc voltages are applied
to the instrument at 10% and 100% of full scale on the 10,
100, and 1000 volt ranges.

a. Connect the Model 8300A to the ac line and set
the controls as follows:

POWER ON
FUNCTION VDC
RANGE Manually selected,

as required.

b. Apply each of the input voltages shown in Figure

4-3, in turn, to the INPUT terminals of the Model
8300A. The readout should be as indicated.

INPUT MODEL 8300A

J(V OLTS DC) RANGE READOUT LIMITS
+1 10 +0.9996 to +1.0004
+10 10 +9.9987 to +10.0013
+10 100 +09.996 to +10.004
+100 100 +99.987 to +100.013
+100 1000 +099.96 to +100.04
+1000 1000 +999.87 to +1000.13

Figure 4-3. DC VOLTAGE TEST REQUIREMENTS
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c. Repeat step (b) with negative input voltages. The
DVM readout should be the same as for positive
inputs, except that the polarity indication should
be negative (DC—).

d. Apply zero volts to the input of the DVM and
press the AUTO RANGE switch. The readout
should be 0.0000.

e. Apply 1000 volts dc to the INPUT terminals. The
DVM should range automatically and the readout
should be +999.87 to +1000.13.

4-21. TROUBLESHOOTING

4-22.  This section contains information selected to assist

in troubleshooting the Model 8300A. Before attempting to

troubleshoot the instrument, however, it should be verified
that the trouble is actually in the instrument and is not
caused by faulty external equipments or improper control
settings. For this reason, the performance test (paragraph

4-18) is suggested as a first step in troubleshooting. The

performance test may also help to localize the trouble to a

particular section of the instrument. If the performance

test fails to localize the trouble, the following information
may be helpful. Location of principal circuitry areas in the

Model 8300A basic DVM is shown in Figure 4-4. A detailed
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drawing of the interconnect assembly is shown in Figure
4-5, together with a table of pin assignments. Note that the
terminals on the actual assembly are not numbered; they are
included on the drawing of Figure 4-5 for reference pur-
poses. Figure 4-16 gives test point and adjustment locations
and intergrated circuit orientation.

4-23. Power Supply

424. In this test, each of the power supply output
voltages is checked, using the Model 885A Differential
Voltmeter.

a. Turn on the instrument. FUNCTION, RANGE,
and FILTER switches may be in any position.

b. Connect the voltmeter common to test point
109 (TP 109) and measure the voltages shown
in Figure 4-6. The voltages should be as indicated.

4-25. Fault Isolation - General

4-26. The following procedure may be used to help

isolate a malfunction to a particular section of the 8300A

circuitry. The results of each procedural step, when
applied to Figure 4-7, will indicate the faulty section of the
8300A.

VOLTAGE DC VOLTS
TEST POINT NOMINAL LIMITS ADJUSTMENT
TP 204 +18 +17.98 to +18.02 R234
TP 203 -18 -175 to -185 None
TP 202 +190 +186 to +195 None
TP 205 +7 6.99998 to 7.00002 R222

Figure 4-6. POWER SUPPLY VOLTAGE REQUIREMENTS

READOUT DISPLAY

MALFUNCTION AREA

PROPERLY INDICATES

vDC MV | OHMS | VAC
YES | YES | YES | YES
YES NO NO YES
NO YES NO YES
YES | YES | YES NO
NO NO NO NO

This procedure does not indicate a malfunction

The malfunction is in the -02 option (See Section 6-02 option)

The malfunction is in the Buffer (refer to Section 3 “’Buffer’’ and Schematic 1)
The malfunction is in the -01 option (See Section 6-01 option)

The malfunction is in the A/D converter (See Section 4 A/D converter)

Figure 4-7. MALFUNCTION AREA TRUTH TABLE
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427. STEP ONE. Using a DC voltage calibrator
(Fluke Model 343A), apply +6.3524 volts to the input of
the 8300A. Does the readout display the input correctly?
(Yes or No).

428. STEP TWO. If the -02 option (mv/ohm) is in-
stalled, apply 635.24 mv to the input of the 8300A. Does
the readout display the input correctly? (Yes or No)

4-29. STEP THREE. If the -02 option (mv/ohms) is
installed, connect a known precision resistance of more
than 1000 ohms across the input of the 8300A. Does the

readout display the value of the resistance correctly?
(Yes or No).

430. STEP FOUR. If the -01 option (AC Converter)
is installed, apply 6.3524 volts from an AC calibrator
(Fluke Model 5200A) to the input of the 8300A. Does
the readout display the ac voltage correctly? (Yes or No)

4-31. Fault Isolation - A/D Converter

432. The waveforms indicated in the following proce-
dure are indicative of an operational unit, and provide a
basis for an analytical comparison between proper and
improper indications, that may point to causes for the mal-
function(s). It is recommended that prior to starting this
procedure, a close study of the A/D Converter theory of
operation in Section 3, referenced to Schematic No. 2,
be made, in order to obtain an understanding of A/D
Converter operation.

4-33. STEP ONE. Remove the buffer and the -01 and
-02 options (if installed). Jumper A3 TP6 to A3 TP201
This jumper will place the A/D Converter in the measure-
ment cycle and disable the display storage section of A3.

434. STEP TWO. The output of a DC voltage calibra-
tor can now be substituted for the buffer output signal as
follows:

a. Connect the positive output terminal of the
343A to the input end of A3 R102, and the
negative output terminal to A3 TP109. Apply
+6.3524 vdc.

CAUTION!
Applied voltages greater than + 12VDC may
cause damage to the A/D Converter.
b. If the 8300A display indicates 6.3524 (with the

buffer removed, the function and polarity indica-

48

tors will not be displayed), the malfunction should
be in the Secondary Ladder, Display Storage, or
associated logic. If the display is incorrect proceed
to Step Three.

4-35. STEP THREE. Reverse the polarity of the DC
voltage applied to R102. If the display now indicates
6.3524, the malfunction is probably in the Polarity De-
tector, Plus Gate, or associated Logic Control. If the
display is incorrect, proceed to Step Four.

436. STEP FOUR. Connect the input of an oscillo-
scope (Tektronix Model 547) through a X10 probe to
A3 TP106. Connect the scope input ground to A3
TP108.

a, With 0.0000 volts DC applied to the A/D Conver-
ter input at A3 R102, the scope presentation
should look like Figure 4-8, waveform A. If the
waveform is correct, proceed to step b, If the
waveform is incorrect, the malfunction may be in
the A/D amplifier, or A/D Amplifier Auto Zero
Drive Circuit.

WAVEFORM A

............... IR . SR A A A W

5v/cm [T s SOOI

o -+ -+ -4 <4 + -4 - -+ 4 —

2 ms/cm

WAVEFORM B

Sviem Hre -

Figure 4-8. WAVEFORMS AT TP106
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b. With +6.3524 Volts DC applied to the A/D Con-
verter input at A3 R102, the scope presentation
should look like Figure 4-8, waveform B. If the
waveform does not indicate proper digit informa-
tion (the series of small step increases at the top
of each spike) for the second and fourth digits,
check the sample and hold circuit Q125, C108,
Q124 or logic control gate 1 and gate 2. If the
digit information for the third and fifth digits is
incorrect, check sample and hold circuit Q127,
C109, Q126 or logic control gate 11 and gate 22
for a malfunction.

4-37. STEP FIVE. In the A/D Converter, the circuitry
subsections for the A/D Amplifier, Analog Comparator,
Current Controlled Oscillator, 16-State Binary Counter,
Ladder Driver, and Primary Ladder form a closed loop, in
which, a malfunction in one section will cause improper
operation of all other sections. Troubleshooting this
closed loop requires analysis of the 8300A display, and the
waveforms at TP106 and TP107. The following questions
about these indications may help point to the problem
area:

a. With +6.3524 applied to the input of the A/D
(R102), is the digit information on the spikes of
the waveform at TP106 greater than +7 in ampli-
tude? The digit information must be greater
than +7, since the Analog Comparator requires
an input greater than the +7V Ref. voltage in
order to operate. If this voltage will not go above
+7 check the A/D Amplifier for; possible leakage
paths to ground through Q117 or Q118, improper
operation of A102, or leakage through Q113 or
Q114 of the A/D Amplifier Auto Zero Drive
Circuits. If the amplitude is greater than +7
proceed to Step b.

b. Connect the oscilloscope input to TP107. With
zero volts applied to the input of the A/D Con-
verter (R102), the scope presentation should look
like Figure 4-9, waveform A. Increase the input
to the A/D Converter to +6.3524 vdc. The wave-
form at TP107 should look like Figure 4-9,
waveform B. If the scope presentation does not
indicate the positive going spikes of waveform B,
the malfunction is in the Analog Comparator.
If the waveform indicates the positive spikes of
waveform B, proceed to Step c.

c. With the scope input still connected to TP107,
decrease the scope sweep time to 0.2 ms/cm. The

9/28/73
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WAVEFORM A
- —— —— -P —— ;l —— —— —— —— -
---------- }-----}-----r-----::---------------r----------
S5v/cm -+
Cam- s
2 mv/cm
WAVEFORM B
r— -+ - -+ -r- -I— -+ - ~4 . -
.5 v/cm
2 mv/cm

Figure 4-9. WAVEFORMS AT TP107

scope presentation should be similar to that shown
in Figure 4-10. This is an expanded picture of one
spike from Figure 4-9, waveform B. The number
of sawtooth waves that make up each spike is
determined by the value of each digit of the input
voltage at R102. In the case of Figure 4-10, this
corresponds to the “3” in the input voltage of
+6.3524 volts. An incorrect digit indication at
TP107 may be caused by a malfunction in the
Current Controlled Oscillator, 16-State Binary
Counter, or Ladder Driver Circuits.

Refer to the figure (Figures 4-11 through 4-15) which per-
tains to the suspected section, as indicated by the symp-
toms. Waveforms and logic functions are given for every
significant point. Figures 4-13 and 4-14 are troubleshooting
charts, which are intended to aid in isolating troubles in
the DVM analog and display circuitry. Do not overlook
the possibility of shorts, which can cause certain IC’s to
appear inoperative, or improperly installed IC’s having
pins bent under and/or installed end-for-end (reversed).
Also, under conditions of malfunction, spikes that are

4.9
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.2 ms/cm

Figure 4-10. INPUT DIGIT “3” AT TP107

too fast to be seen on the recommended oscilloscope
(Tektronix Model 547) may occasionally be present. The
logic sections depend upon each other to some extent for
proper operation, e.g., often a non-functioning autorange
circuit will be caused by a problem in a manual ranging
circuit.

NOTE!

Integrated circuit (IC) designations refer to like
numbered devices appearing on the schematic.
They may be located in the instrument by re-

fering to the parts list and accompanying com-
ponent callouts.

4-38. CALIBRATION

4-39.  The basic Model 8300A should be calibrated every
30 or 90 days, depending on the degree of accuracy to be
maintained (see specifications, Section 1), or whenever
repairs have been made. Calibration should be done at an
ambient room temperature of 250°C +5°C. Relative hu-
midity should be less than 70%. Refer to Figure 4-1 for rec-
ommended test equipment. Adjustment and test point
locations are labeled on the top and bottom inner guard
covers. Figure 4-19 shows adjustment and test point loca-
tions with the top inner guard cover removed. Option cali-
bration methods are given in Section 6.

4-40. Preliminary Operations

a. Remove the upper and lower dust cover screws,
but leave the covers in place.

b. Set the 115/230 volt slide switch on the rear panel

to 115 and then connect the line cord to the out-
put of an autotransformer set to 120V ac.

|e-ZERO »le¢—A—>le—B—»}e—C—>le—D—>le—E—»]
GATE 11 ____an
STORE INP. _|
Q12
4.5us —p»| | @—
GATE 2 Q13
ov—
GATES 1, 22 —18V Q14
STORE OUT _I Q15
GATE 4
Note: LOGIC 1=0VDC
LOGIC 0= —18VDC
Figure 411. A/D CONVERTER CONTROLS
4-10 9/28/73
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|e—A—»je—B—ple—C—>le—D—>le—E—»]

Q6
— [@— 4.5us
<— 18V
Qs
Q9
Q10

Note: LOGIC 1=0VDC
LOGICO0=—18VDC

S1

S2

S3

S5

Figure 4-12.  ANALOG STORAGE CONTROL

|e-ZERO-»l@— A—>je—B—>le—C—>le—D —>le—E—»le-ZERO >

IC 3 pin 9—|

F
. 11N 1] Hill 1 [l
IC 6 pin 12 cco
® €) ® @ @
] N S
IC6pin9 ) z
J 1 _I 1 -|- 0 1 || 0
IC 6 pin 6 - Y
1 0 1 0 1
IC7pin9 X
0 0 0 0 (o]
IC 7 pin 6 w

Notes: Example display is 112974. Logic levels are <0.5V for logic 0 &>3.5V for logic 1.

Figure 4-13. COUNTER OPERATION

9/28/73
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DEVICE

LOGICAL TRANSFER FUNCTION

>|

¥

{I’

\v4

.9__

Wi

Tl g 1771

A+B+C = ABC

A+B+C+D+E = ABCDE

>|

>
w
1]

ABCDE = (A+B) (C+D+E)
= AC+AD + AE + BC + BD + BE
AB AB = (A+B) (A+B)

AB + AB = ‘“exclusive or”

4-12

Figure 4-14. LOGICAL TRANSFER FUNCTIONS FOR DEVICES USED IN THE MODEL 8300A.
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DEVICE PIN NO. LOGIC FUNCTION
ICi2 14 1VDC M2 MV
IC10 14 10 MV
IC10 3 100 MS2

IC4

IC15
IC15
IC15

Q39
Q40
Q41

IC17

ab +3VvDC +bMV + 100 + 1000 + 10 MV
+MQ +WXYZ

ab +3VDC + bMV

a+ MV

b+VDC

UPDN+A+F+M

WYZ (1 VDC MV + 10 MV + 100 + M + ab)
1 VDC MV + 10 MV + 100 + MQ + ab

WZA

F
MH (A +C)
MH (B + D)
)

FB
FA

WYy

WXYZ + WXYZ

9/28/73

Figure 4-156. LOGIC FUNCTIONS (Sheet 1 of 2)
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DEVICE PIN NO. LOGIC FUNCTION
IC17 15 WXYZ + WXYZ
IC17 8 WXYZ + WXYZ
Ic17 WXYZ + WXYZ

2
COLLECTOR

”

”

"

Q10 "
Q29 EMITTER
Q30 EMITTER

DH
EH
a buffered
b buffered

4-41.

414

Figure 4-15. LOGIC FUNCTIONS (Sheet 2 of 2)

Turn on the Model 8300A and allow it to warm-up
for one hour.

Basic Instrument Alignment

Turn off the instrument and remove the dust cov-
ers and top front trim strip.

Turn on the instrument and set the controls as
follows:

FUNCTION vVDC
RANGE 10
SAMPLE RATE (as desired)
FILTER IN

Connect a shorting jumper between the HI and
LO INPUT terminals.

Connect the shorting bars at the INPUT terminals
as follows:

HI INPUT to HI SENSE
LO INPUT to LO SENSE and GUARD

Connect the input of a dc differential voltmeter to
TP205 (high) and TP109 (common).

Adjust V REF (+7V) for +7.0000V dc at TP205.

Connect the dc differential voltmeter input to
BUFFER ZERO TP2 (high) and TP1 (common).

Adjust ZERO VDC for a dc differential voltmeter
indication of 0 £20 uV. If unable to obtain zero,
the range of this adjustment may have to be com-
pensated with jumper selection of R13, R14, and
R55 in the A4 Buffer. Before using the following
procedure, however, ensure that the A4 Buffer is
operating correctly.

1. Turn off the instrument and disconnect the
dc differential voltmeter.

9/28/73
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CHECK
POLARITY DETEC-
TOR AND INPUT
FETS Q111,

Q112

WAVEFORM

CORRECT

WAVEFORM
AT TP106 SHOULD
BE —0.1V TO —0.5V
DURING
ZERO
TIME

CHECK
ANALOG
COMPARATOR,
CCO AND
16—-STATE
COUNTER

WAVEFORM
ABOVE +7V
ANYTIME AFTER
ZERO
TIME

CHECK
PRIMARY
LADDER AND
16-STATE
COUNTER

DIGIT READS
HIGHER THAN
INPUT, REST OF
READOUT IS
ZERO

PRIMARY
LADDER AND
16 STATE
COUNTER

CHECK
ANALOG
COMPARATOR

CHECK

INPUT NECES-
SARY BEFORE READ>
OUT REGISTERS
OTHER THAN,

A/D AMPLIFIER
AUTOZERO

CIRCUIT

WITH BUFFER,
AC CONVERTER
AND MV/OHMS REMOVE
PCB’S REMOVED, CORRECT JUMPER RATE CORRE- CHECK
APPLY +12 VOLTS SPONDS TO SAM-
DC {MAXIMUM) TO BETWEEN PLE RATE CONTROL DISPLAY
A/D CONVERTER READOUT TP6 AND SETTING, BUT STORAGE
INPUT, JUMPER TP201 READOUT IS,
TP6 TO TP201
(SEE NOTE)
CHECK
INVERTING
c::::é)'rugon AMPLIFIER,
TECTOR,
NEGATIVE POLARITY DETEC
INPUT
ONLY
DVM
READOUT
CORRECT FOR
ONE INPUT
POLARITY
ONLY
READOUT
CORRECT FOR
POSITIVE
INPUT
CONDITIONS ONLY

RESULT
READOUT
CORRECT FOR CHECK
1ST DIGIT SAMPLE AND
ONLY, REST OF THE,
CORRECTIVE READOUT IS
ACTION

Figure 4-16. TROUBLESHOOTING DVM ANALOG CIRCUITRY

2. Remove the inner top guard cover.
DIFFERENTIAL VOLTMETER A4 JUMPERS
3. Cut jumpers 1 through 3 on the A4 Buffer INDICATION (MV) TO CONNECT
and set ZERO VDC (R47) fully counter-
clockwise. Refer to Figure 4-19 for jumper +5.9 to +4.4 1,2
locations. +4.4 10 +3.0 2
+3.0 to +1.6 1
4.,  Turn on the Model 8300A and repeat step g. +1.6 to +0.1 NONE
+0.1 to —1.3 1,2, 3
5. Note the readout and polarity indication on -1.3t0 —2.8 2,3
the dc differential voltmeter and determine —2-3 to —;'3 ; 3
from the following table which jumpers on —421t0 -5
the A4 Buffer should be connected.
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CHECK
FOR
PRESENCE OF
ZERO
SIGNAL

ZERO

SIGNAL
NOT

PRESENT

CHECK
+5 AND
+190 VOLT
SUPPLIES

FUNCTION VDC

FUNCTION/STATUS
INDICATORS
BLANK

INPUT ZERO VOLTS

MORE
THAN ONE
BUT NOT ALL
READOUT
TUBES
LIGHT

CHECK
1708
OFF-TO-ON
RATIO OF
ZERO

SIGNAL

RATIO

NOT

CORRECT

CHECK
FOR
PRESENCE OF
A

SIGNAL

CHECK
FOR
PRESENCE OF

F

PRESENT
SIGNAL

6-STATE
SHIFT
REGISTER

CHECK
FOR
PRESENCE OF
SIGNAL AT
DARK TUBES
ANODES

Figure 4-17.

6.  Adjust ZERO VDC (R47) for a dc differen- j.
tial voltmeter indication of 0 £20 uV.

7. Turn off the instrument and disconnect the
dc differential voltmeter. k

8.  Install the top guard cover and turn on the
Model 8300A.

9.  Repeat steps g and h.

TROUBLESHOOTING DVM DISPLAY

Apply the input dc voltages given in Figure 4-18
and perform the associated adjustments that pro-
duce the required readout.

Alternate a dc input to the Model 8300A between
0.9999 and 1.0000V dc and verify that the read-
out corresponds. If necessary, adjust the COM-
PARATOR LEVEL control for correct crossover

readout.
i. Disconnect the jumper from between the HI and
LO INPUT terminals. L Repeat steps c through f.
m. Disconnect the jumper from between the INPUT
terminals.
MODEL 8300A | READOUT ADUSTMENT n. :X};;l)ly t}:le d‘;:. input voltage.s given in the following
INPUT (VDC) (DC) able and adjust the associated control for a cor-
responding readout.
+0.0020 +0.0020 A-D ZERO DC INPUT MODEL é300A ADJUSTMENT
+8.0020 +8.0020 +CAL RANGE
—8.0020 —8.0020 —CAL +10.0010 10 +CAL
+4.0020 +4.0020 LADDER CAL 4 —10.0010 10 —CAL
+2.0020 +2.0020 LADDER CAL 2 +100.010 100 100 VDC
+1.0020 +1.0020 LADDER CAL 1 +1000.10 1000 1000 vDC
+0.9995 +0.9995 REMAINDER CAL
o. Disconnect the test equipment and replace the
top front trim strip and dust covers. Calibration
of the basic Model 8300A is complete. Refer to
Figure 4-18. 10 VOLT RANGE CALIBRATION Section 6 for calibration of the options.
4-16 9/28/73
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'1000{«:;9
‘*‘A 16082
\ \ vEea £ {TOP VIEW GUARD COVER REMOVED)
100MV

100 VAC 1 kHz
\ 100 vac 50 k2
{10 VAC 1 kHz
lio vac sokhz
1VAC 50kHz
1VAC 1kHz
{ 1000VAC 20kHz

{COARSE AC ZEROQ, ZERO VDC

P2 |
1000VAC 1kHz

1Kk$2 100 VDC

1 MVAC 50 kHz 1000 VDC

Figure 4-19. ADJUSTMENT AND TEST POINT LOCATIONS
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Section 5

List of Replaceable Parts

5-1. INTRODUCTION

5-2. This section of the manual contains a listing of
replaceable components for this instrument. The first
listing contains a complete breakdown of all the major
assemblies followed by subsequent listings that itemize
the components on each major assembly. An illus-
tration accompanies each major assembly listing to aid
in locating the listed components.

5-3. Assemblies and subassemblies are identified by
a reference designation beginning with the letter A fol-
lowed by a number (e.g., Al etc.). Electrical components
appearing on the schematic diagram are identified by their
schematic diagram reference designation. Components not
appearing on the schematic diagram are consecutively num-
bered throughout the parts list. These components are
identified with whole numbers on the arrow call-out illus-
trations and by index numbers on the grid illustrations.
Flagnotes are used throughout the parts list and refer to
special ordering explanations that are located in close
proximity to the flagnotes.

5-4. COLUMN DESCRIPTION

a. The REF DESIG column indexes the item descrip-
tion to the associated illustration. In general the
reference designations are listed under each assem-
bly in alpha-numeric order. Subassemblies of
minor proportions are sometimes listed with the
assembly of which they are a part. In this case,
the reference designations for the components of
the subassembly may appear out of order.

b. The INDEX NO. column lists coordinates which
locate the designated part on the associated grid
illustrations.

c. The DESCRIPTION column describes the salient

characteristics of the component. Indention of
the description indicates the relationship to other
assemblies, components, etc. In many cases it is
necessary to abbreviate in this column. For abbre-
viations and symbols used, see the following page.

Rev. 1

The six-digit part number, by which the item is
identified at the John Fluke Mfg. Co., is listed in
the STOCK NO. column. Use this number when
ordering parts from the factory or authorized rep-
resentatives.

The Federal Supply Code for the item manufac-
turer is listed in the MFR column. An abbreviated
list of Federal Supply Codes is included in the
Appendix.

The part number which uniquely identifies the
item to the original manufacturer is listed in the
MFR PART NO. column. If a component must be
ordered by description, the type number is listed.

The TOT QTY column lists the total quantity of
the items used in the instrument and reflects the
latest Use Code. Second and subsequent listings
of the same item are referenced to the first listing
with the abbreviation REF. In the case of optional
subassemblies, plug-ins, etc., that are not always
part of the instrument or are deviations from the
basic instrument model, the TOT QTY column
lists the total quantity of the item in that particu-
lar assembly.

Entries in tpe REC QTY column indicate the rec-
ommended number of spare parts necessary to
support one to five instruments for a period of
two years. This list presumes an availability of
common electronic parts at the maintenance site.
For maintenance for one year or more at an isola-
ted site, it is recommended that at least one of
every part in the instrument be stocked. In the
case of optional subassemblies, plug-ins, etc., that
are not always part of the instrument or are devia-
tions from the basic instrument model, the REC
QTY column lists the recommended quantity of
the item in that particular assembly.

The USE CODE column identifies certain parts
which have been added, deleted or modified during

5-1
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ing the production of an instrument. Each part
for which a Use Code has been assigned in the
basic 8300A may be identified with a particular
instrument serial number by consulting the Serial
Number Effectivity List, Paragraph 5-9. Each ad-
ditional option printed circuit assembly has also
been assigned a serial number unique to that part-
icular option. The changes and Serial Number
Effectivity List for these printed circuit board as-
semblies are located in their respective Section 6
option subsection. Sometimes when a part is
changed, the new part can and should be used as a
replacement for the original part.

55. HOW TO OBTAIN PARTS

5-6. Standard components have been used wherever
possible. Standard components may be ordered directly
from the manufacturer by using the manufacturer’s part
number, or parts may be ordered from the John Fluke
Mfg. Co. factory or authorized representative by using
the Fluke part number. In the event the part you order
has been replaced by a new or improved part, the re-
placement will be accompanied by an explanatory note
and installation instructions, if necessary.

5-7. You can insure prompt and efficient handling of
your order to the John Fluke Mfg. Co. if you include the
following information:

a. Quantity.

b. FLUKE Stock Number.

c. Description.

d. Reference Designation.

e. Instrument model and serial number.

Example: 2 each, 177105, Transistors, 2N3565, Q107-
108 for 845AR, s/n 168.

5-8. If you must order structural parts not listed in the

parts list, describe the part as completely as possible. A
sketch of the part, showing its location to other parts of
the instrument, is usually most helpful.

5-2

59. SERIAL NUMBER EFFECTIVITY

5-10. A Use Code column is provided to identify certain
parts that have been added, deleted, or modified during
production of the Model 8300A. Each part for which a
Use Code has been assigned may be identified with a part-
icular instrument serial number by consulting the Use Code
Effectivity List below. However, these Use Codes and
Serial Numbers apply only to the basic configuration. All
parts with no Use Code are used on all instruments with
serial numbers 123 and above. For additional option
printed circuit board changes and serial number assign-
ments, see the respective Section 6 option subsection.

USE
CODE

A 123 thru 1147

SERIAL NUMBER EFFECTIVITY

1148 and on.
123 thru 1226
1227 and on.
123 thru 1495
1496 and on.
1750 and on.
123 thru 2040
2041 and on.

Z O m m g 0w

L]

123 thru 2125
2126 and on.
123 thru 2335
2336 and on.
123 thru 2498
2499 and on.
123 thru 2735
2736 and on.
123 thru 3479
3480 and on.
123 thru 49399
49400 and on.
123 thru 60399
60400 and on.

£ < CcH v w O WO ZZ B R
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pesio| No DESCRIPTION "o |"¥R | partno farviaTvlcone
DIGITAL VOLTMETER 8300A
Figure 5-1
Al Front Panel Assembly 270900 89536| 270900 1
Handle 246306 89536 246306 2
Panel, metal 270462 89536] 270462 1
Panel, plastic 272856 89536 272856 1
A2 Rear Panel Assembly 270918 89536| 270918 1
A3 Logic & A/D Assembly 270793 89536| 270793 1
(Figure 5-2)
A4 Buffer P/C Assembly 270801 89536] 270801 1
(Figure 5-3)
AS Function Display Assembly 270827 89536| 270827 1
Lamp, incandescent, 5v, 15 ma +10% 272476 08108| USASI 7209 | 9 18
A6 Interconnect Board 270819 89536] 270819 1
};, Binding, post, red, HI 275552 89536 275552 2
} i, Binding post, black, LO 275560 89536] 275560 2
J5 Binding post, blue, GUARD 275578 89536| 275578 1
R49 Res, var, comp, 150k +20%, %2w 267930 71450] Series 45 1
S1 Switch, pushbutton, POWER 268680 89536 268680 1 H
S1 Switch, pushbutton, POWER 291526 89536| 291526 1 I
Cover, bottom with feet & bail stand 270926 89536] 270926 1
Cover, Data Output 270629 89536| 270629 1
Cover, Rear Terminal 270637 89536] 270637 1
Cover, top 230391 895361 230391 1
Kit, Rack Mounting 243287 89536| 243287 1
Knob, SAMPLE RATE 190249 89536| 190249 1
Line cord 226100 70903 17258 1 R
Line cord 284174 70903| KHS7041 1 S
Pushbutton, gray 268896 71590] 152304 14
Pushbutton, green 268862 71590 J61993 1
Shorting link 101220 24655]0938-9712 3
Switch actuator 270652 89536] 270652 1
9/28/73 5-3
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R49
190249

J5 | J4
101220

REF |INDEX STOCK MFR TOT|REC] USE
DESCRIPTION MFR
DESIG| NO NO PART NO |QTY[QTY|CODE

A2 REAR PANEL ASSEMBLY 270918 89536] 270918 REF
F1 Fuse, slow-blow, % amp, 250v 166306 71400| Type MDL | 1 | 2

(for 115v operation)
F1 Fuse, slow-blow, 1/8 amp, 250v 166488 71400] Type MDL 1 2

(for 230v operation)
P1 Connector, male, 3 contact 222612 82389 AC3G 1 R
P1 Connector, male, 3 contact 284166 82389 EAC301 1 S
S2 Switch, slide, Line Voltage 226274 82389 | 46256LF 1
T1 Transformer, power 275370 89536 275370 1
TB1 Terminal strip, barrier 276519 71785 | Type 140 1
XF1 Fuse holder 100107 71400 HKP 1 R
XF1 Fuse holder 295741 75915 | 348-6-9-9 1 S

268896
268862 (14 PLACES) J2

5-4

Figure 5-1. MODEL 8300A DIGITAL VOLTMETER (Sheet 1 of 2)
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246306

S1

F1,XF1

A5 A1l

A6
270652

T1

A4

Figure 5-1. MODEL 8300A DIGITAL VOLTMETER (Sheet 2 of 2)
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DESCRIPTION "o || partno farviarvicope
A3 LOGIC & A/D P/C ASSEMBLY 270793 89536| 270793 REF
Figure 5-2
Al | D5-P2 IC, TTL, dual JK flip flop 268441 18324| SP322B 6 |2
A2 |D5P5 IC, TTL, dual JK flip flop 268441 18324| SP322B REF
A3 |D5-Q2 IC, TTL, dual JK flip flop 268441 18324| SP322B REF
A4 |F1-Q4 IC, DTL, dual 4-Input Nand 268383 04713| MC832P 1 |1
A5 |H1-P5 IC, TTL, triple 3-Input Nor Gate 268565 18324| SP370A 3 |1
A6 |D2-R4 IC, TTL, dual JK flip flop 268441 18324| SP322B REF
A7 |D2-R1 IC, TTL, dual JK flip flop 268441 18324| SP322B REF
A8 | F2-04 IC, TTL, dual 4-Input Nor Gate 268557 18324| SP317A 2 |1
A9 |H1P2 IC, TTL, triple 3-Input Nor Gate 268565 18324 SP370A | REF
A10 | F2-02 IC, TTL, Quad 2-Input Nor Gate 268540 18324| SP380A 3 11
A1l | E3-04 IC, TTL, triple 3-Input Nor Gate 268565 18324 SP370A | REF
A12 | E3-02 IC, TTL, dual 4-Input Nor Gate 268557 18324| SP317A  |REF
A13 | C4-02 IC, TTL, Quad 2-Input Nor Gate 268540 18324| SP380A REF
Al4 | 12-Q3 IC, DTL, Quad 2-Input Nand Gate 268375 04713| MC846P 2 |1
A15 | C3-N5 IC, DTL, Quad 2-Input Nand Gate 268375 04713 MC846P | REF
Al6 | H1-05 IC, TTL, Quad 2-Input Nor Gate 268540 18324| SP380A  |REF
A17 | C3R3 IC, Decoder driver, DM/SN7441AN, | 267211 89536| 267211 1 |1
NS8840N

A18 | C3:05 IC, TTL, dual JK flip flop 268441 18324| SP322B REF
A19 | H1-Q2 IC, DTL, triple 3-Input Nand Gate 266312 04713|MC862P-6909| 1 | 1
A101} C2-X4 IC, operational amplifier 271502 12040 LM301A 2 1
A102] F2-X1 IC, operational amplifier 271502 12040 LM301A |REF
A201| G1:X2 IC, reference amplifier [> 1
C1 | D5Qs Cap, mica, 5600 pf +2%, 500v 182873 14655|CD19F562G | 1

C2 | G3Pi Cap, cer, 0.025 uf +20%, 100v 168435 56289| C023B101H-| 2

253M

C3 | F5R3 Cap, mica, 470 pf +5%, 500v 148429 14655| CD19F471J | 1

C4 | F4R3 Cap, cer, 180 pf +10%, 1 kv 105890 71590 BngI{ISIK- 1

Cc5 | F1Q1 Cap, mica, 1500 pf +5%, 500v 148361 14655 CD19F1523 | 1
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REF |INDEX STOCK M
DESCRIPTION MFR FR |TOTIREC| USE
pESIG| NO NO PART NO laTYlaTY|copE
Cé6 D1-05 Cap, cer, 0.0012 uf £10%, 500v 106732 71590 CF-122 1 P
Cé6 D1-05 Cap, cer, 0.05 uf £10%, 500v 148924 72982 5855X5U- 1 Q
5032
C7 H4-Pl Cap, Ta, 6.8 uf £10%, 35v 182782 56289} 150D685X- 1 1
9035B2
C8 C1-N4 Cap, cer, 0.025 uf +20%, 100v 168435 56289| C023B101H- | REF
253M
Cc9 C3-R5 Cap, elect,100uf+50/—10%, 25v 192914 73445 [ET101X025A5] 1 1
Cl10 |H1-P3 Cap, cer, 2000 pf, gmv, 1 kv 105569 71590 | DA140-139CB| 1
Cl11 [HS-04 Cap, plstc, 0.1 uf +10%, 250v 161992 73445 | C280AE/A 1
100K
C101|C1-Y2 Cap, mica, 390 pf £5%, 500v 148437 14655 | CD15F391] 4
C102]C3-Y2 Cap, mica, 33 pf+£5%, 500v 160317 14655{ CD15E330]J 2
Cl103|C1-Y2 Cap, mica, 390 pf £5%, 500v 148437 14655 |CD15F391) |REF
C105 }F3-W4 Cap, mica, 390 pf £5%, S00v 148437 14655} CD15F391)J |REF
C106 | F3-W4 Cap, mica, 390 pf +5%, S00v 148437 14655 CD15F391J |REF
C107 {F3-X1 Cap, mica, 33 pf £5%, 500v 160317 146551 CD15E330J | REF
C108 |G1-T2 Cap, plstc, 0.047 uf +2%, 100v 170449 84171} 1PJ473G 2
C109 |G3-T2 Cap, plstc, 0.047 uf +2%, 100v 170449 84171] 1PJ473G REF
C110 |E2-T4 Cap, cer, 3300 pf £20%, 1kv 106674 56289 C023B102G- 5
332M
Cl111 |E3-T4 Cap, cer, 3300 pf£20%, 1 kv 106674 56289|C023 B102G | REF
332M
C112 |E4-T4 Cap, cer, 3300 pf £20%, 1 kv 106674 56289]C023B102G | REF
332M
C113 |E4-T4 Cap, cer, 3300 pf £20%, 1 kv 106674 562891 C023B102G | REF
332M
Cl114 |F1-T4 Cap, cer, 3300 pf £20%, 1 kv 106674 562891 C023B102G |REF
332M
C115 |F5-X2 Cap, plstc, 0.47 uf +£10%, 250v 184366 73445| C280AE/A 2
470K
ci16 |csy2 Cap, plstc, 0.47 uf £10%, 250v 184366 | 73445| C280AE/A | REF
470K
C117 |F3-V1 Cap, cer, 15 pf:l:lO%, 500v 159947 00656| Type Cl1-1 1
C201 |I14-U2 Cap, elect, 8 uf + 150/—10%, 350v 275792 14655| BR8-350 1 1
C202 }H3-V3 Cap, elect, 250 uf +50/—10%, 40v 178616 73445|C437ARG250] 2 1
C203 |H3-W3 Cap, elect, 50 uf +50/—10%, 25v 168823 734451 C426ARF50 2 1
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C204 |G3-Y1 Cap, Ta, 1 uf +20%, 35v 161919 56289] 196D105X 1
0035
C205 |G1-Y3 Cap, cer, 0.01 uf +80/—20%, 500v 105668 56289|C023B501J 1
103M
C206 |HS5-V3 Cap, elect, 250 uf +50/—10%, 40v 178616 73445 |C437ARG250 | REF
C207 |H3-W1 Cap, elect, 50 uf +50/—10%, 25v 168823 73445 | C426ARF50 | REF
C208 |H3-S4 Cap, elect, 1600 uf +50/—10%, 10v 272732 73445 C4371.2% 4 1
C209 |<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>