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Zero adjust for the AC Option is located on the Buffer Board and is accessable from the front 
panel. Calibration of the assembly is made in the factory prior to shipment and the board may 
be placed in an instrument, the zero adjustment made and calibration checked. It should not 
be necessary to recalibrate the option after installation. 

The block daigram, (Figure 13) is divided into two major parts. A wide band operational re­
ctifier circuit where the ranging is accomplished and a DC difference (or subtracting) amplifier­
intergrator where the rectifier output is filtered and amplified. The DC amplifier also provides 
the low source impedance required by the A-D Converter. 

The operational rectifier circuit consists of an inverting transconductance amplifier and load re­
sistor with feedback around them providing a loop gain of about 5 x 103 at mid band. The feed­
back is changed for ranging with reed relay switches. The input resistor is 1.11 megohms. This 
value shunted by the 10 megohm DC input divider is 1 megohm at the 8300A input. 01 is a 
FET used as a source follower and 02 provides a low impedance guard voltage which is used to 
bootstrap most of the capacity that otherwise would appear from the FET gate to common. 
The first two differential pairs are in a dual inline package. They and 04 and 05 develop the 
gain. 03 and 06 are current sources with such values that clipping due to overload is sym­
metrical. Changes in capacitor charges will be small and amplifier recovery time minimized. 
07 compensates for capacitance losses in the diodes at low levels. A symmetrical half wave 
rectifier placed between the amplifier and load resistor develops equal (+) and (-) DC voltages 
proportional to the amplifier output current. At full scale this current is near 2 mao The two 
outputs have the following wave forms. 
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The DC difference amplifier-integrator filters the waveform and amplifies the DC difference be­
tween them by about 10 times for measurement by the A-D Converter. Three section filtering, 
which cannot be observed on the readout when the input voltage is at full scale and above 100 
Hz. Below 100 Hz a few digits respond to the ripple. At 50 Hz the readout excursions do not 
exceed ±.01% of reading and at 30 Hz are within ±.05% of reading. 09 is a dual FET which is 
used for the input of the low drift DC amplifier. Further gain for the DC amplifier is developed 
by a monolithic operational amplifier to produce a total loop gain at DC of about 5 x 105. 

G. MILLIVOLT/OHMS CONVERTER THEORY (Figure 14, 15 and Schematic No.7) 

As the name implies, the Millivolt/Ohms Converter performs two functions. The use of the con­
verter in the 8300A allows measurement of resistance over five ranges and provides two DC 
voltage ranges in addition to the three ranges offered by the basic instrument. The five resist­
ance ranges are 1 Kn, 100 Kn, 1000 Kn and 10 Mn. The two additional DC voltage 
ranges are 100 mv and 100 mv. As with the basic instrument, the above ranges have a 20% 
over-range capability. Thus the 1 Kn range will accurately read to 1.19999 Kn. 

This converter can be thought of as two converters. One converter is a chopper amplifier which 
provides a DC amplification of an unknown voltage prior to A-D Conversion. Signal gain is 
necessary if a 100 mv signal on the 100 mv range is to provide a corresponding 10V DC signal 
into the A-D Converter. 
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The other converter in the Millivolt/Ohms Converter is a precision current ladder which, in 
conjunction with the Buffer amplifier, provides a known current through the resistor to be 
measured. Refering to Figure 14, a MOSFET chopper is used across the summing junctions 
of an operational amplifier. The signal developed due to the chopping action is amplified and 
presented through a capacitor to a half-wave synchronous demodulator. The Demodulator 
output is sent to a high gain (at DC) operational amplifier connected as an integrator. The 
integrator output is brought to the MOSF ET chopper in a manner to insure negative feed-back. 
An input RC network provides input filtering to prevent beat frequency products at the amp­
lifier output and balanced AC impedances for the chopper. 

The use of the MOSF ET chopper as shown allows the spike developed due to capacitive coupling 
from gate drive to channel to become a common mode signal for a high common mode rejection 
operational amplifier. Balanced AC impedances at the chopper provide cancellation effect of 
the offset current and voltage due to the capacitive spike. The new result is a chopper amplifier 
capable of operating at a fairly high frequency with small voltage and current offsets, and with 
spikes of low enough value to keep the AC amplifier from saturating. The above operation is 
achieved without large adjustments for spike compensation. 

The overall millivolt amplifier can be considered to be a high DC gain operational amplifier 
utilizing potentiometric feedback to provide programmed gains of xl0 or xl00 and very high 
input impedance at DC. The A-D Converter follows the millivolt converter to provide digitization 
of the amplified analog representation of the input signal to the millivolt converter. 

The current ladder is connected to the Buffer and the millivolt converter as shown in Figure 15. 
The inverting terminal of the Buffer amplifier is held very near analog common by the feedbaCk 
connection of the unknown resistance. Because the inverting terminal is held near ground, and 
because the input current to the Buffer is small, the current through the unknown resistor is set 
by the reference voltage (7 volts) and the resistor selected by the range command. For the three 
upper Kn ranges, the output of the buffer is presented to the A-D Converter. Thus since the 
A-D Converter digitizes 11.9999 as full scale, then that voltage must represent full scale on the 
Kn ranges. Simple arithmetic shows us that the sampling currents for the three ranges to be 1 
ua, 10 ua, and 100 ua respectively. 

For the 1 Kn and the 10 Kn range, smaller full scale voltages are used in order to keep load 
dissipation down. Thus, on these two ranges, the millivolt converter is used to amplify the volt­
age across the unknown resistor and present the amplified voltage to the A-D Converter. 

In addition to providing smaller full scale impressed voltages in the lower two resistance ranges, 
the use of the millivolt converter allows a "modified four terminal" resistance measurement to 
be made. The term "modified four terminal" is used because the technique employed requires 
a small current in one of the sense lines that would not be present in a true four terminal 
resistance measurement. The sense current magnitude is determined by the voltage impressed 
on the resistor to be measured divided by Ri. By example, if the sense line resistance is lOn, 
then the error due to the sense current can be computed roughly as follows: 

Error 
10n 

Ri 

lOOn 

1000n 
= 10-4 or 100 ppm of reading. 

If a two terminal reading were made at the 1 Kn level with a 10n resistance in the hook-up 
wires, the error would be about 10,000 ppm. The improvement in performance using a 
"modified four terminal" measurement is obvious. 
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H. EXTERNAL REFERENCE THEORY (Figure 16, 17, 18, 19 and Schematic No. 10) 

The 8300A input terminal for VDC measurements is the input to the A-D Converter and therefore, 
will have a maximum voltage of ±12v with respect to the instrument common, Figure 16. Since 
it may be necessary to connect the common of the input to the common of External Reference 
input and the External Reference output common is instrument common, a means of isolating 
the commons becomes necessary. 

Refer to Figure 17. Switches S1 and S2 are arranged so that when one set is closed, the other is 
open. S1 is closing during a non-critical (the A-D ZERO time) portion of the measurement 
cycle and allowed to charge to the voltage, ER' When 52 is closed, the output of A1 goes to 
ER satisfying the voltage follower. . 

Refering to the circuit schematic, A2 is the S1 of the block diagram, 04 and 05 the switch, 52. 
A matched pair of J-FETS followed by a monolithic amplifier made up the high input impedance 
voltage follower. 08 and R 17 is a constant current source for the J-FET amplifiers. Frequency 
compensation is provided by the C4, C5 and C6. 

The reference voltage is sensed through R 18 from the A-D Amplifier board compensating for 
line drops. Low sense (Reference Common) also comes from the main board. CR7 and CR8 
provide feedback to the voltage follower when the reed relay, S1 is open, keeping the amplifier 
output within 0.5v of the voltage of C8 to control the gate drive for 04. 

C7 forms an RC filter with the input driver giving improved noise performance. C9 provides an 
input impedance to the voltage follower during the time the F ET switches, 05 and 06 are open. 

01 and 02 are gate drivers for the J-F ET switches. Using the reference voltage for the collector 
supply of 02 assures that the gate signal of Q4 never goes positive with respect to its terminal. 
The gate of 05 is clamped to within .2v of common by diode CR6. R 13 limits the current 
through CR6. C2 compensates for the capacity of CR6. 

A voltage of as much as ± 12.0v with respect to reference common will appear at the low terminal 
of EX REF input when the EX REF common is tied to the instrument input common. 

A schematic showing the voltage distribution is shown in Figure 25. The MOS FET's used are 
P-channel enhancement mode devices. A negative gate voltage of 10v or more is needed to insure 
that the transistor is on. Ov or a positive gate voltage turns the transistor off. Refering to Figure 18, 
the upper switch needs a minimum of ~15v to turn on and a maximum of 19v to turn off. The 
bottom switch needs a minimum of -22v to turn on and a maximum of 12v to turn off. 

The MOS FET gate driver is redrawn in Figure 19 showing the peak voltages. When the transistor 
is saturated, CR 1 is back biased. When the transistor is cutoff, C3 charges to 8v because of the 
12v drop across the zener. This voltage subtracts from the collector voltage giving the voltage 
shown. 

When the EXT REF control line is 5v (the EXT REF button pushed) -18v is applied to the 
local Disable line with 010 and Q12. 

Input protection is provided with CR4, CR5 and R 12. 

IV. TROUBLESHOOTING AND ANALYSIS (Figure 20.21,22, and 23) 

1. The following is a list of recommended test equipment that is required to test and calibrate 
the 8300A. If the recommended equipment is notavailable, other equipment which meets 
the required specifications may be used. 
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EQUIPMENT RECOMMENDED 
NOMENCLATURE EQUIPMENT· 

Oscilloscope Tektronix Model 547 

Oscilloscope Plug-I n Tektronix Model 1 A 1 

Oscilloscope Probes Tektronix Model P6010 

DC Voltage Source F luke Model 343A 
DC Voltage Calibrator 

AC Voltage Source HP Model 745A 

Differential Voltmeter F luke Model 885A 

2. An excellent source of synchronization for the Oscilloscope may be obtained by using the 
ZERO signal that is available at TP4 or TP108. 8y proper adjustment of the horizontal 
trace time it is possible to see all of the other timing pulses in their proper relationship. 

3. With the covers and shields removed it is reasonable to expect to see more noise in the output 
as the 8300A is quite sensitive to interference when these protections are removed. 

4. Figure 20 gives the general location of the various sections of the instrument. 

5. Figure 21 locates the various test points (TP) and is a guide to the location and index of 
the logic packs. 

6. All voltage measurements and pulse observations should be made with reference to the 
instrument signal ground which is available at TP3 and TP109. 

7. Figure 22 gives a step by step procedure for troubleshooting the Display section of the 8300A. 

8. Figure 23 gives an excellent step by step procedure for troubleshooting the analog 
circuitry. 

9. Many cases of trouble can be analized from the operation and readout observations of the 
instrument. As examples the following are presented: . 

a. Readout is in error only in the negative polarity. 

It is reasonable to assume that the trouble is located in either the polarity F ET switch­
or in the Inverting Amplifier since these paths are utilized only in the negative polarity. 

b. More than one digit displayed in the readout tubes. 

The Decoder Driver is the most likely source of this trouble. If ground potential is 
supplied to more than one of the decimal lines to the readout tubes, multiple numbers 
will light. There remains the possibility that the Anode Strobing circuits are mal­
functioning. 

c. Only the first digit is displayed, all others read O .. 

It is reasonable to assume that the remainders are not being stored in the Sample and 
Hold circuitry. This can be caused by a failure in the FET switches or a short in the 
storage capacitors. It is also possible that two sign,ificant digits will be developed and 
displayed. 

d. First digit reads higher than the input voltage and all other digits read O. 

Count the pulses from the Current Controlled Oscillator. If correct check the BCD 
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output of the A4 Counter. If the BCD output is correct the Ladder output voltage 
could be too high. . 

e. A large signal of either polarity is needed to cause a reading of other than 0.0000. 

The A-D Auto Zeroing circuit, 0117 and 0118 should be checked. 

f. None of the readout tubes lighted. 

Check the +5 and the +190 volt supplied. 

10. The basic instrument may be checked by applying a 0 to 12 volt DC signal at the input 
to the I nverting Amplifier. This should cause the instrument to display the voltage applied. 

11. By applying a jumper between TP6 and TP201 the instrument can be made to sample 
continuiously. This procedure can be used to locate trouble in the Storage circuitry. 

12. The logic section of the instrument can be broken up into several independent sections for 
trouble analy.sis as follows: 

a. Master Clock 

Check the output of 045, then look for the F, Hand ZE"R'U pulses. 

b. Six State Shift Register. 

Check for the presence of the A, B, C, 0, and E pulses and their inversions. 

c. Check the output of the Current Controlled Oscillator and the BCD output of the 
16 State Binary Counter. 

d. Display readout tubes. 

Anodes and Anode Strobing circuitry. 
Cathode circuits including the Decoder Driver. 
Decimal lines. 

e. Function Indicators. 

+5 volt incandescent lights and associated circuitry. 

f. Sample Oscillator should be checked for output. 

g. Figures C through G and the Picture waveforms attached will be of additional assistance 
in locating troubles. 
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3 

~ 
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CONTlOL y--<~ '\.13 

,000 LINE II lac: 

033 
ellJ 3." 

• 
I 1 

D BJ§ ~§BJ§ D §~ B ~ 
SI' 

, ,00 1000 AUTO IEMC)f 

FRONT PANEL PUSH BUTTONS 

NOTES: 
1. ALL RESISTANCES IN OHMS AND ALL CAPACITANCES 

IN MICROFARADS UNLESS OTHERWISE SPECIFIED. 

2. FLIP FLOP KEY, 

3. 

4. 

.. DENOTES LOGIC GROUND 

* SWITCHES COMPRISING Sl SHOWN IN OFF 

(NON-DEPRESSED) POSITION. 

8300 

• 
,,} 
11 ,. 

d 
.. --1011 .. 
CATCH!I 

, c •• 

-
2 3 ;; , llA/ IIS .. ·3 

r-~2 ib 
Ilb!l 

TOMNGE 
fll'~FLOPS 

~2 lib 14 181 AND lib 

1 
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( 

J Clt14 
a 

• 
·'llC 

,. 
S;; 

7 '11·2 

11 ( 

~ 
J III 12 . \.,. . 

b 

FUNCTIONAL SCHI!MATIC DIAGRAM 

MODEL 8300A 
DVM LOGIC & CONTROL 

SCHEMATIC NO.3 SHEET 1 

SII. 110. 123 , 011 It: 
'PLUK.' .JOHN FLUKE MFG. CO •• INC. 

• '.0.-".7411 Se_nl., W.,hi., .... 91133 
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",vDC 
CONTROL ,------, . ./ 
LINE 

VDC CONTROL 
LINE 

a 

AUTO RANGE CIRCUITRY 

11 

w' .'~-"--

+IBV 

1-----:[-------------; 
\ 1 

CW \ 1 

1 ~~ UO [I ~~~ 27K 
ccw 1 

.... 
3.91< 

R77 
3.'" 

'51 

Q" 

'" 27K 
TP6 

INTERNAL SAMPLE OSCilLATOR 

1 

1 

1 

1 

1 

1 
1 
1 
1 

I 
I 
1 

IEXT 

+5V 

'53 
'.7K 

'80 

'" 

RANGE CONTROLS 
TO IUFFEllo.UO 

,----.-., 

r------->--\. 
fiLTER 
CONT. LINE 

073 
22K 

.1< 

"~ .~ ,~ .~~ 
ANALOG CYCLE CONTROL SIGNALS 

5 
5 

= 0 

~ ~ g 
" " 51 52 53 S4 5.5 

230 MS DELAY 

DC 
CONT, LINE 

'43 

''''' 

EXTERNAL 
TRIGGER 1--...-----, 
INPuT 
FROM DOU 
CONNECTOR 

J3 ' 

.. , 
15K 

'" ., 

'" ISO 

Cl12 

... 
•• 71e 

CONTROLS TO ANALOG 
STO~GE CIItCUIT 
SEE Alo SCHEMIo.TlC. 

+5V 

I 

I 

QII 

QIl 

l:~ 
... 
2.21( 

oS'; t----vVv'---

'" 2.21e 
'~\------------VV\r--

'-.. 

."" 

'" 8.2IC: 

+5V 

.., 
iI.lK 

'SV 

II. 

I."" 

... 
I.S< 

'" 1,,51( 

147 
2.21< 

." 1.51( 

'" 1.5IC 

'" 22K 

·IIV 

~ 

ANALOG CONTROL 

CHANGES: 

-j 
~;i 

'19 
22K 

·Iav 

-18V 

CD 1<84 added at SIN 1750 and on. 

SEE SHEET 1 FOR NOTES 

< 

" I~ ,. ~ 

lllllll 
TO 

ceo 

SVjCM 1---+++-+-+-1 

2 MSfC/CM 

5v/CM I-H-++t---I 

2 MSEC/CM 

!'UNCTIONAL SCHEMATIC DIAGRAM 

MODEL 8300A 

DVM LOGIC & CONTROL 

SCHEMATIC NO.3 SHEET 2 

SII. NO. 123 & ON t-T 
IFLUKEI JOHN !'LUKE MFG. CO., INC • 

• '.0. I ... 142, Sealtle, We,hi"t'." 91133 



~ 195 
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Z ·z 
2 2 
- ~ 

~ 
022 

~ t«: 
,37 

1.2K 

b b • 
SIGNALS FROM 
RANGE fliP flOPS. 
l8a AND 18b 

V6 
OVERRANGE 

A .I b 
l 
-
10 

VI 

J 
L-

LINES 

Z 
2 
~ 

-i: VCC~ 

12 

~'38 
1.2K 

;; 
) 

READOUT TUSES FRONT PANEL 

V2 V3 V' V 5 

IOPT 3 100PTI IV! IOOOJ ~ l 
l l 1 

@THAOUGH ~ DESIGNATE 
ANODE eiRe ITS OF Vt·V6 

I...- - 1- - 1- .--l I...-

10 '0 '0 '0 
LINES LINES LINES LINES 

READOUT TUSES CONNtCTED 
IN PARAllEL TO EACH OF THE 
TEN LINES 

VI to V5 

~ = N ~ ..... "-
. ;" .. ;.. ;. <> 

0 -
16 15 8 9 13 ,. II 10 1 2 

AI 

DECODER/DRIVER 

A 8 C D 041 
3 6 

, • 

~ 
Z Y x W 

O56~ 
820 

CRI6 

~ 

y 

POLARITY SIGNAL 
TO DOU CONNECTOR 

SIGNAL FROM 

DISPLAY CIRCUITRY 

~;m~ ___ ~ __________ --, 
(Sf< SHIFT 'EGISTE' CI'CUIT) C'II 

MVCONT~--~~~-~----------'" 
LINE 

.. 5 '83 

FROM 044 
COLLECTO.r--",--"t< "'::""'-+-1 

MHf----e 
C8 
.025 

-5 8300 

.. 
• roll 

DISPLAY BLOCK ASSEM6L Y 

r------------., 
I 

I OVER I 
I I 

VAC I AC I 
CO NT • s-----7 I 
LINE I 

I MV I 
I Q~ COllECTOR OF 

QI07 OF THE 

~, 
POLARITY DEl.) 
A/D SCHEM. 

DC CO",",. LINE 

W SIGNAL FROM (.118 017 

COLLECTOR OF 
QI06 OF THE 

'6 ' 
MVDC '-
CONT. LINE 

] 
4700 

.- VDC , 
CONT. LINEr 

--""-

C,7 

C'6 

I 
I 
I 
I 
I 

) 

DC-

I 
I 
I 
I 
I 

~~~~~~ST~:~T I 
LAMPS I 

+ POLARITY DEl. 
A/D SCHEM. 

, .. 
4700 

(~ 
+190V 

'82 .62 ~'61 ~~60 059 ?R58 
8200 8.2K B.2K 8.2K 8.2K ? 8.2K 

f 

Qr ~ Qr Qr 4.J 

~ 
035 

@ 
@ 

@ 
k>-
T"" 

~ 
.68 > '6~~ '65 > 064 > '63 

1.2M ;:. '6~~ 1.2M:;: 1.2':; ~ 2.7< 
1.2M 1.2M , 

'8 A 
C05 

\. 

~, f 

ANODE STROBING CONTROl 

KO CONT. LINE 

Mel CONT. LINE 

FILTER CONT. UNE 

EX. REF CONT. LINE 

----

1 

I 

~>--+-~" 

DC. 

I Kll 

I 
~:>-+--7""'\"\ 

I MO 

I 
~,>--+-~", 

I 
I 

1----7'>--+--7"""­

FlU 

EX REF 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I I '---- __________ J 

NOTES; 
I. ALL RESISTANCES IN OtiMS AND All 

CAPACITANCES IN MICROfARADS 
UNLESS OTHERWISE SPECIFIED. 

2 ... DENOTES lOGiC GROUND 

¢Jr ~- ~ 
, 

C D E 

~ 

FROM SHIFT REGISTfIi 

FUNCTIONAL SCHEMATIC DIAGRAM 

MODEL 8300A 

DISPLAY 

SCHEMATIC NO.4 

IfR. NO. 123 & ON r. 
IFLUKel .JOHN FLUKE MFG. CO., INC. 

P.O, 80. 1418 Seottle. Wo~hington 98133 
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"1 : 

Til 

.---- GUARD SHIELD 

" II 
II 

" 

'------GUARD SHIELD 

CD 
250 

A228 
6.81( 

A233 
SI 

TP202 

~---------t---------~------------t----~.,~ 

TP204 

R215 ~ AD 
I.B7K 3.9M 

0209 0210 

A216 
68K 

TP203 

CA212 CR213 CA214 

.'IV~--",,-,,-----'( 

'IIV A219 

3." 

J~200 

+ 
C203 
50 

TPI09 

! 
C211 C210 

+ 1600 + 1600+ 

C201 
50 

-IIV 

,'IVOC 

C209 C208 
1600 + 1600 

Am 
5.6K 

TP205 

A221 
3.741( 

'1V 

8300 

~---, 

I 
I 
I 
I 
I 
I 
I 
I 
I 

1--- .... 
I 
I 
I 
I 

LADDER 
SWITCHES 
(AID 
CONVERTER) 

I 
I 
I 
I 

r--'" I 
I 

~--------------------~-__ ~~~LE ¢ 

)r-----1~----~--_i.5V~ 

-IIV 

A228 
10K 

A230 
42.2K 

I. • DENOTES 11M TCHED SET 

2. ALL RESISTANCES IN OHMsa CAPACITANCES IN 
MICROFARADS UNLESS OTHERWISE SPECIFIED. 

3. <it> DENOTES INTERNAL ADJUSTMENT. 

CHANGES: 
al FOR SIN 123 THRU 1147: 

R211 WAS 5.6K. 
f) FOR SIN 123 THRU 1226: 

R215 WAS 4.22K. 

FUNCTIONAL SCHEMATIC DIAGRAM 

MODEL S300A 

POWER SUPPLY 

SCHIMATIC NO.5 

511. NO. 123 , ON 

IFLUKEI ..... OHN FLUKE MFG. CO., INC. 
, .0. , •• 7U. S •• "I., W •• hi.gl •• "'33 
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"IV 21 ~('-----•• 

·IIV 22 <I!('-----_. 

., Q:::::> K1 CI 
.22 I.IIM 

H' +(----cO/,~~-p--v\IV'--..... --+., 

.,D C2 
.2J-I.5p' 22.« 
1000 VAC 

K2 
20KHZ 

CII 

CO2 

27 

:~~~~LlNU a~~~------~~--~~--~--_t--------.., 

LOGIC COMMON 26+-~~-------4I----<l>-~~--"'.., 

lANGE II SIGNAl 
nOM LOGIC 

lANGE a SIGNAL 
FlOM LOGIC 2' +-----... -+ ....... rv 

SHIELD ------, .. 

.5 

IVAC 1KHZ 

IVAC 50 KHZ 

C29 C3 
3p' ...... ' 

IOVAC 

III 50 KHZ 
C$ 

120' C. 
O.8·10pf .. .,. 

IOVAC 
IIC:HZ 

C2a 
47p1 

C7 ..... 
c. 

9 - 36pf 
l00vAC 

III ""'HZ 

100 VAC 
1 KHZ 

~~n 

.. 
143.1 

CI6 ... 

CI7 
.DI 

lOY ~-41-----------~------' 

". 

CI5 eM 

NOTIS: 

137 
5.U 

•• 125 

... 
40K 

143 
40K 

... 
40K 

ALL RESISTANCES IN OHMS AND AU. CAPACITANCES 
IN MICIOfAItADS UNi..ESS OTHUWISf: SPECIFIED. 

2. ~~~:00':E~.NUNAtlINOICATE MATCHED 

3. c:::J DENOTES RONt PANfl CONfIOl. 

.. 

.. 

.. 
e DENOTES INTEINAL ADJUSTMENT 

¢ DENOTES SIGNAL GIOUND 

+ DENOTES LOGIC GIOUND 

141 
20k 

.­I. 

"IV 

-IIV 

... 
22tC 

ell1 

fI53 
100l COAlSl 
lit:. ZEIO 

8300 

-IIV 

lOY 

I_AC 
1KHZ 

01 
.017 

u 

;>~~""~~-o'" ~. ~:.~ 

t---------------~~~------------_+,,~ 
:::. TO BUFFER 

PIN 44 

CHANGES: 
(DFor SIN 123 thru 999: R12 was 

16.2k 
JOUNCTIONAL SCHEMATIC DIAGRAM 

MODEL S300A 

AC CONVERTER 

SCHIMA'IC NO.6 

Sit. NO. 123 & ON It 
'''bUICE' .JOHN FLUKE MJOO. CO .• INC • 

• P.O . ••• ,411 5 ••• 11., We. hi .. , .... 911:1:1 
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OHMS 

~::'lo-_+-_~ .. 

MVIO 
StoNAL 
LOW 

OHMS 
SENSE 
LOW 

., 

R3B0 
97.6 

II .-

127 
97 ..... 

K7 

•• 

.. 
+lBV 

d 
ICIIIIt 

"' .... 

IOKa 

... .. -
... 
m.1. 

IG 
7D.SlSK 

... 
330K 

W 
7.032JK 

R3 
220K 

Cd 

CII 

.. 
.1IIIIt 

~~ZZ 

+.1\1 

" .... 

.. 
•• 

'" ... 
•• I\I ..... _/VJ>.. ...... 

C, D.' 
... 

1.2' 

... 

... 

MlOII VU' 

QD ... 
UI< ._" 

QI) 
.41 •• • lIIIItn 

QD ... 
'00 •• 0 

CID 
go ... ,. '1IIIIt 

CURRENT LADDER 

CI3 

ol' 

120 
.1IIIIt 

II> 

'." 

C" 

17 

'16 

TO 137 
MLA.TlYllllA1'OI 

co ... 

..._",..,....._ •• 1\1 
123 ... 

Rn 
•• 7 

U 
D. 

... 

+.1\1 

C.7 .... 

f.9f7SK 

II. 
.16 

>VICa 

1+ 
D. 

130 ... 

.\1 
C' '16 
.~ 

+'1\1 

CI6 
0.01 

13. 
"'.731< 

TO 
Q' 
GATE 

•• 

C1 . ... 

lODMV 

". 

137 

"" 

TPI 

us 

"" 

.t1lV/CM 

"' 3.91< 

l000MV 

•• 1\1 

.33 
7TIIK 

MULTIVIBRATOR 

C. . ., 

136 
71 11K 

134 
ZDK 

II. 
49.9K 

II. 
".Ok 

"1\1 

K2 

A )7 
OUTPUT 
TO 0/0 
CONVEIfE! 

oo-----ll.18v 

NOTa. 

I. ALLlUlnANCIS IN-OHMS AND 
ALL CAlACITANCIS IN MK:IOIAU,DS 
UNLESS OTHElWlSE SPECWlID. 

2 • ., DlNOTU LOGIC COMMON 

3" -& IllNOTB •• 0 ..... COMMON 

4. <lD DlNOTES IN1'UNAL ADJUSTMENT 

OO----------~t-'8v 
FACTORV JUMPER 

.NSTALLATION 

L---__________________ +-4-~~~------+.7 

... 
3.Ok 

CIII 

MV 
zrlO 
ADJUST 
>110/0 
SCHEMATIC 

CRn 

el.1 

ClIO •• 

., 

RELAY DRIVERS 

C1Z2 

II 

.. 

+1"INVr 
_>owol ........ 

.. rUNe. VOLTAGr 'lOMf 
LAOOII SU AID SCHEMATIC 

... 
3"Ok 

CHANGES: 
G)For SIN 123 thru 1142: 

C14 was 4700pf. 
0For SIN 1438 and on: 

8300 

-lBV connection added to junction of CR7 & CR9. 
+18V connection added to junction of CR8 & CR10. 
CR9 & CRI0 changed from 6.2V to 20V. 

@For SIN 123 thru 1732: 
R38 was 96.8H 

~UNCTIONAL SCHEMATIC DIAGRAM 

MODEL 8300A 

MILLIVOL TS/OHMS CONVERTER 

sCMIIUTlC NO.7 

511. NO. 123 & ON ff 
IE!.:UKi) .JOHN .. LUKE M .. O. CO., INC. 

• P.O. 1 •• 1421 See"'., W ... d ..... 91133 
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,3 

EXT. REF. CONT. LINE 

FILTER CONT. LINE 

C 

lANGE b 

lANGE , 

POLARITY SIGNAL 
SEE lOGIC SOUM. 

A 

,,0 CONT. LINE 

T 

MO CONT. LINE 

C 

MV CONT .LINE 

0 

VAC CONT.lINE 

VOC CONT. LINE 

ceo 
SEE LOGIC 
SCHEMATIC 

12 

.. 2 
22K 

... 
22K 

'45 
22K 

... 
22K 

QI. 

+5VDC 

W 
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• .e 
2.21( 

GUARD BOUNDARY 

INSIDE GUARO 

III 
I 
I 
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CIS 
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3.9K 
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CM 

I 
I 

oL-__ ,''''''' .. ~ <5K 
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+,voc 

C18 
0.22 

I 
I 
I 
I 

m· 
I.. I T2 

I 
I 
I 
I 
I 

CRIO 

CR9 

Cl1 

.~"'---'-~ 
I 
I 
I 
I 

CRt 1 

Cl8 

@ 

Rt 
100 

~S:======================~~~~~~~.-~ 
.ll, 

I 
I 
I rrm~----------~~~ 

TRIG ~ 
'5V INSID' GU",D >---.t;+~68 m 

LOGIC GND >--'1'1 
I 
I 

):,,~ 

.,V 

IS 
4.71( 

DIGITS COUNTER 

STEEliNG 
FLIP-FLOP 

112 
1K 

C5 

~ .01 

128 
220n 

1. (j) 

2(!) 

8300 

DOU REAR PANEL CONNECTORS 
r " " (CONNECTOR "A"I 

~ ~ ~ ~ ;j '2 !CONNECTOR "8"1 ~ 1 :! ~ 

f f f 
5 5 5 5 

f 0 0 0 0 
N >- " ~ N >- " ~ 

SHIFT R£GISTER MEMORY 

-5V}-.... ----<.-----+----<~----___<l~--+-...., 

F'-+-_+-~~_+-+-_+~~+_4-~~_4~~_+~ 

"-+----<II>---t-+-~-+__+-+_ .... ------' 
s---_+------~~~--_+~ 

y' 

" .' 

+5V TO ell 
CATHODE 

131 
4,71( a 

130 M' 
4.7K 

<D 
M' 

.29 
1.8K 

L-______________________________________ ~ _b 

L-------------------------------------------------------------------------------------------15c 

CHANGES: 
COFor SIN 400 and on: 

C25, 200uf, added. 
~For SIN 123 thru 614: 

R35 was 15k. 

NOTES: 
1. ALL RESISTANCES IN OHMS AND 

ALL CAPACITANCES IN MICROFARADS 
UNLESS OTHERWISE NOTED. 

2 ... DENOTES LOGIC COMMON 
(INSIDE GUARD) 

3. ~ DENOTES COMMON (OUTSIDE GUARD) 
4. • DENOTES SELECTED COMPONENT 
5. ROUTING OF MEMORY OUTPUTS WITHIN THE 

DOU IS GIVEN BY NUMERICAL DESIGNATIONS. 
FOR EXAMPLE, "16-P3" REFERS TO PIN 3 OF 
SHIFT REGISTER 16. 

6. 0 CORRESPONDS TO NUMBERED WAVEFORMS 
GIVEN IN FIGURES 6 .. -4, DOU TIMING DIAGRAM. 

PUNCTIONAL SCHIlMATIC DIAGRAM 

MODEL 8300A 
DATA OUTPUT UNIT 

SCHEMATIC NO.8 SHEET 1 

SII. NO. 123 , ON t7" 
liELUKlil JOHN FLUKE MPO. CO •• INC. 

• P.O. I •• 742. _"Ie. W •• hi ..... 91113 
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a 

b 

C 

8300 

DOU REAR PANEL CONNECTORS 

~----------------------------------------------------------------------------------------------------------------------------------------------------------------~ " 

" 
" 

"4 
2.7K CRio CRt7 

R25 
a. CR29 
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100PII 

"9 
CR204 665K 

10·P10 

10-,4 
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CR25 lOOK 
16-P13 NO.2 

'''·Pit 
021 

CR27 lOOK 

1.-P5 

CR28 

PROGRAMMED ONE SHOT 

~ ~ ::\ ~ :Ii Ig 

:; 

c ... 
:> \;1 

E \;1 g 
Ii" ';:: g 

~ 
1:5 ~ :> 

!it 
:<; . 

~ ~ 
0 :: ~ 0 

~ 2 l! :! l! :! ~ 
CA33 CR31 

CR32 

1\ II 

:~12 1~P12~4-------------r_------------------------------------------------------------------------------__________________ --1 

+-________ -1 ____ ~~-~-~+-----~~-~-~--~----------~~L------'-2--P-12~)============~==================================_--_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-___ -_-_~ __ ~ 

C.JO 
CS 
0.22 

POWER 
TRANS 

FROM {I----
~ ------~ 

C20 
6000 

SEE SHEET 1 FOR NOTES 

FUNCTIONAL SCHEMATIC DIAGRAM 

MODEL 8300A 

DATA OUTPUT UNIT 

SCHEMATIC NO.8 SHEET 2 

511. 110. 123 , ON tt-
IPLUKEI JOHN FLUKE MFG. CO., INC • 

• '.0 . ••• 7421 Seotll_, Washi"I'O. 91133 
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17 FILTER IF 
13 

12 

EXTERNAL 
REFERENCE 12 10 

10 13 2F'>~~--+_-+_------~13 

15>-V~A~C~~IA )c~_+-_+-_+-_+-_+----_, 

14 
Kel 

3 IB 

11 Mel 
II 2E 

10 

+ 5V RETURN 36 »-------l 
OUTSIDE GUARD W' 

+5V INPUT 18»-------.~ 
OUTSIDE GUARD 

5 
4 

OUTSIDE +-- --. INSIDE 

./..-',,--------------..... >-... ----c FUNCTION REMOTE BUSS 

,.:>"-+-----r' FILTER CONT. LINE 

+5V 

REMOTE 

EXTERNAL RANGE 

REFERENCE COMMANDS 

CONT. LINE 

VDC 
CONT. 
LINE 

MVDC 
CONT. 
LINE 

VAC 
CONT. 
LINE 

R5 
180 

Kel 
CONT. 
LINE 

Mel 
CONT. 
LINE 

17 >--,1'---120 X.::---------7j 

TO 2B 

100 
2A 

7~ 10 
12 
13 

NOTES: 

I. ALL RESISTANCES IN OHM; AND 
ALL CAPACITANCES IN MICROFARADS 
UNLESS OTHERWISE SPECIFIED. 

2 •• 

3. vb 
DENOTES LOGIC COMMON 
(INSIDE GUARD) 

DENOTES COMMON 
(OUTSIDE GUARD) 

4. LED DENOTES LIGHT 
EMITTING DIODE 

R8 
180 

OUTSIDE +-- --. INSIDE 

+5V 

+5V 

8300 

"',...-.... +5 VDC INSIDE GUARD 

)I----~T CONT. LINE 

... -------~ RANGE REMOTE BUSS 

TO CONT. LINE 

Q26 

100 CONT. LINE 

Q27 

1000 CONT. LINE 

~28 

FUNCTIONAL SCHEMATIC OIAGRAM 

MODEL 8300A 

REMOTE CONTROL UNIT 

SCHEMATIC NO.9 

SIR . NO. 173 & ON IT 
IFLUKEI .JOHN FLUKE MFG. CO .• INC . 

P.O. BOI 7428 Seattle, Washington 98133 
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NOTES, 

REAR PANEL ,----, 
I I 
I EXTERNAL '":-1 _______ --. 

REFERENCE /' 

I HIGH INPUT 1 ~ 

I I ~;;,W~ o,rt 
I I R24 ~ RIO~>, __ ----.. ___ 6-f-J .. n- 7 

I I ~~:~ 1"--_5K_ .. '~. 1 " ''--1--+---..... -------Q- 4----. 

I 1 RII > ~~uf r- ¢-~ Tl~., 
69~.8K :? 

I EXTERNAL 1 IN.W. ;> 
REFERENCE >:--------.... -J\"~ ,,_ ..... --=+_ ..... 

I MSEC/CM 

(RETURN) IOK-=.-

+18V 

r 

3 '( '( '( KI 

CR3 
C4 -!-

39Opf¢ C6 
Q 33pf .... 

CR7 CR8 

___ ....--+Ir=--I""i.I~ -----------1--;""' ,r ~~~ 
r ~~L~ ,+----------~~~------t---------~--~VA~~----~2 V REF 1, "-=-~ --------- -~ VV SENSE 

C9 ~ ,t EXT REF ~ .047uf < R22 t-----..... ---< 3 CONTROL 
MF R25 LINE 

< 28.7Q 6.10'). 
R20 <;> 

AAA ~ 
R21 
5.6K 

FUNCTION 
'----< 4 DISPLAY 

INTERLOCK 

8300 

L ___ J '-V 
1 LOW INPUT 1 RI2 I12 .1.1 I 

,..-,--,--,...,...,-...,....-y--'-'--'V "--..... "_...1 tF ~~~ 1 ~ Q10 

20V;CM 

+18V 

I. ALL RESISTANCES IN OHM; AND ALL CAPACITANCES 
IN MICROFARADS UNLESS OTHERWISE SPECIFIED. 

2. ., DENOTES LOGIC COMMON 

3. ~ DENOTES SIGNAL COMMON 

4. INAVEFORMS RECORDED USING 10 MEGOHM 
::JSCILLOSCOPE PROSE 

CR4 CR5 
IOV/CM t:t:w::l:j=t=t=t:l~ 

+ 18V -18V 

CRI 

~~OK ~)rQ_3 _--, 

( 
'-.:::.: 

r CR2 CI 
IOOpf 

~, H~ 

R3 
6.8K 

~ 

~ 

-18V 

Rl 
4.7K 

Rl~~ 
33KS 

Q~l_ "IV 
R2 
22K 

-{, 
-18V 

I MSEC/CM 

+19OV 

-18V 

Q8 

Rl7 
43.2K 

Q12 LOCAL REFERENCE H;:-::>""-----< 5 DISABLE SIGNAL 
) TO POWER SUPPLY 
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INTRODUCTION 

The Model 8400A Digital Voltmeter is a five decade instrument with 20% over-ranging. Its main 
frame accepts a variety of analog and systems options that may be installed in the field at any 
time and in any sequence making it possible at any time to convert the instrument into a full 
system multimeter. Options include the AC Converter -01 Option, Resistance Converter -02 
Option, Data Output Unit -03 Option, Remote Controlled Unit -04 Option, DC External 
Reference -05 Option, and AC External Reference -06 Option. 

The 8400A uses the Recirculating Remainder analog to digital conversion technique which 
periodically samples the input and serially digitizes the sample providing a reliable DVM with a 
high long term accuracy and linearity, and outstanding environmental characteristics coupled 
with long term reliability. 

BASIC 8400A 

The basic 8400A measures DC voltages in five ranges with up to 1 microvolt of resolution and 20% 
over-ranging with an 1100 volt overload capacity. A non-blinking read-out contains an in line neon 
tube display showing polarity, over-range digit, and five full decades of digits. The speed at which 
the read-out updates, i.e. the input is sampled, is controllable by a variable Sample Rate Control 
available in both front panel adjustment and remote control operation. A switchable four pole 
filter has true broad band noise rejection that cannot integrate a constant offset error into the 
reading. The filter may be used with all analog options. 

ANALOG OPTIONS 

The AC Converter -01 Option makes it possible for the 8400A to measure AC voltages from 10 Hz 
to 100 kHz with up to 10 JJ.V of resolution with a voltage limit of 1100 volts. A zero control is not 
needed to maintain the extremely low percent of range proportions of the specifications. The 
Resistance Converter -02 Option provides the instrument with seven resistance ranges from 10n to 
10,000 Kn. making it possible to measure resistance up to 12 megohms. With the -02 resistance 
option installed, true four terminal measurements through the 10,000 Kn. range may be made. The 
DC External Reference Option provides four terminal DC to DC ratio measurements with ranges of 
±.01: 1 to ± 100: 1 while the AC External Reference Option provides three terminal AC to AC 
ratio measurements with reference ranges from 1 volt to 100 volts. Systems options such as the 
Isolated Remote Control and Isolated Data Output provide the instrument with complete systems 
interface capability. 

BLOCK DIAGRAMS 

BUFFER (All) Figure No.2 

The Buffer, as shown in Block Diagram Figure 3, consists of an Input Divider which serves to attenuate 
the input. An Amplifier with a switchable gain for millivolt measurements followed by an Inverting 
Amplifier. It also contains the Logic circuitry required for Auto Ranging functions in the DC volts 
mode of operation. 

The output voltage of the Buffer is zero to ± 10 volts inverted. 



8400 

ACTIVE FILTER (Al0) Figure No.4 

The Active Filter suppresses AC noise present in the Buffer output. It consists of a Voltage Follower 
and a Four Pole Filter. The filter may be selected by front panel or remote control. When filtering 
is not selected the circuit functions as a unity gain voltage follower. The output of the Active Filter 
is fed to the A-to-D Converter Assembly. 

A-TO-D CONVERTER (A9) Figure No.5 

The A-to-D Converter consists of an Inverting Amplifier followed by a Polarity Detector and Switching 
system which feeds the A-to-D Amplifier. Display Storage, Sample and Hold, the Analog Comparator, 
the Ladders, and the Inverting Amplifier and Auto Zero Drive circuits are all located on this assembly. 

The A-to-D Converter receives output from the Active Filter, detects the polarity, and switches the 
input FET's in such a manner as to always apply the input voltage to the amplifier in such a manner 
that its output is always positive. The output of the A-to-D Amplifier is connected to an Analog 
Comparator. The Analog Comparator produces current whenever the voltage out of the A-to-D 
Amplifier is above a predetermined level. It suppiies its output current to the Constant Current 
Oscillator in the Logic Assembly. 

Sample and Hold storage is included in the A-to-D Converter Assembly. Remainders of each digit­
izing period are stored alternately on the capacitors in Sample and Hold. When the instrument is in 
the Measurement Mode of operation, Display Storage stores analog values of digitized quantities in 
five separate capacitors. Display Storage consists of seven FET's connected in such a manner as to 
store these analog increments. Ladder Drivers cause the incremental switching in the Primary and 
Secondary Ladder circuits. The Primary Ladder feeds back to the input of the A-to-D Amplifier 
and the Secondary Ladder feeds the Display Storage through a monolithic amplifier. 

LOGIC (A8) Figure No.6 

The Logic Control circuitry contains the Master Clock which produces 666 pulses per second which 
is coupled to a Six State Shift Register which generates the basic digitizing time periods. The Logic 
Assembly also contains the Current Controlled Oscillator which feeds the 16 State Binary Counter 
which translates the output of the Current Controlled Oscillator into BCD format. The Ladder 
Switches are also contained in the Logic Assembly. 

Display Storage control pulses and the Analog Cycle Control pulses are generated in the Logic 
Assembly. These pulses control the various functions of the analog to digital conversion technique. 
The +7 Volts Reference Supply is also located on the Logic Assembly. 

DISPLAY ASSEMBLY (A 14) Figure No.7 

In addition to the seven gas filled display tubes and the Decoder Driver, the Display Assembly also 
contains the Anode Strobing circuitry used to display the digitized numbers in sequence as they are 
developed. Polarity Memory and Function Display are also contained in this assembly. The Sample 
Command Oscillator which controls the Measure and Storage time relationship is contained on this 
board, as is the Range Counter circuitry which provides the autoranging function throughout the 
instrument. Range and Function switches are also mounted on this assembly. 

RANGE DELAY (A2) Figure No.8 

The Range Delay processes switching inputs from the front panel and produces control commands 
for the Range Decoder in the Display Assembly. It also produces UP and DOWN Autorange 
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commands for the Range Counter. The circuit consists of Logic, Range Delay 1 Shot, and a Pulse 
Generator. The Logic circuitry produces control signals for the Pulse Generator and the Decoder 
in the A 14 Display Assembly. A clock signal for the Range _Counter in the A 14 Display is pro­
duced by the Pulse Generator. This clock signal is required for the Auto-range feature. The Range 
Delay 1 Shot produces a program time delay after any range change to allow for settling time of 
the analog signal conditioners which process the input. 

POWER SUPPLY (Al) Figure No.2 

Four separate, but interdependent power supplies are contained in this assembly. A 200 volt 
Anode supply, +18 and -18 Operating supplies and a +5 volt Logic supply. The +5 volts is 
regulated by a reference voltage drop from the -18 volt supply. 

CIRCUIT DESCRIPTIONS 

BUFFER ASSEMBLY (A11) Drawing No. 8400A-l005 

The Buffer consists of four basic elements. Input and Output voltage dividers, Amplifiers, and 
Control logic. The circuit has two operating configurations or modes as determined by the voltage 
selected, a low volts mode and a high volts mode. In the low volts mode, the 0.1 and 1.0 volt range, 
amplification of the input is required. In the high voltage modes, 100 and 1,000 volt ranges input 
attenuation occurs. In the 10 volt range, the input is processed without attenuation or amplification, 
since the output of the Buffer is zero to ±10 volts. The low volt input is applied across current 
limiting resistor R2, through the contacts of Kl to the high input impedance amplifier composed of 
three separate amplifiers - - a dual differential, operational amplifier composed of Q4 and Q5, Ul, and 
an inverting amplifier U2. The output of the amplifier is applied in parallel to the A 10 Active Filter 
and to a gain determining output voltage divider R37 through R40, through contacts of relays Kl and 
K6. In the low volt mode of operation voltage follower U3 is used to boot strap the operational 
environment of the input dual differential pair Q4 and Q5 with the input voltage to increase its 
effective ratio of common mode rejection. Offset voltage present that would cause Buffer output 
with no input, is compensated for by use of two potentiometers, one a coarse DC ZERO which balances 
the basic meter voltages of the input to the differential amplifier Q5 by adjusting the collector current 
ratio; and the second potentiometer Buffer ZE RO which affords a fine adjustment, by applying just 
that amount of known voltage to the base of differential amplifier Q5B, that results in a Buffer 
output voltage equal to zero when the input voltage is zero. Buffer ZERO, which is the fine ad­
justment, is available via a front panel access. 

Overload protection for the dual differential amplifier is afforded by CR1, R2, Ql1, and the current 
limiting resistors previously defined as R 1 and R2 shown on the wiring diagram. Positive overload 
protection is afforded by transister Qll which clamps the amplifier output to 1.7 volts. Negative 
over-voltage protection is afforded by diode CR 1 which clamps the input to -1.7 volts. The 
current drawn during an overload is limited by the total input resistance of 147 K ohms. 

Compensation circuits have been provided to reduce the temperature coefficient of the input offset 
voltage and offset current. Transistor Q2 and the surrounding circuitry, R18 and R19, provides the 
temperature variable base current required by input transistor Q5. Transistor Q3 compensates the 
temperature variation of the basic meter voltage in dual transistor Q4 to insure that the input tran­
sistor Q5 remains at substantially the same bias condition, irrespective of temperature. 

ACTIVE FILTER (Al0) Drawing No. 8400A·l015 

The Active Filter as shown in schematic drawing number 8400A-l 015 consists of a voltage follower 
proceeded by four poles of low pass filtering. These poles attenuate undesirable AC signals which 
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may be present on the DC input signal. Filtering occurs after the F I L T switch has been depressed 
or filtering called for by the remote controlled unit when the instrument is in a systems application. 
A block diagram of the active filter is shown in Figure 4. An Active Filter is used for better response 
time. 

A-to-D CONVERTER (A9) Drawing No. 8400A-1003 

Inverting Amplifier 

Input from the Active Filter is fed to the Inverting Amplifier whose output is connected to the 
Polarity Detector and to the minus input to the A-to-D Amplifier. The Polarity Detector detects 
the polarity and switches 07 or 08 in such a fashion as to always place a positive voltage on the 
input of 020. When the input is positive, FET 08 turns ON and applies a positive input to tran­
sistor 020. Conversely, when the input to the instrument is negative, 010 senses the negative 
voltage and switches 07 which takes the positive output out of the Inverting Amplifier and 
applies the positive output to the input of 020. Thus, input to the A-to-D Amplifier is always 
positive on the" A" side of 020. An Automatic ZE RO drive circuit consisting of transistors 05, 
06, and capacitor C2 has been included. The Auto ZE RO signal also drives transistor 03 to 
turn OFF, thereby removing input to the Inverting Amplifier during the ZERO Offset correction 
time period. The GATE 4 signal is applied to the emitters of 010 and 011 in the Polarity Detector, 
enabling the Polarity Detector only during the "A" digitizing period when the instrument is in 
Measurement Mode. During the remainder of measurement period the plus and minus gates 07 
and 08 are turned OFF and polarity information is retained by the display circuit, Polarity 
Memory. 

A-to-D Amplifier 

The A-to-D Amplifier consists of dual FET 020 and monolithic amplifier U2 and the associated 
components. The offset removal circuit is composed of transistors 023, 024, and capacitor C7. 
Switch 024 is turned ON during the ZE RO time period when the instrument is in Measurement 
Mode. This signal also controls switches 019 and 031 which are turned ON during the ZERO 
time period. 030 which is turned OFF during the ZERO time period to disconnect the Amplifier 
output from the Ladder. Transistor 029 and resistor R54 constitute a clamp which prevents the 
A-to-D Amplifier from saturating when its output is above 7 volts. 

Analog Comparator (A9) 

The Analog Comparator consisting of 032, 033, 034, and 035 is a voltage comparator. Differential 
amplifier 035 compares the A-to-D Amplifier output with a +7 reference and 033,034 
outputs the resultant current to the Current Control Oscillator. Transistor 032 operates 
as a second comparator which responds quickly to high voltage levels, thereby allowing maximum 
time for the resolution of the last pulse. 

The Sample and Hold circuit consists of transistors 025 through 028, and capacitors C9 and 
C10. The sequence of operation is as follows: C9 stores the first remainder, C10 stores the 
second remainder, C9 the third remainder, C10 the fourth remainder, C9 the fifth remainder. 
The remainders are alternately stored and released by the action of the F ET switches 025 
through 028 and the gate pulses GATE 2, GATE 1-22 and GATE 11. 

Ladders 

The Ladders are controlled by the Ladder Switches 037 through 044 which are driven by the 
Ladder Drivers located on the Logic Assembly (A8). The output of the Ladder Switches is 
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applied to two Ladders simultaneously. Each Ladder comprises a four-bit weight resistor 
digital to analog converter. The Primary Ladder consists of resistors R44 through R50 and 
produces an output that corresponds to the actual value of the digital input. The Secondary 
Ladder which drives only the display storage circuits through Buffer Amplifier U3, consists 
of resistors R40 through R43 and produces an analog value that is proportional to the digit 
that has been digitized in each period. A half digit bias is produced by R38 and R39 in con­
junction with the Secondary Ladder's resistors and adds the voltage equivalent of half a 
digit to the output of the Secondary Ladder. This insures proper display storage by compen­
sating for the effects of any possible voltage decay in the storage circuit. 

Display Storage 

The Display Storage circuit consists of FET switches 013 through 037, capacitors Cll 
through C15, and FET switches 012 and 018. The buffered output of the Secondary Ladder 
is supplied to the appropriate storage capacitor through 018, which is enabled during the 
second half of each digitizing period. The first and most significant digit is stored on C13 
and the least significant digit is stored as a ch~rge on C14. These capacitors receive their 
analog charge in Measurement Mode as each digit is initially digitized. 012, the output FET, 
is not enabled until Storage Mode and then places the output of each capacitor on the input 
of the A-to-D Amplifier and as each analog value is redigitized, during the last half of each 
time period, that digit is replaced as an analog charge in its respective capacitor by the action 
of 018. Thus, the same reading is continually digitized and displayed until a new sample is 
taken. 

LOGIC (A8) Drawing No. 8400A-1004 

The Logic Assembly contains a Master Clock and a Shift Register that generate and divide to 
produce the timing functions for the instrument. In addition, it contains the Constant Current 
Oscillator and Binary Counter plus the 7 Volt Reference Supply. 

Master Clock 

The 333 Hz clock signal is produced by transistor 01. The clock frequency is determined by 
the RC time constant of resistor R 1 and capacitor Cl. The output of the Clock is applied 
to the clock input of flip-flop Ul B. The 0 output of Ul B is inverted by 04 and becomes 
the H signal. 

Shift Register 

The 6 State Shift Register consists of 5 J-K flip-flops U3A, U3B, U4A, and Ul A. U2B is 
used to generate the ZE RO pulse which is the first timing period of each cycle of the instru­
ment. When the NAND gate U2B receives all high signals from the A through E lines it pro­
duces a ZE RO pulse. The 0 outputs of the Shift Register supply the A through E digitizing 
period pulses. Outputs from the 6 State Shift Register are also fed to Display Storage Control 
which generates the storage pulses used in display storage in the A-to-D Converter Assembly. 

Constant Current Oscillator 

The Constant Current Oscillator consisting of a multivibrator 01 and 03 generates a pulse 
train whenever it is supplied current by the Analog Comparitor. The pulse train is fed to a 
16 State Binary Counter. The binary output of that counter is fed to the Ladder Switches 
and to the Decoder Driver in the Display Assembly. The truth table for the 16 State Binary 
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Counter is shown in Figure 13. Directly below the 16 State Binary Counter are shown four 
transistors 019 through 022 which are the Ladder Switches and are connected to the Ladder 
Drivers located on the A-to-D Assembly. 

Analog Cycle Control 

The Analog Cycle Control consisting of 011 through 017 and accepts various basic time 
pulses and generates the special pulses such as the GATE pulses, STORE IN and STORE OUT 
pulses. 

+7 Volt Reference Supply 

The 7 Volt Reference for the instrument is derived by using a Reference Amplifier, U9, which 
also encompasses a zener diode reference. Amplifier U10 and emitter follower 025 are 
connected as an operational amplifier which presents a low source impedance at the refer­
ence point. Transistor 024 disables the 7 Volt Reference in the event the user wishes to 
employ an external reference when the required options are installed. Transistor 023 
coupled with the zener diode in the Reference Amplifier produce the +7 Volt Reference. 

DISPLAY (A14) Drawing No. 8400A·1002, Sht. 1 and Sht. 2 

The BCD input from the Counter is coupled to Decoder Driver U4. U4 translates the BCD count 
into a low signal on the appropriate decimal line to the display tubes. Each display tube is pulsed 
ON in sequence with its respective digitizing period by the pulse appearing at the bases of 022 
through 026 which are enabled by the F pulse appearing at 034 which means that the display 
tube can ionize only during the last half of each of the digitizing periods. A 11 through 018 serve 
to light the decimal points in the Display Assembly by the action of the signals coupled to their 
emitters and bases. Polarity Memory circuit receives its information from the Polarity Detector. 
Once having been pulsed, the flip-flop will turn to the appropriate state so that when the C pulse 
enables the base of 09 and 010, whichever is conducting, it can place a low on the appropriate 
sign in V1. 

Sample Command Oscillator 

The Sample Command Oscillator consists of a programmable unijunction transistor, 08, and 
the surrounding circuitry. Resistors R12 and R14 provide a bias level for the gate of the Pro­
grammable Unijunction Transistor (PUT). C3 charges through R 16 and R 17 and when the 
PUT conducts, capacitor C3 is discharged. This generates an output pulse which commands 
the Measure/Store cycle J-K flip-flop U3A located adjacent to the Range Counter flip-flop. 
U3A generates the M and M pulses which control the Measure time. Varying R16 in the 
Sample Command Oscillator will vary the sample rate of the instrument. The ZERO pulse 
fed to the clock input of U3A insures starting the Measure Mode at the beginning of a timing 
cycle. 

If the instrument is ranging, SIGNAL 3 entering the junction of R9 and CR7 in the Sample 
Command Oscillator will disable 06 which in turn disables the Sample Command Oscillator 
to allow time for the analog signal conditioners to settle on the new range before a new 
Measurement Mode is entered. 
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When SAMPLE RATE control is switched to the external position and sampling is initiated 
through the EXTernal trigger, input of the Data Output Unit Option will cause a near ground 
potential to appear on the emitter of 06. Its collector follows causing the gate of 08 to be 
more than .6 volts below the anode and the Programmable Unijunction Transistor fires once. 
If the corresponding sample rate results in a range change, the Range Delay One-Shot Multivi­
brator will disable the Sample Command Oscillator via SIGNAL 3 entering through CR7. This 
means that Measurement Mode may not be commanded until the Range Delay One-Shot 
times out. At the end of this time delay the Sample Command Oscillator is automatically 
retriggered via CR8 and SIGNAL 2 from the Range Delay One-Shot. Diode CR9 and resistor 
Rl0 insure that capacitor C3 will rapidly charge to be ready for the next trigger pulse. SIGNAL 
8 interrupts the Cycle Control Shift Register on the logic assembly (A8) by forcing it directly 
to the "E" digitizing period. This is done to minimize the time between the Sample Command 
to start a Measure Mode and the actual start of that Measure Mode. 

Over Range Driver 

The Over Range Driver is a means of detecting a maximum count of 12 during the first time 
period when the instrument is in its highest possible range. This is done through the action 
of 03, 04, and 05. 03 has coupled to its base the Constant Current Oscillator output pulses, 
to its emitter the UP pulse. The UP occurs on the eleventh count in the "A" time period and 
goes low enabling transistor 03. At the next CCO pulse, which would be the twelfth pulse, 
transistor 03 will conduct enabling 05 and placing the 5 volts on DS5 in the function display 
assembly which will turn on the OVE R lamp. 

04 is a monostable device and requires resetting once it goes into conduction, which is ac­
complished by the following Measure pulse coupled through Cl which differentiates the 
signal and resets 04 turning OFF the OVER lamp. When the Over Range Driver is in its con­
ducting state it produces from the emitter of 037 a SIGNAL 7 which is used in the Range Delay 
Assembly to stop the Range Oscillator preventing the instrument from trying to seek a higher 
range. 02 located above the Over Range Assembly has no application in the Over Range 
function. It is used to accept the filter signal which turns on the Input Filter in the instru-
ment causing 02 to cut off and cause an additional delay in the Range Delay Multivibrator 
so when filter is selected the Ranging Oscillator is operating at a lower frequency in order 
to compensate for the additional settling time required in the instrument. 

Range Counter 

The Range Counter is composed of three J-K flip-flops. Flip-flop U38 has a clocked input 
that is SIGNAL 6. This signal originates in the Range Oscillator and is pulsed with each firing 
of the Range Oscillator. The Range Counter is a divide by 6 counter that provides 6 possible 
binary states for range counting. Five pulses being considered an UP range command and 
one pulse being considered a DOWN range command. Signal 6 applied to the clock input 
of the range flip-flop U38 alters the 6 state of the Range Counter. Transistor 035 is pro­
vided to reset U28 which may be in an unallowed state as a result of initial instrument 
turn ON. The output of U38 is fed back to the clock inputs of U2A and U28 providing 
their input for a proper Range Code advancement. 
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RANGE DELAY (A2) Drawing No. 8400A-l006 

The Range Delay Assembly consists of Gate, a Range Delay One-Shot Multivibrator, and a Range 
Oscillator. The gates allow the specified set of ranges to be obtained which is dependent upon the 
function called. The Range Oscillator generates pulses which trigger the Range Delay One-Shot while 
simultaneously causing the Range Counter to change states. The Range Delay One-Shot prevents 
further ranging for a specified time to allow the analog signal conditioners to settle in the new range. 
This time is variable depending upon whether Filter has been selected or not. 

The gates are U2A, U2B, U2C, U3A, and U3B. Gate U2C and U3A are UP range stops. Gate U2C 
prevents autoranging above the 10,000 range while gate U3A prevents autoranging above the 1,000 
range in the VDC function. Gates 2A and 2B are DOWN range stops. Gate U2A prevents auto­
ranging below the 10 range in the ohms function while gate U2B prevents autoranging below 0.1 
in any function. Gate U3B is the master UP range control and enables the Range Oscillator only if an 
UP range is expected. 

The three inverters Ul D, Ul E, and Ul F coupled with the UP range enable line provide one input for 
UP range control gate U3B. The result is that U3B is enabled for 1.5 milliseconds or the second half 
of the "A" digitizing period of Measurement Mode if an UP range is to be executed. 

Signals applied to diodes CR6, CR7, CR8, and CR10 coupled with the range DOWN enable line 
provide a negative going signal to the range oscillator at the end of the" A" digitizing period in a 
Measurement Mode if a DOWN range is to be executed. 

Range Oscillator 

The Range Oscillator is composed of capacitor C4 and resistors R14 and R18 and transistor 04. 
The output of this oscillator appears at the cathode of 04. 04 is fired discharging capacitor C4 
through R 15 when the gate is about -.6 volts relative to the anode. Thus, 04 is fired to produce 
one output pulse by lowering its gate voltage or by raising its anode voltage such that the volt­
age difference between these elements is .6 volts. The firing of 04 discharges capacitor C4 and 
reduces the anode and gate voltages. Thus, 03 will turn on and force the anode and gate of 04 
to the same potential. 04 turns off and capacitor C4 charges through R14 and R15. If the 
firing potential between the gate and anode of 04 is established, 04 fires again and the cycle is 
repeated to produce the second output pulse. The frequency of oscillations is set by the level 
of gate voltage applied and the charging time constant of R4, R 18, and capacitor C4. 

Control of the gate of 04 is affected by two mutually exclusive inputs. One of these associated 
with the ranging UP and the other associated with ranging DOWN. In an UP range situation, 
the output of U3B goes low for about 1.5 milliseconds during which time the Range Oscillator 
outputs 5 pulses. In a DOWN range situation, the DOWN range enable line goes low. This 
This signal is capacitively coupled by C3 to the gate of 04 causing it to output one pulse. 
Five pulses counted by the Range Counter, located on the Display Assembly, commands a 
transition to the next higher range, while one pulse commands a transition to the next lower 
range. I n either case, the first output pulse triggers the Range Delay One-Shot to allow the 
analog signal conditioners to settle in the new range. 

Range Delay One-Shot Multivibrator 

Transistors 01 and 02 make up the Range Delay One-Shot Multivibrator. A range change 
pulse from the Range Oscillator turns transistor 02 ON and turns transistor 01 OFF, placing 
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the One-Shot MUltivibrator into its unstable state. The RC charge time of combined capacitors 
C2 and C6 and resistor R5 determine how long the One-Shot remains in its unstable state. With 
the filter selected, no current flows through R16 and the time out is about 220 milliseconds. 
When the filter is not selected, the time out is decreased to about 25 milliseconds because of the 
additional current path offered through R16 as a result of the SIGNAL 41ine potential which is 
established in the Display Assembly. The SIGNAL 3 line disables the Sample Command Oscillator 
during range delay time and SIGNAL 2 retriggers the Sample Command Oscillator at the end of 
the range delay time. 

POWER SUPPLY (Al) Drawing No. 8400A-ll00 

The Power Supply consists of four regulating circuits supplying +18 and -18 volt operating supplies, 
a 200 volt supply for display tube ionization, and a 5 volt logic supply. 

The +18 and -18 volt operating supplies are operated from the full-wave rectifiers consisting of diodes 
CR5 through CR8 and filter capacitors C2 and C5. The +18 volt regulator consists of operational 
amplifier Ul and series pass transistor 03. The voltage reference for the +18 volt operating supply 
regulator is derived from reference amplifier U9 and a temperature compensation transistor located 
on the Logic assembly. The -18 volts is referenced to zener diode CR9. 

The +200 volts regulator is operated from a full-wave rectifier and filter consisting of diodes CRl 
through CR4 and capacitor Cl. The reference for the +200 volts regulator is furnished by the +18 
volt supply. Voltage variations are amplified in transistor 02 and applied to the series pass tran­
sistor 01. 

The +5 volt regulator is operated from a full-wave rectifier and filter consisting of CR 1 0 through 
CR 13 and capacitor C8. The reference for the +5 volts regulator is taken from the -18 volts via a 
voltage divider formed by R 14, R 15, and R 17. The series pass element is a compound emitter 
follower composed of transistor 08 driving power transistor 06. Voltage variations which are 
detected by the sample string R14, R15, and R17 are amplified by 07. 

AC CONVERTER -01 OPTION Drawing No. 8400A-l007 

Operational Rectifier 

Input FET 01 functions as a source follower while transistor 02 provides a low impedance guard 
voltage which is used to boot-strap most of the capacity that otherwise would appear between 
the gate and the circuit common. The first two differential pairs are in a dual in-line package U1, and 
together with 04 and 05 develop the required gain. Transistors 03 and 06 function as current 
sources with values such that clipping due to overload is symmetrical. Changes in capaciter charges 
are small and amplifier recovery time is minimized. Transistor 07 compensates for capacitance 
losses in the diodes. 

DC Difference Amplifier/I ntegrator 

The filter network which provides the input to the Amplifier/Integrator consists of a multi­
section RC filter matched in such a manner as to maintain a good Common Mode Rejection. Gain 
for the DC amplifier'is provided by a monolithic operational amplifier U2 with a total open-loop 
gain of approximately 5 times 105 • 
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Range and Function Control 

The converter input and output relays K 1 and K2 are operated from the VAC control lines. The 
range relays K4 through K6 are operated by driver circuitry consisting of NAND gates U4A, 
U4C, and U4D. These range control gates accept the Buffer output of the range counter. U3B 
and U4B deliver the UP and DOWN range stop commands for VAC function through the range 
delay assembly. The NAND gates U3A and U3C deliver the set and reset commands to the 
Range Counter for prevention of illegal or disallowed ranges in the volt AC function. 

OHMS CONVERTER -02 OPTION Drawing No. 8400A-1010 

The Ohms Converter is operated in one of two configurations associated with the functions of Ohms 
and Kilohms. In the Ohms function, the convertor is a constant current source which is connected 
to the terminals on the front panel of the 8400A. In Kn function the Ohms Converter is the 
precision scaling resistor, which, in conjunction with the Buffer Amplifier located in the basic in­
strument, and the unknown resistor produces a voltage proportional to the unknown resistance. 

Constant Current Generator 

Regulated DC voltage is developed by resistors R2, R4, R5, zener diode CR3, Transistor Q 1, 
and operational amplifier U1. The divider string R6, R7, and R8 scales the zener reference 
voltage and applies it to amplifier U2. Range resistors R10 through R16, in conjunction with 
zener CR3, apply a range dependent constant current to the emitter of Darlington pair com­
posed of Q2 and Q3. Fuse F1 capacitor C6 and diodes CR2 and CR4 are used as an over­
voltage protection circuit for the current generator. 

Range Scaling Network 

Resistors R 17 through R22 and relay contacts K 1 A, K2A, and K4 are the Range-Seal ing 
Network. Relay contacts K 1 A and K2A are actuated by range selection. Relay K4 is 
actuated in the Kn function and connects one end of the scaling network to the high 
source terminal on the front panel. 

Relay Drive Circuit 

Range control relay K 1 receives its call commands from the Buffer Assembly, whereas 
K2 receives its call commands from the Range Counter. Function control relays K3 and 
K4 are controlled by transistors Q5 and Q6. Our manual range condition is detected by 
gate U5E which enables gates U5C and U5D to control Q5 and Q6. In an autorange con­
dition, gates U5C and U5D are disabled and function control is transferred by gate U3B to 
RS flip-flop U3A and U3C. Mutually exclusive outputs of this flip-flop in turn control 
switches Q5 and Q6. Gates U4A and U4B operate on the set and reset lines of the RS 
flip-flop to enable an automatic change of function in an autorange condition. 
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I IJ2.21 L _____________________________ _ 

RANGE COUNTE R 
.... cmb 

IJ7·11 I CJ7·7) S; 
IJ5-231 

CRI8 CRII 

R5' 
,CIt 

+IV 

U2A 

R. 
IJ5·2.1 

+5V 
~ 

IJ5-17I 
R48 -
10K 'OK 

+IV 
SIGNAL 
NO.6 
IJ2·9) 

11 

12 

IS 

R53 
'OK 

ZERO 
IJ8-211 

BUFFERED RANGE TO BUFFERIAl1l.0HMS CONVERTER IA'2). 
AND AC CONVERT.ER (A131 ,-______________ ~A~ ________________ ~ 

_ _ _ .J 

S. 
1J5·7) 

R50 

10K 

" 
U38 

13 

+Iv 

+IV 

10 

R'B 
2.7K 

R'9 
'OK 

UJA 

SIGNAL 
NO.7 
1J2·13) 

C6 T 
.01 • 

+,ev 
IJ'3·191 

BUFFER 
ZERO 

M 

IJ11·241 )-__ .... < R.2 o ,OOK 

IZ~~DI 
-18V 

IJ,3·211 
TT 

IJ5·11 

~------~------~vr--~------------~ 
FROM RANGE COUNTER 

CRI R. 

12K 
FILT 
1_) 

OVER RANGE DRIVER 

R56 39 
~~I 

VAC R62 39 

INTLK~' 
R43 39 

VDC t--"\IV'v7 3 

R7 
470 

~-> UK 

__ I ~ 027 

FUNCTION DISPLAY ( ...... ~ 

ANODE STROBING CONTROL .­IJ1-11 

T 
~R3I 

• UK 

DS5 CJ8-~51H---+-~~ ~L ) 022 

y..::==.@ill]~k5~ IJ8-~'I .. +-------+----4----------..j'-l ~ 

,>R37 
UK 

DS6j@C r V' 
I FILT I tJ'. R.5 39 1J8-IOI \ .... 

y..::==<+-==>./. r"1~ FILT '-- 024 Iv) 
~ D .H---+---+---+---4----I-----I---~_r 

IXREFI k' R44 39 IJB-'2r \.... Q25 
~====~==~~ 7~INTREF '-' 

0) 0S8 DISABLE 
R55 39 
n~2 "PUr'B" USED r:.,r 

IS-i!,.R~U, L---< NOT_ IJB-~311k9: 
'---='---+ ~ 1J8-7) 034 

"5 J'S J,5 J'5 P'5 > 
10 9 R.,.> 

~R3I >820 

~ 031 

M 

P15~1 ~' V2 2.7:~ 
+5V + - IC1YGH-++°' -H+-H-++--' 

~",,\I\I'v--...---~----'.Ly...:.:..:....: +IV 6 I ~IiE.~.~.m1 
33K ~ 

R20 ~ 
3.9K : 

VDC C 
1J2·11I1J8-101 

R30 
2.2K< 

(~< 
~ 

R23 

CR' 

R24 

POI~7~~M ~}-<'-0-'9-~-iM ~ 

POI~~.~:~8~~, CR3, 

POL INFO A )----+-f-.f 
IJ9-'61 

033 
R47 

.1. .AI\ 
3.3K 

POLARITY MEMORY 

R33 
.7OK 

C 

";>. R21 > 1.2K 
R27 ';> 
1.2K 

CRIO 

CRII 

016 

R28 

CRII 

. 
F 
R29 
82K 

" 

R31 

430> 

CRI. 
CR -:1: UK 
12 :> ..... -_f-----4-.... 

... CRI3 

Vi 
_ _L 
A Y 

018 

CR2 

CRIS 

> R61 
'> 8.2K 

4 

W~ l~ ____________ ~ 

0123456789 

18 8 13 II I 
15914102 

U4 

6 

~,--------""'V,-----------/ 1J8-3) IJ891 IJ8-81 
1J8-161, 
IJ:,4~/---------------I 

FROM RANGE cOUNTER 

PIN CONNECTIONS 
IC 

+IV COMMON 

IJlY,8f, 
Z _~------------------------------~ IJ8·17) 

NOTES 

I. ALL RESISTANCES IN OHMS AND ALL CAPACITANCES 
IN MICROFARADS UNLESS OTHERWISE SPECIFIED. 

2. .. DENOTES LOGIC COMMON. 

CHANGES: 
UI I. 7 

3. 0 DENOTES FRONT PANEL LOCATION. 
"UNCTIONAL SCHEMATIC DIAGRAM 

0) 0S8 DELETED AT SERIAL NO. 209 AND ABOVE. U2 16 B 
U3 16 8 
U' 5 12 
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n4-11 

...... .... ,. 

.... " 
n ... 
P24-24 

n .. a 
P'24-18 

P24-'. 

P24-' 

.... , 

P24.2!) 

P24·29 

pg·21 

P24.3O 

P24·32 

po . ., 

E STORAGE INfl'UT 
~- _._-- _._._._--------_ .. --------------------------------------------------------------------, 

STORAGE QUll"UT 

51 DISPLA V STORAGE 

52 

53 

54 

50 

POL INfO II 

POL INFOA 

GATE 4 

le 
• .. 

46" 

+18V 
INVERTING AMPLIFIER 

+-- r--1~' 
A.O 

.... .. --.. --+''1' ~ , ~ 
t_CR6 

C, ~~ '.ttf 
-';;S./.}-J ,~ ~. el8JJP' (~CHI 
~A 8y~ -lav 

W (_~"]ot+QQ5---; 

•• 
.O\(~ 

~f 

-Iav 

.. 
4O.JK 

All 
18K 

CO, 

FV ~~ ~l 

CO, 

012 
220 

POLARITV DETECTOR 

all 

A" ". (Pl· A" 
5.6K 

A'. ". 
A" ". ~ 

CA' 

A,. 
220R 

v 

024 
220K 

v-

CA. A TO 0 AMPLIFIER 

.. 18v 

0' 
,0\( 

0" 
'0\( 

J!l R
" ~ 0'11 ~ -CAL 28.S78K V Fl2l R29 C6 33 

"'" 22 1K :;'V , I PF 
014 
20 f0. tm b: ~-, 

V ~ ~;;"';-.J U2 

~ ~~". D? (, ~ f. a'. Lt 
~.~T~0~D~ .. ~'V~T~~-_1-------------------------+_--------------~-0"\I1~~~~-r---r~~t-~-r~~\r, :. • r-er--

'" [>e04 eR5 ~ 
021 "" 

45.3K f 
-18V 

V 

J 

I '£ I -18V 

~ 
~Q23 

'" 15' 

V 

, 

A" .. 

A •• 

18' 

A,. 
UJO\( 

TP 
4 

A" 
200K 

A" 

r1-
A" 
'OOK 

G> 

b 

~ A 5 Cl7 

1.00K ¢ ... , 

0" 'OK 

0" 
""" 

lADDER MITCHIS 

ANALOG COMPARATOR 

r....-. 

·.ev 

002 
'OOK 

063 
'OOK 

.'-t...l 
\...... ~ / ... 
~ '0' 

caM'AA'T~ 
LEVEL ~ ~ t\lV 

... 0 
~.,O\( t~ 

-18V 

QJJcQ t§-

-'IV 

'VV 
0" ... 0,. 

". 

AID AMP 
AU10ZERO DRIVE 

VAEf ~L)_'OJ2 ________ _+_--~-------4 r.'l'_MQ_D_O_U_T~ (-_. ~ _T~ P24-21 R28 SAMPLE AND HOLD ~O"_ 
019...--- ". ,----t----------::::----------, ~~2K 

(_I- ~ Q26 ~-----------------------------------------------------_7 n .. , 

NOTES 

'--G'-TE '---e-A' -CA'+-• .,..--t'1-.c:~)~.1+-e-A17-+---4----r-+-~,..,~,:r,ER~rC-sj .... R37~0----<ir-~-· ,t""A ~","""'~'i~O ·frr~~-~--;:. +-~-., r~--:~--' 
~ VREf '."OK DER SK 

P24-28 

'''·31 ~ 1 
po., 

CR16 1. ALL RESISTANCES IN OHMS AND ALL CAPACITANCES 
IN MICROFARADS UNLESS OTHERWISE SP!CIFIED. 

2. 0 DENOTES INTERNAL ADJUSTMENT 

po., ... , 
P24-t9 

" .. , 
".., 
P24-11 

A" -. ~ 
220K RSS 

f------i +18V 

ZEAO -I8V -rf: ~~ ~2NODIGIT F~----------------' ~ * 7,:~ rAEMAONDEA 
GATE 2 V' 

~(------;s -18V 

~M~TE~S~1.~"~-----------------------------------------------------------------------------------__________________ ~--~----------------J "00", 

GATE 11 ~I!. ~. 1~.15. 1:.2~.2!.~.3!_I 
CHANGES l/"l!l ~._.!~ ...!._~_~ -.! __ ~._ -.! __ J 
0) R65 was 1M 0" SER. NO P24 

123 thru appro)!, 267 CKT I VIEW 

3. 7 DENOTES SIGNAL COMMON 

DENOTES MATCHED SET 

DENOTES MA TeHED SET 

~ DENOTES MA TeHED SET 

8> DENOTES FACTORV SELECTED COM~NENT 

b seE WIRING DIAGRAM fOR CO/ljMCTlONS TO P23 
FUNCTIONAL SCHEMATIC OIAGRAM 

A9 
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FAOM 
TBl·J4TM 

SEE WIRING 
DIAGRAM 

FROM 
TBl·J1TR 

SEE WIRING 
DIAGRAM 

Pll·19 

P11·4 

Pl1·2 

Pl1·14 

Pl1·1 

Pl1·20 

Pl1-8 

Pll·5 

Pl1·7 

Pll-10 

+18V 

INPUT DIVIDER 

HI Q 

RED/WHT KIA A Kl8 

AI 
1M 

V 

K2A~ 
K28 

'3 A3 
910K 

G> A. 
4.45M 

A6 
4.45M 

V 

A7 '4 
899.SSK 

RB 
I. 

0 100v .. 
100 

0 
1000 

AI. 
99.95K 

CURRENT SOURCE 

All 
10. 

R12 
13.7K 

,]A 

01 

-18'.1 

A2 
47. 

C. 
270PF 

A14 
2.61K 

R15 

D> 
02 

+18V 

INPUT BIAS 
COMPENSATION 
NETWORK 

CRI 

011 

-18V 

CR7 

r--:====::----. A28 
®COARSE DC ZER~~_0~/,'AI'~O'~ 

! R21 
I 270K A24 

i G> '_4 h _____ \ 

03 

R2a 
10K 

, CA3 

: 

AMPLIFIER 

A25 

[> 
A2. 

[> 1 A27 

G> 

-·--e-----

R2. 
3.83M 

CR4 CA5 CA6 

~ 
K7B V------+---­

·--------~~-~---------~~-C·R.--~'~ 
BOOTSTRAP 
AMPLIFIER 

-18V 

.. r------~ 

CI 
I00PF 

-18V 

I , 

"lav 

VOC L_---,·,BV 

R34 
3.3K 

A3a 
22. 

INVERTER 

V 
FILTER IN 

A31 .7C A----------"t------~ '"·16 
22. 

C4 
+18V 33PF 

A32 
470 

.,C 

V 

"0 

GAIN DETERMINING NETWORK 

0 

'6 V [Y 

CO 
..,.... 0.1 

0 
IV 

[Y 

• R36 
eN 200 

R36 
90K 

R37 

9K [Y 
R38 
20 

R39 

" 

<6V I C=;'l1.6 
Pl1·3 

+18V " 

-18V i 
t-------7) '"·17 
~------~) '"·18 

! +------------'7) '"·1' 

F ,o.11 

Pl1·12 

R41 

499' BUFFER ZERO 
t---~V\/\r----------? Pl1·24 

R40 
1 

" 
Kl CONTROL 

r-----}-~--------~.-------------------------------------------_7) Pl1·" 

1-1 

R42 
IK 

.!Ill 
b' 

" 
CHANGES 

" 
b' 

(2) SEA. NO. 123 THRU 272 

CR. CV SER. NO. 273 AND ABOVE 

K6 CONTROL 

'5V 

'5V 

~ 
~ 

NOTES 

2. 

ALL RESISTANCES IN OHMS AND ALL CAPACITANCES IN 
MICROFARADS UNLESS OTHERWISE SPECIFIED. 

\] DENOTES SIGNAL COMMON. 

.. DENOTES LOGIC COMMON. 

D> DENOTES FACTORY SelECTED COMPONENT. MAY NOT 8E INSTALLED. 

b- DENOTES MATCHED COMPONENTS . 

[y R35. R37, and R39 ARE DIVIDER SET. 

o DENOTES INTERNAL ADJUSTMENT. 

G> R5, A6, R7 and R10ARE DIVIDER SET. 

/--------------- -----..... 1 

: I 

: I 

: : 
: 0 I 

1 0>2 [5 i 
I I 

j [$3 G> i 
I R21 I 
: 27OK~4 ~ : 

: V V I 
'-~ ~ 

RELAY . , 
'2 

.3 

.4 
K5 

<6 

• 7 

I 
I 
I +-----+---11 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

d 
I 
I 
I 
I 
I 
I 
I 

I COARSE DC ZERO J 
\, _______ e ______ / 

BUFFER RELAY lOGIC 

VOLTAGE RANGE 

LO HI 

0,1 1.0 10 100 1000 . . . 
· · · · . . · · 

• INDICATES RELAY ENERGIZED 

FUNCTIONAL SCHEMATIC DIAGRAM 

All 

BUFFER 
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P2-4 

" 

P2 -I' ~ UIC i 

P2 -12 ~ UIB b 

P2 -10 ~ UIA C 

12 13 
~ UlF 

10 11 
--v UIE 

9 a 
UID .~ 

1 
a 

I 2 12 
b 

I 
U2C t-' 

<; 13 

3 
b 

I • 6 

0 I 
U2A 

/. 
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P2·19 

g , 
'> I Al 10 k a 

220 
, 

I 
U2B 

11 

, ~ 

TP 
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VAC 

+5V 

CR12 
P2-2 A2 

22K 

Aa 
P2·' P2-3 27.4K S , 

" .. 03 

Al0 I CAl1 
.7K :}; 

A12 

10K '> 

-----------
(0 +5V '1 
1 I 

1 uP: 
~~ AANGE I 

I ~ADJ I 
: AIS < I 
I 10K I 
I I 

: AI. > I 
I 16.9K? : 

\ ) 
,---- b--

C4 

H ·Ol 

.A . 1\ CA9 (-( --'. 

1----------" 
~ <2) +SV : 
I I 
I I 
I I 

AI' 
21K 

I 
I 
I 
I 
I 
I 
I 
I 
I 

\ I 
'----b-------/ 

N~~~~------~---~l--~ 

g '> :~K ~;K ~ ~~ ~ 
Cl C5 

M 
ci 
Z ci z ? A16 A9 

5.1< 1 lS.4K < 

'vv ....-- G T 

L _____ -f_~_d_~ __ ...... t--------0.."..+D'A 0 

0.025 200 

F t1 

A 

M 

i 

P2·11 

C 

A. 
27K 

I/' 

CAl 

b 

VDC 

C23_3 .... _________ -1 
CR10 

DN 
P2-24 

Ai 
CA6 

P2·23 

M 
CA7 

P2-20 
MY 

i'y CAa 

P2·1S 

P2·6 

r------------------S-,G-NA-L~) P213 

NO.7 

~ a 

13 ------, , 
i P2·8 I 
I I 

11 I I i:ls'[ I CR4 I 
I I 
I I 
, b 
I , 

1 

2 6 
4 U3A 
5 

CA2 

/-------- --------/ 'c-----------_" 

r 0) T Il 
I I 
I I 
I I 
I I 

: : 
I I 
I I 
I I 
I I 
\ \ 
, ________________________ --______ 1 

CHANGES 

C3 
0.025 

lJ 
A13 < 
36_5K ~ 

A15 
~ 220 
:(> 

• 

+5V r-I------j) P2-15 

NOTES 
1. ALL RESISTANCES IN OHMS AND ALL CAPACITANCES 

IN MICROFARADS UNLESS OTHERWISE SPECIFIED. 

2. +" DENOTES lOGIC COMMON 

3. 0 DENOTES INTEANAL ADJUSTMENT 

r----r----
PIN CONNECTIONS 

Ie 
+5V COMMON 

UP ENABLE 
1 
VAC 

o SERIAL NO. 264 AND BELOW 

CD SERIAL NO. 265 AND ABOVE 
P2·7 

ON ENABLE 
P2-17 

Ul 14 

U2 14 

U3 14 

FUNCTIONAL SCHEMATIC DIAGRAM 

A2 

RANGE DELAY 
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P\3-IO 
( FILT 

VAC 
P13-8 

VAC INTERLOCK 
P13-9 

P13-19 ( ,'+18Y 

P13-17 ( 

~ 
P\3-21 ( 1-18V 

PI3-S ( I +SV 

VAC ON ENABLE 
PI3-23 

VAC UP ENAILE 
P13-1 

P13-14 if. 

PI,-\3 50 

P13-7 ( + 
ii 

P\3-IS 

.' CRII 
P13-2 

PU-6 
a' 

P13-3 
b' 

b' 
P\3-U 

c-
PU-16 

c' 
P13-4 

CRI4 CRI3 

TO TIl 

CRU 

I Kl A I 

INPUT ~ - - - - ..I 

LO I C2 R9 49.9K 
0.211-1.5PF 

{
~--i 

~ 
K2A 6-----------.---------C~R*I-----i 

CR2 

K3 
fY'V"Y"'\ 

KI 

K2 

K4 

CR7 

KS 

CR8 

K6 

CR9 

HII 
590 

r 

L 

K4 

KII 

KIA 

11111 
12DK 

H21 
40.2K 

C3 o .B-IOPF 

R4 
29.53K 

CS 
12PF 

R6 
2.S73K 

HU 
15K 

o 

7 

C4 0.8-IOPF 

o 
C6 150PF 

3 

IY 1KHZ CAL 

lOY 1KHZ 

lOY SOKHZ 

100Y 1KHZ 

100Y SOKHZ 

CI7 

~0'01 

H27 

H22 
40.2K 

_IIV 

21.5K .-________ .. 

IC 
PIN CONNECTIONS 

+IIY CO""ON 

U3 14 7 

U4 14 7 

CRS 

NOTES 

~26n 
0. 47 1 CII6 

K3R 

AS7 

1139 
130K 

1143 
UOK 

1.702K K31 

1138 
125 

lC2s 
~o~ 

CIIIII 

1150 '>o ..... ---'V\.f\r .... 
lOOK 

AC ZERO 

-18Y 

6 

1147 
IDK 

H41 
100 

I. ALL RESISTANCES IN OH"S AND ALL CAPACITANCES IN "ICIIOfAIIADS 
UNLESS OTHEIIWISE SPECIfIED. 

2. ¢' DENOTES SIGNAL COMON 

3. .. DENOTES LOGIC CO""DN 

4. 0 DENOTES I NTEIINAL ADJU8T"ENT 

5. [P> THIIU D> DENDTE8 "ATCHED SET. 

6. - - - - - - GUAIID SHIELD 

D> 

l1li1 
•• IK 

K21 " 

C24 0.0047 

~ 

FlLT IN ) PIS-12 

FUNCTIONAL SCHEMATIC DIAGRAM 
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EXTERNAL 
REFERENCE 
INPUTS 

N:. 

110 
8.2K 

CIO 
4.1 

~f-

RlS .(> > 118 > 111 

120K <- 11K '> 11K 

CI2 CIS 
500l'f soorf 

..AAA .,- ~\ .A 

iii.· lID· 
41 41 

CI3 

II 8 r--------, 
.9 1 f? (~II 

r2.f-..J ~ & L_ 

?III 
~ 120K 

CR5 CRI 

5 --, 

P'&3 ( HI 

RI G> I I CI4 
CI 1.11" I QI I UI I 4.1 

0.22 100V 50KHZ C I rt----i 
K2A ~ t-"1fr---0-'V:'V='V~9-K ...... --tv::::"-L:="_--I __ -+-_--l. ~~!-;---<p--_2-'1:f?H~ ~: I . ~A 

.. "'''' !~~,-----+---+----, ....... ..r~V·14 ;23 
0.2~~.5PF L ______________ -.J 82.5K 

P'&4 ( LO 
9 CII 

K2B 
~ 

CI2 

P'&' ( 

1 ~7 
TO GUAR D 
CHASSIS 

EXT REF 
P4-18 t---------------------, 

DC XREF DEFEAT 
P4-5 

VAC 
P4-14 

VDC 
P4-13 

I NT REF 
DISABLE 

P4-24 

P4-21 R5 

I VAt 
---------------------+~--, 

CR' 

10 VAC 

..........0 

100VAC 

Dtxii'lF 
ONLY 

CRS 

CRIO 

r;:A Q8 

--~-+--j-H~ ) 
CR8 

R50 
430 <- CRI I 

<; 
2 "-"1 10K CRI4 

QIO_. 

..A 
10 

1121 
Q2 40.2K 

r;; 
~ 

III 
590 ";-

< 112 

~ 10K 

---------, 
I I 

DC XREF 

, 3 

<:113 > 15K 

R2 267K 
A 

v 

R14 
> 84.5K 

...... R31 > 10" 

1 CIS 

~ 50 

+18V 

< R30 

BIAS ~IOOK 
YO~~~GE 0 

r;---.. 13 I 
V 2K,lA 0 

C9 
3PF 

v 

IV 1KHZ 

R27 <- 21.5K 

< 

< R29 
~ 1.21K 

R31 
1.IS6K 

lCI7 

~0.01 

-18V 

DC 
ONLY 

CHANGES, 

.I~V 

0) SWITCH SIC ADDED SER. NO.'S 
123.125.128.131.133 AND ABOVE. 

.. 

142 lOOY 1KHZ 

I" 141 10K 

.J\~ -'\, >r 

0 
C23 

0.033 HI SENSE 

t--------..... -_--<I"~ '4-23 ~ 
[Y 

KIA 

CRI3 CI12 
139 140 R41 
130K I3DK 4DK 

"v ~ vAty 
CI9 I c2I11 

~~ ~~ 
143 144 R46 
130K 130K 40K 

NOTES 

R32 
IOu" 

+18V 

ZEIO 

-liv 

NOT 
USED 

,I-' _.5_V_-+t ... ___ ~: P4-15 

• - P4-16 

I. ALL RESISTANCES IN OH"S AND ALL CAPACITANCES IN 

'> R3B 
? 125 

HICROFARADS UNLESS OTHERNISE SPECIFIED. 

2. .q DENOTES SIGNAL conHON. 

3. ... DENOTES LOGIC COHHON. 

4. 0 DENOTES INTERNAL ADJUST HE NT • 

KIB 

5. D>-
~ r M."" .,_, on 

FUNCTIONAL SCHeMATIC DIAGRAM 
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~IUO 
of 

02 
12K 

R7 

~ 
0.' 01 22~ 

~ ~o 
'Vv 

LJ 
ZUO RI2 IRio~ "> RI3 

VV 2.2" :- 22K 
HI C5 
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H2 S 
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22K CR4 

..J ,A 
-18V 
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,~ 

HI 
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C6 
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F\ 
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C4 
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CRI CR2 .., 
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IK 
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» RI6 cV 
:;. 1.54K 

~ TP 
H20 SK 2 

0 ,A .> :~~5K 
2V CAL 1 R21 

C8 
220Pf 

> RI7 II 

~b fb 
'> RIB S R22 

215K 215K 
-IBV 

~ 2 7 
UI 6 

3/B 

C9 
33PF 

C7 
Lj 

220Pf 

08 r tv -------
~ 

~f- - - - - - - - (.-J 
CR7 

g7 

::. :~~6K 

< R23 
<;, 140K 

-18V r 
R32 
100"A 
VV 

j -\IV 

NOT 
USED oSV 

TP 
8 

~P3-IS 

~P3-1& 

.200V l , P3-13 ) 

KI~ 
VREF 

1\ 

CR8 CR9 

R28 
12K 

v 

CRIO 

"'~j CRII 

CRI2 ~ KI 

R27 
IK 

" 

NOTES 
I. RLL RESISTRNCES IN OHMS RND RLL CRPRCITRNCES 

IN MICRDFRRRDS UNLESS Q'HERWISE SPECIFIED. 

2. V DENOTES SIGNRL COMMON 

3. .. DENOTES LOGIC COMMON 

4. o DENOTES INTERNRL RDJUSTMENT. 

5· 1 DENOTES FACTORY SElECTED PRRT. 

r 
) P3-24 

.18 } ) 

HI SENSE 

DC REf 
DEFEAT 

EXT REF 

INT. REF 
DISABLE 

CRU 

~ 
) 

LO SENSE 

FUNC 

DC 

P3-21 
P3-22 

P3-2 

P3-19 

P3-6 

P3-14 

P3-23 

P3-1 

P3-20 

TlONAL SCHEMATIC DIAGRAM 
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r------, ,", CRI QI 

I TB2·J4F )--t'--r~' ..;'---401----... ---------r(" 
'ip : : 
: TB2·J3F )"'--1'i-..i~' "';:r, 
1 '\r' 
: TB2,J2F )>--:i---.J-l ______ .J 

SEe NOTE 4 

CI· 
160 

CR3 

R2 
10K 

C3 
33PF 

R6 ., 619K 

0 100000 

R7 
RDJ 

R8 
1K 

ZSK cw 

R5 COURSE RDJ 

9S3 

R9 
10K 

U2 

10000 

RI6 
62K 

Q3 

r-~~10~00~0~K------~~----------------~~~----------------t------1PIZ-4 

RI7 
Z5K 

RI8 
6.987n 

CRI4 

RZ3 
100 

RI9 
IK 

[

K4 

"'-_*, _ ... _________ H_' .... ( TB'.J3TF 

RZI 
100 

IC 
PIN CONNECTIONS 

.svoc CO "nON 

U3 14 7 

U4 14 7 

US 14 7 

L-_____ ~-------------~-----~---~------------------~----_________ ~--_-~~--------------~LO~(TB'.J3TR 

PI2-14L----< -----_ 

P12-17 I f 
CR6 

~ 

" " CR7 

P IZ-20 

P12-18 

PIZ-16 

P12-10 

PtZ-15 

P IZ-ZZ 

PIZ-Z4 

ON 

b' 

"i' 

iic 

SC 

?O 

0 

" 

PIZ-I t1 PIZ-ZI y 

PIZ-19 
/ c· 

P IZ-23 
G) 

R 
PIZ-I 3" 

10 
11 

IZ f.-
8 

13 0 9 

S 

USB 

• 

Er Z USR 

B. Z~6 
4 U4R I'-' 

S 
-3 

CR8 

CR9 

CRIO 

K I CONTROL 
PI2-Z 

PIZ­
PtZ-

7 
8 

KI 
CRl7 

~ 

5 
9 'he 3 - 6 

U3B U3R '----r 4 

~ 9 USC a 

IZ 
11 2 

13 USD 13 

~ T 12 
I 

lC7 
0.01 

CRla 
CRIS RZ6 

1 a .ZK r;; 
~r v A CRI9 J ~ 

R30 < ~ R31 < R3Z 
S60 '> S60 > Z20 

CRI6 

·5V 

111' 

R3 Q7 
Z ,ZK 

-A./' 
~ 

b' 

RZ' 

~ 
Q5 

390 
,A 

\.::::; 
ft 

T 
R25 
390 

'V T 
CS·~ La 

CRII 
RZ9 ~ 

K' CRIZ 
RZ7 10K? 

K3 
< 4.1K 

CRI3 • 
O. 

CRZO • CZ 
0,01 

.sv PIZ-S 
PIZ-6 

K6 CONTROL 
/ PIZ-3 

B. 
PIZ-12 

~ 
P12-9 

t? 08 
RZ8 
IK RUTO FUNCTION 

J\f\ 

NOTES 

I, RLL RES ISTRNCES IN OHns RND RLL 
CAPRCITRNCES IN nICROFRRROS UNLESS 
OTHERWISE SPECIFIED, 

Z .... DENOTES LOGIC connON 

PtZ-11 

3, 0 DENOTES I NTERNRL ADJUSTnENT 

4. seE WIRING DIAGRAM 

FUNCTIONAL SCHEMATIC DIAGRAM 

A12 

OHMS CONVERTER 
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PII-I ( 

·In 
t 200 

AUTO conn ENTRY DEFEAT 
PII-35 ' 

PI9-33 

P19-2 

P19-4 

PII-6 

PI9-B 

EXT COnnANO ENTRY 

connON 

" connON 

': connON 

': connON 

"-

CR30 

1·5V 

.SV -
~ 

GATED SODIIC OSCILLATOR 

~ R:) 3 UIA I 1 1O 
8 UIC ~ 

8 ..> R6 

r<:J' $ 10O 
13 S 

UIO 11 Q2 
4 

~ 

R2 6 UIB T2 

I~ArF .20 

0 R7 ..> vvv 
100 ~ .IA 

..A{\, 
~ 

C2 CRI 1 
COUItTER 1500PF 

~ 5 
U2 

4 

11 191 aL 14 15 
13 

12 
U3 

11 

9 7 6 5 4 3 2 1 

2 
R3 

U4A 3..J\4:/\ 
1 

' ~4 F G H J K L N R 

0.68 t 
5 .5V a 4.7K ,.. 

4.7K 

~ R4 $ 
CR31 > • b c A II F D> R E I 9 F L 

8 U·-10 U4C 

1200PF 

11 
R5 ? 

4.7" 
13 U40 ~ H81 r ~a 

CODER 
CRI7 0.01 

1'19-13 

PII-ll 

1'19-27 

PII-15 

1'19-25 

PI9-19 

1'19-23 

P19-17 

P19-29 

P19-31 

10000 I UI5 2 , 
.~ 1000 

~100 
"-

5~ iD s 
"- C 

L-:i 13 
UI5 ..,.,.12 

': 
F 

,-

j'" 
"-

CR4 
CR19 

CR12 

Kn 1 
y 

CR20 

LO 
"-

CR5 CR2 

VAC 

LEXTERNAL REFERENCE 

~FILTER 
" 

3~ CRIB 

9 
11 

10 [:0a r--
12 

9~ ~ 
'2 

bY r 11 ~15 h ~ 

4:Y t-QI5 .--. 

~29 4:Y R25 +5V 

A
lOK 5 vv 

9 
8 

CR3 10 usc 

12 
11 13LJ 

r GUARDED CIRCUITRY 

I 

I 
T1 

II~ e:!O 
I ~v 

il~~ 
I 

~RIO 
> 3.3K 

~ ~ R24 

RI1 
2.2K 
,/\/\ . . C5 

CR6 

,/\ 1 
;12 
10K 

I ;'It23 1.2K 

1.2K +-----+ 
I 

I~~ L-.~ 
CRll CR9 

I 

I 

lr-~~-~ 
.... ____ + __ 1-1 uaR ~ ua8 

2 5 12 9 
~ r-- h 

'-'13 T!3' I 
I 

l~L-~~ 
+-____ r-_1-i U9A ..-2.. U9B 

2 12 9 
- r--f-- h 

'-- L---. I 

DUAL 
QUAD 
LATCH 

3 r- 6 I 111 r- 8 
~ ~~ ~--r-----~ 

1 I 
L. ____ +-_--j Ul0A '--- UI08 

2 5 12 9 
'---- I----:- I--

113 ji3 
SHIFT REGISTER 

~--~r---------~ 

I --- GUARDED CIRCUITRY 
I C 

Ul-U6. 
ua-Ulo. 
U12-U15 
U7 
Ull 

PIN CONNECTIONS 

+5V 

14 

16 
24 

connON 

DECODER 

-

'tJ (:) 
~B_~ __ ~~I_I_-+~~: UI4A ~ 

~ 
RIB 
270 

RI6 Q8 

.... _~ ____ :, UI48 ~,6-J~~:~°Ar_~~ ~ 

NOTES 

9 

101 UI4C 
L.....--t----i 

12 

131 UI40 
'-----+----i 

CR25 

~ CR36 

Q12 

RI5 Q7 
8 390 ~ 

-'vV'v ~:y 1'--1---' 

R14 QS 
II 390 ~ 

-'vV'v \:::!:)~-t---' 
'? RI9 
? 3.3K 

I. ALL RESISTANCES IN OHns AND ALL CAPACITANCES 
IN nlCROFARADS UNLESS OTHERWISE SPECIFIED. 

2.. DENOTES LOGIC connON 

DENOTES connON OUTSIDE GUARO 

SIGNALS a. b. c. AR. REF. AND FIL 
CORRESPOND IN FUNCTION TO THOSE IN 
8ASIC ovn. BUT ARE NOT IDENTICAL SIGNALS. 

F 
P5-21 

P5-22 

.5V I : t PI-II 

PI-15 

, i. 
2 UI2A o-.... --------j PI-23 

IPD.-+-------R.~P&-24 

e---~~I: UI30 II 

CR CR 
21 22 

KO 
, 1'5-2 

EXT REF 
1'&-11 

0--,- 1'&-4 , 
FILT 

, PI-6 

CR24 VAC 
1'5-19 

cm t " 
VOC " 

1'5-1 

RANGE RUOTE 8US 
--'- 1'5-11 

FUNCTIONAL SCHEMATIC DIAGRAM 

A5 

REMOTE CONTROL UNIT 
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B-'} 
U29R 

2 SPRRES 

~.-. 
~~ 

GUARDED CIRCUITRY 

r---::::-- I 

P7-11 ~~~~=+==t=i--+-=-_.I-
P7-3 ~ Pi-13 "E-~=l--+-+-r-i---r- I 

P7-8 ~'--t-T-r I I 

P7-4 

P7-1 

ceo 
P7-2 

EXT TRIG 

P7-S 5V 

P7-1S,,(- +~ 
} C29 

~
200 

P7-21 . -

GUARDED CIRCUITRY 

TR 
P22-2 

Bf" FU~~12 _ 2 

~ ~ =--r-r-. 
s ~ 

NUMBERS 

P22-11 

I C 
PIN CONFIG 

U2-U7 .Ul1 ,U24 .U27-U29 

UIO .U12 .Ut ... U16 

14 

14 
14 

• 
U23 
UlS.U19 

---- - _T~-;22;-~.-~~ 
1-';-. 8. 1~. 15.. • • • I 
I • • • •• •• • • J ~~ _!... • • P22 ---

CKT 2 VIEW 

P22-10 

P22-19 

UIO 

LOCATED ON 
DOU NO.2 ------, r - - - fUNCII ONS I 

I '.-'0 2 I 
I I 
I I 
I • ..,. ..J L ______ _ 

POL) P22-20 1----- , 

'b 

P22-26 

P22-29 

CMS .. 

CRS! 

tRS6 

tRSS 

CR36 os 
) P22-2' 

P21-1 

9 8 8 •. ) '2'-' 

5TH 
DECADE 

10 U2C, &4) P21-5 ~ 
1 P21-12 4TH 

~P21-10 DECADE 

~~~P21-I" 
8 P21-9 J 

~P2l-l' 
P21-18 

P21-15 

CR52 

P21-19 

tR39 

P21-Z3 

2 J' · )P21-21 

~P21-30 

,RO 
DECADE 

2ND 
DECADE 

1 USA Gl) P21_25} 

---~ P21-28 ~~~ADE -- -- ~'21-2' ~=j=1 =====q=r===..... . I 01' 0:0 ~ ::::::} OVEO-

I RRNGE 
9 ~ CR40 1) P'ZI-34 DECADE 

10 U7~8 

COSO' ;; 0~'~'21_'21 
~. ~.... . b " COOED ---t--===========----. b ~'~P21-31 OANGE 

to 

II 
P22-28 

12 P22-23 f-*---- . 

" 
NOTES S AND ALL CAPACITANCES 

ALL RESISTANCES INE~~MOTHERWISE SPECIFIED. 1. IN MICROFARAOS UNL 

... DENOTES LOGIC COMMON. 

:: 0 DENOTES INTERNAL ADJUSTMENT. 

6 ES COMtION OUTSIDE GUARD. 
4. V DENDT MATES WITH P6 ON 

S. P22 ON DOU NO'F~EXIBLE INTERCONNECT OOU NO.2 VIA 
CABLE. 

~2 J" , )P21-""; 3 U1C 

P22-12 ;: ; 1 . CR'1 GR ,. 

1 - ------_----------;.P21-----------~'.;, 
CM33 

~ SEE WIRING DIAGRAM FOR V CONNECTIONS TO P6 

I"UNCTIONA L SCHEMATIC DIAGRAM I 

A7 

DATA OUTPUT UNIT NO.1 
V 

uv. I 
8400A-1012 IT 
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r------~ P6-1 

CR20 CR22 

Tl·P30 ~-I-----1 

8 YAC 

Tl·P31 

CRI9 

500 
"5 

CR2t 

so "5 
8.1 MS 

500 
"5 

50 "S 

0) 0) 0) 

500 50 
tiS tiS 

013 

R51 R56 R48 R41 R46 R45 RS4 RS3 R52 
t.87k 150M 2O.SIt 10SK 20.5K 10sK 20.5k 10SK 6.81K 

L-__ ~P._' 

_5V 

8.)I1S 

A22 
1.62K 

0.2 
150K 

R'9 
214M 

P20-36 

b-
R50 

C9 3.3 

03 

R51 
140K 

C03 
CO 
30 

CR 
29 

CO 
28 

CO 
27 

CA 
26 

CA 
23 

CO 
25 

CO 
2. 

CRIB 

UIS 

CR69 

06 
+-__ +--+-~CXUIR P05 

CR10 

1 
KO 

P6-12 

TOP 
~------------------~ [i> 1 • •• ···-li 3 !.- .. _. . .. ~S _. •• •• I 

L·_3<L_·..36_~E_!l.! __ ~~ ..!~_ !.-4_J P6-2 
P6 CKT 1 VIEW 

NOTES 

1 C 
PIN CONNECT IONS 

1. ALL RESISTANCES IN OHMS AND All CAPACITANCES 

U8-U9 .u30. 
Un.U2I. 
u2S.U26.Ul. 
U33.U22 

UI8 

• SV COMtlON IN tUCROFARADS UNLESS OTHERWISE SPECIFIED • 

2:. W DENOTES COtlMDN OUTSIDE GUARD. 

3. 0 DENOTES INTERNAL ADJUSn1ENT. 

4. b- DENOTES FACTORY SELECTED PART. 

5. P6 ON OOU NO.2 I"IArES WITH P22 ON Oou NO.1 
VIA FLEXI8lE INTERCONNECT CABLE_ 

C8 

~ 

SPACE ON CONNECTOR P20. PINS NO. 
27 AND 28 USED AS KEYWAY 

~ TEST LINK 

~ SEE WIRING DIAGRAM. FOR 
V CONNECTIONS TO P22 

P&-& 

CR35 

<32 
2·2M 

016 
.7K 

R?7 
10K 

-5V 

.L. C24 
... 1200PF 

CHANGES: 

eR6t 

ASS 

<,. 
27. 

CI3 
1200PF 

'25 
10K 

o RS7 WAS 2.15k ON SER. NO. 123 THRU 148. 

-SV 

031 
4.1M 

-5v 

t o 

CR60 

C23 
0.025 

P6-26 

P6-29 

.. 9 
1.SK 

CR62 

~ 

'2. 
10K 

R48 AND 54 WERE 6.81k ON SER. NO. 123 THRU 148. 

P6-10 

el2 
1200PF 

SPRRE 

12 

10 

.5V 

R59 

680 

II 

y 

05 
4.1K 

C6 
1200PF 

.5V 

FUNClJON DECODER 

P6-20 

.. I----~\f\,'v__+--< 

f H h-~+-----1 

'4 
4.1M 

C'2 

10 

-5V 

QI 

P6-15 

P5-1S 

CR31 C1142 
G/" 

'20-2& 

VOC 

YiiC '20-6 

6 VRt Pit I nAfIT 
fUNCTION 

ill '20-4 INDICATORS 

8 0 n P20-'2 

II 00 
"0 .20-'0 

CR32 
GSf 

P20-22 

II POL 
P20-18 

8 FILT SECONDARY 
P20-20 FUNCTION 

P6-28 FIll INDICATORS 

3 REf 
'20-16 

P6-25 OEF 

REnoTE 
P20-14 

P6-17 iEr1 

P20-31 SAMPLE 
SYNC 

ZOUT 
'20-9 

P6-21 
II 

~P20.30 

ZIN 
P6·-18 P2O-2S 

YOUT 
P20-S 

YI 
P6-21 ~P20-32 

YIN 
CODE P6-13 P2O-21 
CONYERSION 
TERMINALS 

XOUT 
P20-7 

X. 
P6-30 ~P20 29 

XI N XIN 
P6-14 P20-23 

WOUT 
P20-11 

P6-23 ~P20-2' 
WIN 

P20-19 

8USY 
P20-8 

CR44 
GOL 

P20-17 

9 !.- OVER 
FLAGS LOAD 

10 i UBC P20-13 

P6-22 ~r TRIG 
~30 P20-1S 

+5v 11 

t ~ P20-36} 
P20-34 .SY OUT 

EXT TRIG 
) P20-3 } 

EXT TRIG INH 
) P20-1 CONTROL 

INPUTS 
pas ) P20-2 

FUNCTIONAL SCHEMATIC DIAGRAM 

( 

f T 
_. 

) P20-35} 
) P20-33 COMMON A6 

DATA OUTPUT UNIT NO.2 
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-
R7 
lOOK 

PH)· 5 ~---... -...,..",,--....., 
FILT IN 

FILT IN 

Plo.10rrFILT 

0 CA3 Kl 

Plo. 9 

K1A 

R2 
46.4K 

A4 
46.4K 

+18V 

R3 
6.SK 

lC4 
.47 

CRl 

TP 
1 

All 

D> 

R9 
2l5K 

CI 
.47 

-18V 

R6 
140K 

Q2 

R12 

D> 

Rl0 
2l5K 

TP 
2 

-lSV 

CHANGES o CR3 ADDED AT 
SERIAL NO. 198 
AND ABOVE 

+18V 

C7 
150PF 

R15 
2.49K 

R18 
7.1SK 

A16 
82.SK 

A to 0 INPUT 
~~--~------~~------~----+---------*-------------------~Plo.4 

-18V 

RI4 

lOOK 

CR2 

NOTES 

RS 
8.66K 

1. ALL RESISTANCES IN OHMS AND ALL CAPACITANCES 
IN MICROFARADS UNLESS OTHERWISE SPECIFIED. 

V DENOTES SIGNAL COMMON. 

Y DENOTES LOGIC COMMON. 

[» FACTORY SELECTED 

o DENOTES INTERNAL ADJUSTMENT 

+18V f-c'--------i) PIo.l 

Plo. 2 

FUNCTIONAL SCHEMATIC DIAGRAM 

A10 

ACTIVE FILTER 

8400A-1015 t7 
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