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1. INTRODUCTICON

The Kikusui Model 151 Digital Voltmeter accurately measures a DC voltage
for a range of *0.0000 V to +1000.0 V. It employs an integration-type
pulse width conversion system and incorporates the following advantageous

features:

(1) The dynamic range is wide. Measurement can be made to maximum
"12000" in a 5-digit system, without switching the range. When
an input voltage higher than "12000" is applied, the OVER lamp
automatically lights to indicate that an overvoltage is being
applied to the input terminal.

(2) When an input voltage of higher than "12000" is spplied under the
AUTO operation, the measuring range is automatically switched to
the next higher range. When that of less than "00980" is applied,
the measuring range is automatically switched to the next lower
range. Thus, the input voltage is measured slways with a range
which will present the maximum number of meaningful display digits.

(%) The measuring speed is 3 samplings/sec. Switching for polaritiy is
made automatically. The display circuit incorporates a memory

circuit to reduce flicker,

(4) The measuring accuracy is as high as 1(0.05% + 1 digit). The input
resistance is higher than 1,000 MQ. The input terminals can be
isolated from the case ground.

(5) The circuits are designed and manufactured for the maximum
reliability, employing silicon transistors, linear IC's, and MSI's.



2.

Measuring system:

Total measuring range:

Range selector:

Maximum display:

Accuracy:

Maximum sensitivity:
Sampling rate:

Input resistance:

Input terminals:

Input overvoltage protection:
Normal mode rejection:
Over-range indication:
Display holding:

AUTO range operation:

Ambient temperature:

‘SPECIFICATIONS

Integration-type pulse width conversion

system
+0.0000 V to +1000.0 V

AUTO and four ranges of 1 V, 10 V,
100 V, and 1000 V

"12000"

(£0.05% of measured value) + (1 least-
significant digit); 5°C ~ 35°%

100 wV/digit (1 V range)
3 samplings/sec.

1V and 10 V ranges ... 1,000 MQ or over

100 V- and 1000 V ranges ... 10 MQ

Isolatable from case ground, maximum
250 V DC '

1,000 V DC maximum for all ranges
60 dB or better (at 50/60 Hz)
"12000" as boundary point
Controllable from the front panel

Up-range boundary point ... "12000"

Down-range boundary point .., "00980"

0% to 40°C



Power requirements:
Major dimensions:
(Maximum dimensions):
Weight:

Documents supplied:

100 V +10%, 50/60 Hz AC, approx. 25 VA
200 mm wide, 140 mm high, 320 mm deep
(200 mm wide, 160 mm high, 360 mm deep)
Approx. 5 kg.

Instruction manual .., 1 copy

Inspection report «se 1 copy



3. OPERATION METHOD

3.1 DESCRIPTION OF THE FRONT AND REAR PANELS

(See Fig. 3-1.)

(l) POWER: A push-button switch to turn on and off the
power. The power is turned on when the
button is pressed (locked), and it is turned
off when the button is pressed again.

(2) RANGE: Five RANGE selector push-button switches are
positioned in a horizontal row. They, from
left to right, are the AUTO, 1 V, 10 V, 100 V,
and 1000 V range buttons.

(3) INPUT Terminals to which the input voltage to be
(HI and 1LO): measured is applied. The high impedance
line must be connected to the HI terminal
(red), and the low impedance line to the LO
terminal (white).

(4) HOLD: When this button is pressed and locked, the
displayed value existed at the instant of
pressing is held unchanged, irrespective of
subsequent variation of the input voltage.
This HOLD state can be released and the
normal measuring operation is resumed when

this button is pressed again.

(5) ZERO ADJ: A control for zero adjustment of the amplifier.
With the input terminals shorted, the control
must be adjusted so that the display indicates
"00000". The control can be turned from the

front panel using a screwdriver.



For highly accurate measurement, apply
such an input voltage that the display
indicates "00030", switch the polarity,
and adjust the control so that the readings

are identical for both polarities.

(6) OVER: A lamp to indicate that the input voltage
is of an over-range value. This lamp
lights when the input has exceed the
maximum value of the set range by 206% or

over.

(7)  mam or nan: Automatically indicates the polarity of

the measured voltage.

(8) DISPLAY: A 4-digit counter (Nixie tubes) with
decimal point.

(9) 1Inclination Support: A bracket which can be pulled~to‘this
side to give an inclination angle-to the
instrument when it is used being placed

on a bench.

(10) Rear Input Terminals: " _

(HI, LO, and GND): These tefminals are connected in common
with the front input terminals. The
input can be applied either through the
front or these rear input terminals.
Normally, the LO and GND terminals are
connected together with the short bar.*

(11) BCD OUTPUT: This optional provision provides a BCD
(Option) output of 8-4-2-1 code, for 5-digit
numerical data, decimal poeint and polarity.
An Amphenol 57-40360 Series connector is
uged for this provision.



(12) PRINT COMMAND: This optional provision (with a snap

{Option) switch) provides a command for printing
of the BCD output. Under the PRINT
COMMAND mode of operation, an external
command signal is required for the HOLD
mode but an internal command signal is
automatically supplied for each measuring
cycle for the AUTO mode.

(13) Cord Holder: The power cord is wound on these holder

pieces when the instrument is stored.
(14) Fuse Holder: Contains a 0.5 A slow-blow fuse.

(15) Housing Clamping-screws: Thése four screws clamps the feet of

the instrument.

(16) Feet: The two feets are clamped to the instrument
housing with the four clamping-screws.
When the feets are removed, the housing

is ready to be removed.

*The front input terminals are connected in common with respective
rear terminals. Note that, when a high voltage is applied to the
front input terminals, the high voltage appears also at the rear
terminals.
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3.2 PREPARATIONS

(1)

(2)

(3)

(4)

(5)

Connect the power cord to an AC line receptacle of the rated
voltage (100 V, 50/60 Hz).

Turn on the power switch. For approximately 10 seconds after the
power is turned on, the displayed value may vary. This variation
is a transiential phenomenon caused by the turning on the power

and is the normal state for the instrument.

The instrument operation is stabilized in approximately 15 minutes
after turning on the power. For a highly accurate measurement,

allow about an hour of stabilization period.

Set the HOLD button in the OFF state. The measurement will be

unsuccessful unless the button is set in the OFF state.

Connect the high impedance line of the input voltage to the HI
input terminal (red) and the low impedance line to the LO input
terminal (white). When the distance from the signal source to the

instrument is long, use an appropriate shielded wire.

3.3 MEASURING OPERATION

(1)

If the level of the voltage to be measured is known, select the
range as shown in Table 3-1 in order to eliminate the use of
unrelevant ranges. If the level is unknown, use at first the

1000 V range and, then, gradually lower the range until the display
indicates a value lower than "12000", or use the AUTO mode of
measuring operation. Range selection under the AUTO mode is as
shown in Table 3-2.



Note: The instrument incorporates such a protective circuit that
the circuit is not damaged even when the maximum voltage
(1,000 V) is erroneously applied to the instrument set at
the 1 V range. However, avoid application of over-voltage

to the input circuit whenever avoidable.

Range Measured voltage (V)
1V 0.0000 ~ 1.2000
107V 1.200 ~ 12.000
100 Vv 12.00 ~ 120.00
1000 V 120.0 ~ 1000.0
Table 3-1

Range switching voltage (V)
Range
Down-range Up~-range
17V - 1.2000
10V 0.0980 12.000
100 V 0.980 120.00
1000 V 9.80 -
Table 3-2

(2) To meintain the measured result constant, turn on the HOLD button
(depress the button to its locked position), For more accurate
measurement, taking the response time of the instrument into
congideration, depress the HOLD button at approximately three
seconds after the voltage to be measured is applied to the input

terminal.



4. QOPERATING PRINCIPLE

4.1 GENERAL OPERATION DESCRIPTION

The Model 151 Digital Voltmeter employs an integration-type pulse
width conversion system. The input voltage is converted into a
current signal, the current signal is integrated, then the current
signal is disconnected by a reset pulse, a reference current is
integrated to produce a pulse width which is proportional to the
input voltage, and the pulse width is measured with a pulse width
counter. This system effectively eliminates the noise superimposed

on the input signal and ensures stable measuremsnt.

A block diagram and a timing chart of this instrument are shown in
Figs. 4-2 and 4-1, respectively. The timing chart is for the full
scale input (12000).

The input voltage applied to the input terminéi is divided in

- accordance with range setting, is applied to the DC amplifier of a
high input impedance type, and is converted into a constant-current
signal having a high output impedance. The constant-current signal
(which is proportional to the input voltage) and the reference
current (fed from the internal standard signal source) are integrated
alternately. The pulse converter produces a pulse signal, the width
of which is accurately proportional to the input voltage. The
produced pulse width is compared with the standard pulse width. The
result of comparison is fed through a memory circuit to the display
unit which indicates the result in 5-column decimal digits.

- 10 -
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4,2 VOLTAGE DIVIDER (A5)

The voltage divider circuit provides the 1 V and 10 V ranges with
an input resistance of 1,000 MQ or higher, and the 100 V and 1,000 V
ranges with an input resistance of 10 MQ. The output resistance is
almost constant. The output voltage of the divider circuit is 1 V
for the 1 V and 100 V ranges and it is 10 V for the 1 V and 1,000V

ranges.
A5 VOLTAGE DIVIDER l | A4 AMPLIFIER
O] &L i 3
| Ri !
4.95M
R
“0 o l !
. Rj K2 1 R—63 !
/K <——i‘ i ! 7K
rooplyy |
R4 o AoT ’ R &4
700k 3.9k
| h K3 gé{g H
ke ! 1 ?J rovLe Y
! ALy J

Range K1 K2 K3 K4
1V X 0 X 0
v X 0 0 0
100V 0 X X X
1000 V 0 X 0 X
X: Closed contact 0: Open contact

Fig. 4-3 Voltage divider and relay switch actions
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4.3

Fig. 4-3 illustrates the ioltage divider circuit and its relay
switch actions. For the 1 V and 10 V ranges, K1 is clesed and the
input signal is directly applied to the chopper amplifier. The
input impedance of the chopper amplifier is as high as more than
1,000 MQ. Since K4 is open, the impedance of the amplifier . itself
represents the input impedance of the instrument for the 1 V;and

10 V ranges. Relay switch K3 closes for the 1 V range but it -opens
for the 10 V range, in order that the output current of the amplifier
is maintained at 1 mA full scale.

For the 100 V and 1,000 V ranges, K2 and K4 are closed, shunting
the input circuit with the voliage divider of a resistance of 10 MQ.
Therefore, the input impedance of the instrument becomes 10 MR. The
input voltage is divided by a factor of 1/100. The dividing ratio
is adjustable with R3 (1 kQ) mounted on Printed Board A5. Relay
switch K3 closes for the 100 V range but it opens for the 1,000 V
range, in order that the output current of the amplifier is
maintained at 1 mA full scale.

AUTO-RANGE CIRCUIT (A5)

Under the AUTO-RANGE mode of operation, the range is automatically

switched up or down by actions of the relay sﬁitches. The switching
points (boundary values) are "12000" for up-ranging and "00980" for
down-ranging. The signals required for these automatic relay switch

control actions are derived from the decade counter.

The AUTO-RANGE circuit basically is a reversible ring counter. It
congists of four blocks. Each block has two inputs. With this
construction, the AUTO-RANGE circuit automatically selects an
appropriate range in response to the up-range and down-range pulse

signals.

- 14 -
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Fig. 4-4 The ring counter circuit (45) |

Fig. 4-4 illustrates the ring counter circuit for driving the 10 V
range. The ring counter consists of four blocks. For any given time,
only one of the blecks is in the OFF state and all three remaining
blocks are in the ON state. Let us assume here that Q2 is OFF. In
this case, Q9 is ON and the display indicates as "XX.XXX". C4 is

for up-ranging operation and Cl1 for down-ranging. When Q2 is OFF,
the collectors of Ql, Q3 and Q4 are at the ground potential. When

an up-range pulse is appliéd to the ring counter, the negative pulse
applied to the input capacitor of each block through CR1 - CR> tends
to drive all blocks instantaneously into the OFF gstate. However,
since C2 has been charged in the positive polarity, Q3 is driven

into the OFF state faster than the other stages. As Q3 is driven
into the OFF state and the collector potential of Q3 becomes positive,
the base current of Q2 flows through CR10 and consequently Q2
conducts (turned on). In a similar manner, the other stages also are

turned on. Therefore, the display for the 100 V range becomes
XXX XXY,

- 15 -



4.4 DC AMPLIFIER (44)

The DC amplifier employs a high-stability chopper-type operational
amplifier. It provides an amplified DC output which is proportional
to the input voltage. The output current of the amplifier is charged
in the integrating capacitor of the A-D converter (A4) and is

integrated for the first half cycle. (The second half cycle is

used for integration of the standard current or it is used as the

discharge cycle.)

The input circuit of the DC amplifier is shown in Fig. 4-5.
signal of 1 V or 10 V is applied to the input circuit.

current is 1 mA full scale for either input voltage.

The output

The output current is determined by Rf which feeds the DC amplifier

output back to the LO input terminal.

The resistance of Rf for the

1V range is 1 kQ as relay switch X3 is closed; that for the 10 V
range is 10 kR as relay K3 is open.

Ciz ~22v +22v F
[
—
R3g8
470K
cq Cro F pc
ol IOJZ AN Am/’ Ein
Hi Ay ] . A - L
a1 | B f
150K = cur
194
Fl; a © CHOPPE R Q
¢c/ | prRIVER i/ 7
OVER LOAD % Rés
PROTECTOR 1K
VF P s
FLOATING GND Ks Sow
' R6s
| 200
Lo
Fig. 4-5 Amplifier circuit (A4)
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4.5

The DC amplifier circuit consists of a chopper amplifier and a DC
amplifier as shown in Fig. 4-5. The former, which employs a HOS FET
chopper (q4), provides a high input impedance and a high operation
stability.

The DC input signal is converted into an AC signal (square wave)

of 250 Ez by the switching action of the chopper (Ql). This AC
signal is amplified by a 3-stage AC-coupled amplifier. The amplified
AC signal is converted back to the DC signal in response to input
polarity by the synchronized demodulator transistor (Q9), and the
restored DC signal is applied to one input of the differential DC
amplifier. To the other input, to improve the‘response speed, the
signal is AC-coupled from the pre-stage of the chopper amplifier.

The input overveltage protective circuit clamps the abnormal voltage
at approximately +2 V for the 1 V and 100 V ranges or at approximately
16 V for the 10 V and 1000 V ranges. :

The above-described DC amplifier provides a constant-current output.
The current value is determined by Rf as IojT = Bry/Rf.

CURRENT RECTIFIER (43)

The output of the DC amplifier is fed to the current rectifier (43).
The current rectifier converts the positive and negative output
currents of the DC amplifier into a unipolar current, or it has a

function as an absolute-value current converter,

-17 -
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Fig. 4-6 Current rectifier (A3)

The basic circuit of the current rectifier is shown in Fig., 4-6.
When input current I1y is negative, the current is fed through CR2
or it is converted into output current IOUT which charges the
integrating Qapacitoi in the negative polarity. When input current
I7y is positive, the current flows through €R1 into R1, developing
a voltage drop of VRl = ITy - Rl. By the negative feedback loop,
the relationship of VR5 = ~VRL = -IIN * Rl is obtained. The current
which flows in R5 is supplied from the integrating capacitor.
Therefore, the following equation yields:

Iogy = - —182.
ouT =y

- 18 -



Diode CR5 and transistor Q2 switch the polarity of the display
circuit. When the input signal is negative, CR5 is reverse-biased
and is cut off; when the input signal is positive, CR5 is forward-

biased and conducts.
REFERENCE CURRENT SOURCE (A3)

The reference current source (constant-current source) supplies a
standard current of +1 mA. The current is integrated in the
integrating capacitor for the second half of each measuring cycle.

The reference current source circuit is shown in Fig., 4-7.

» — +25v

R32 R33
700 8K

CRIT
1S552
Qur
- Qo
LM74.f
_r
R30
/8K TE (2ro# 9o _J ‘L 1R
[--—— o=
, -« }
: CR8 | ]‘!CRH -25
: ! é R35
¥ ! S 68K
! RM. 10K

——WA——— FRoM 0
CAPACITOR |Cr.Cz | FERO DET

- 25v

INTEGRATING i (Ist H4in)

— W R 1) 3
e FRO FF (Fiip Flep)

Fig. 4-7 Reference current circuit (A3)

Zener diode IS552 (zener voltage 8.5 V) is used as the reference
voltage generator. The constant voltage generated by this diode

is applied to the input circuit of the differential amplifier which
consists of IC (LM741) and provides a feedback loop. The output of
the differential amplifier is amplified by a Darlington amplifier

- 19 -



4.7

consisting of QL0 and Ql1, and the output of Q11 is fed back to the
inverting input of LM741. The output circuit (emitter) of QI1 is
connected to the +25 V supply line through seriesAresistors R31,
R*, R32 and R33 which are of a metallic film type having a very lew
temperature coefficient. The reference current (IR) is determined
by the total resistance of the series resistors (R31 ~ R33), and is
adjusted at 1 mA by variable resistor R31.

Ql2 is a switching transistor used for gating the charging period
of Iy into the integrating capacitor. For the 1st half of the
measuring cycle, the FF is cut off and the voltage is +5 V and,
consequently, the base of Q12 is reverse~-biased. Q12 is cut off,
the reference current (IR) flows to the -25 V line through CR11,
CR12 and R12, the collector voltage of Q11 becomes -9 V, and CR8 is
reverse-biased and is cut off. The charging current flows into the

integrating capacitor.

When the counter has counted to its full scale (10,000 pulses), the
full-scale pulse inverts the flip-flop, and Q12 conducts. This
action occurs in the 2nd half of the measuring cycle.

The collector of QL2 becemes the GND potential and the integrating
capacitor is charged in the negative polarity for the lst half of
the measuring cycle. CRS conducts, CR11l and CR12 arae reverse-biased
and are cut off, and IR charges the integrating capacitor towards

zero volts.

When the integrating capacitor has become zero volts, the ocutput of
the zero detector (TERO DET) becomes positive and Q12 is again cut
off, ceasing to charge the integrating capacitor.

ZERO DETECTOR (A3)
The zero detecter controls the clock pulse generator which drives

the decade counter. The clock signal generator operates for the
period from the start of the lst half of the measuring cycle to the

- 20 -



end of the 2nd half, or for the period the integrating capacitor is
charged towards zero volts and the potential becomes zero volts.

The zero detector circuit is shown in Fig. 4-8.

-25v
ﬂ % 68K C?? ¢7/(
ZERO DET
4 +25v ‘ Rz;%— +5V
L7 ZERO DET
28 ag
22k
Res
Crce -
5
FLIP~FLOp
AF— F START PULSE
= st ScHLEPLSE
c3
57 o7

JoK

Fig. 4-8 Zero detector

The integrating capacitor is connected to the inverting input of
differential amplifier Q5A. Its output voltage is divided and fed
to the non-inverting input of Q5B. Diode CR1O is used to provide
a feedback circuit between the amplifier output and non-inverting
input.

For the lst half of the measuring cycle, the flip-flop output (i§3
is zero volts and Q8 is cut off. For the period Q54 is cut off, Q5B
conducts. Consequently, Q6 conducts but Q7 is cut off producing a
high potential in its collector and providing a reverse-bias voliage
for CR10.

- 21 -



4-8

When the counter has counth to its full scale, it generates the
full-scale pulse (r). This pulse resets the FF, making its output
voltage +5 V. In this case, Q7 is maintained cut off since the
integrating capacitor is charged to the negative maximum value.

As the 2nd half of the measuring cycle starts, the integrating
capacitor starts to be charged towards the positive polarity. As
the capacitor potential becomes zero volts, Q5A starts conducting.

Q7 also starts conducting, CR7 is reverse-biased, Q4 conducts, and

the integrating capacitor and the base of Q5A is maintained at zero

volts. As Q7 starts conducting, the NAND gate of the oscillator

-circuit is made zero volts in order to stop oscillation.

START/RESET CIRCUIT (A3)

An free-run multivibiator is used for the start circuit which produces
pulses at a rate of 5 pulses/sec. The falling part of the start pulse
is used to set the counter to "00000". The start/reset circuit is
shown in Fig. 4-9.

+ 35V
Ras L Ra7
aq 22F T 27K
RESET pPuesE
70 ZERODET L 5 |
C7 a5
+5V
4 ca .oprs
7‘ START PuLSE
AN Rsz
L R k‘a % Q 6 70K
ce f 20k oK
LfRG RESET o

l

+5V :

sraer o L

Fig. 4-9 Start/reset circuit (A3)
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4.9

The oscillation frequency is determined by the time constant of
R39 and C6. Q13 is held cut off since its emitter is maintained
at 2.5 V by the voltage divider consisting of R4l and R42.

When the charging current flows into C6 through R39, the potential

of the base of Q13 gradually rises. When the potential has reached
2.5V, Q13 starts conducting. Q14 is cut off and its emitter voltage
falls. The emitter voltage of Q13 also falls and, consequently,

the charge of C6 is discharged through the base of Q13.

When the base potential of Q13 has become zero volts, Q13 is again
cut off and its emitter potential becomes 2.5 V. As a result,
charging of C6 starts again.

Transistor Q17 is used to stop oscillation of the free-run multi-
vibrator. When the HOLD button on the front panel is depressed (is
set in the ON state), the base current of Q17 flows. Consequently,
Ql7 conducts and no charging current flows into C6.

CLOCK PULSE GENERATOR (A2)

The clock pulse generator employs a crystal-controlled oscillator
circuit which provides a high frequency stability and a high normal
mode rejection ratio. To improve the rise-up characteristics, a
TTL (M-5340) is used as the driver.

A7 534.0% w5320k, M 5340 %
ccoc — 247 .
oy 2ND r /ST
ANA
Vo4 20
2=Cz2 a2k 22K
crz 047
FROM ZERD DET g {Bf*
FRONM OvER —H— Rs8 X7A¢
CR3 22K TOOK /2

Fig. 4~10 Clock pulse generator
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The oscillator circuit has two stages of 2 NAND gates. The
oscillation frequency is crystal-controlled. The oseillater output
ig fed to the 2 NAND gates of the 3rd stage. The 2 NAND gates of
the 3rd stage is used to control oscillation. The control action
is made in response to the output of the zero detector and to the

display overflow pulse (which is generated when the display has
exceeded 12000). ‘

4.10 COUNTER AND ITS ASSOCIATED CIRCUITS (A2)

The counter and its associated circuits are shown in Figs. 4-11

70000 2000 ﬁo'o ro T
cB8pA c8DA cCBDA c B0A
o~7 ' o~q O ~g o~g O ~@
7091 70341 702 4% 70’41 r0° 41
FULL SCALE PULSE
(/0000 palseq)
CLock
o5C 700 iz

Fig. 4-11 Counter (A2)

The crystal-controller clock pulse generator produces a clock pulse
signal of 100 kHz. The counter employs a decade counter for four

columns of l-order to 1,000-order. The most significant column

(10,000-0rder) employs a flip-flop for binary counting of "O" and
!ll " .
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For the AUTO-RANGE mode of operation, to set the up-range and
down~range levels, signals are taken out from the binary and decade
counter outputs as follows: TFor the up-range signal, "1000" is
taken from the 104 column and "2000" from the 103 column for the
boundary value of "12000"; for the down—range signal, "900" is taken
from the lO column and "80" from the lO column for the boundary
value of "00980".

Counters of individual columns are connected to respective memory
circuits, display drive circuits, and display circuits as shown in
Fig. 4-12. When a transfer pulse is applied to the gate, the
measured value of the instant of the pulse application is stored in
the memory circuit. The measured value is a binary number of 8-4-2-1
code. This binary number is converted into a decimal number by the
matrix fabricated in the display drive circuit. The display drive
circuit controls the discharge~type display tubes through transistors.

O/ISPLAY

9 1817 16 15 12 3 |21s 1o

PECODER

c 8 o} A

TRANSFER

MEMORY < suise

N
C 8 2 A

ov7T ] e JOO0KH2 /N

COUNTER

Fig. 4-12 Counter and its related circuits (Al and A2)
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A block diagram of the coﬁnter and its related circuits are shown
in Fig. 4-12. This block diagram represents a setup for one
column of the counter. The counter, memory, and decoder circuits
are fabricated with IC's. A chart giving the relationship between
the binary output and decimal output is given in Table 4-1.

Binary A B D
Decimal Jr 1 8
output

0 0 0 0 0

1 1 0 0 0

2 0 1 0 0

3 1 1 0 0

4 0 0 1 0

5 1 0 1 0

6 0 1 1 -0

7 1 1 1 1

8 0 0 0 1

9 1 0 0 1
"0": Low level "1": High level

Table 4-1. Relationship between binary output and decimal cutput

4.11 POWER SUPPLY (46)
The power supply provides non-regulated +200 V, regulated +25 V,

+24 V, +5 V, and #22 V. A schematic diagram of the power supply is
shown in Fig. 4-13.
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The +200 V supply and —25.V supply are independent from the other
supplies. The +25 V supply and +5 V supply are related to other
supplies. The +25 V supply provides the bias voltage for the error
amplifier from the +200 V supply. The +24 V supply is regulated
with a zener diode, is independent in operation, and provides the
power to drive the relays. The +5 V gupply obtains its reference
voltage from the -25 V supply, and the bias voltage of the amplifier
is obtained from the +25 V supply.

The floating supply provides bias voltages for the DC amplifier.
Thie supply is isolated from the other supplies. The =22 V supply
operates independent; the +22 V supply obtains its reference voltage

from the -~22 V supply.
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5.1

5.2

5. MAINTENANCE

REMOVING THE HOUSING

Ensure that the power cord is disconnected from the AC line outlet.
Remove the four clamping-screws of the studs located at right and
left of the rear of the housing. Then, slowly pull backwards the
top, side, and bottom plates of the housing.

LOCATIONS OF COMPONENTS

Major components of the instggment are located as shown in Fig. 5-1.
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Fig. 5-1 Locations of components
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Nine printed boards, Al through A9, are used in this instrument.

Al: Digplay

A2: Counter and oscillator

A3: Current rectifier, zero detector, and reference current
source

A4s DC amplifier

A5t Voltage divider and AUTO-RANGE circuit

Ab: Power supply

ATs Rectifier

A8: Extender

AQ: Polarity selector and display overflow indicator

5.3 ADJUSTMENTS

Adjustment of ~25 V supply:

Connect a DC voltmeter between Pin 15 and Pin 10 (GND) of the
connector of Printed Board A6, and adjust R10 so that the
voltage is made -25 V :1%.

Adjustment of +25 V supply:

Connect a DC voltmeter between Pin 22 and Pin 10 (GND) of the
connector of A6, and adjust Al5 so that the voltage is made
+25 V x1%. Do not omit to check this voltage before calibrating

the instrument.

Adjustment of +5 V supply:

Connect a DC voltmeter between Pin 12 and Pin 10 (GND) of the
connector of A6, and adjust R27 so that the voltage is made
+4.9 V to 45.0 V.

Adjustment of -22 V supply (floating supply):

Connect a DC voltmeter between Pin 1 and Pin 4 (GND) of the
connector of A6, and adjust R38 so that the voltage is made
-22 V £1%.
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5.4 CALIBRATION

To ensure the high accuracy of the instrument for a long perioed,

the instrument must be periodically calibrated. Calibration must

be made at an ambient temperature constant at approximately 25°C.

An example of calibration setup is shown in Fig. 5=2. As for the

DC voltage standard, one with an accuracy of 0.01% or better must

be used.

N _/

+
T L2000

(:) O (:) (:) (:) [iﬁijg — g; oDooom
IL |

Fig. 5-2 Calibration setup

The calibration procedure is as follows:

(1)

(2)

(3)

Turn on the power of the instrument, and allow about an hour
of stabilization period.

Check the voltages of the power supply and other circuits
(refer to Section 5.5) to ensure that the instrument is

operating normally.

Adjustment of offset current:

Set the instrument for the 1 V range, connect a 10-MQ resistor
between the input terminals (with the lead wires as short as
possible), and adjust C20 of Printed Board A4 so that the display
indicates zero. Next, short the input terminals and adjust the
ZERO ADJ on the panel. Repeat alternately the above two adjust-
ments until the display indicates zero for both cases.
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(4)

(6)

(7

(8)

Connect the output terminals of the DC veoltage standard to

the input terminals of the instrument.

Adjustment of ZERQ ADJ:

Set the instrument for the 1 V range. Adjust the output
voltage of the veoltage standard at 3 mV, and adjust the ZERO
ADJ on the front panel of the instrument so that the voltage
readings are identical when the polarity is changed.

Adjustment of zero erase:

After adjustment of the preceding paragraph (5) is complete,
Adjust R24 of Printed Board A3 so that the display indicates
"0.0000" when the input circuit is shorted. If over~correction
is made, the resolution in measurement is degraded. In order
to guard against over-correction, repeat the procedure of the
preceding paragraph (5) and ensure that the display indicates
"00030" .

Adjustment of polarity switching:

Set the instrument for the 1 V range and the output of the DC
voltage standard at 0.05 mV. Adjust R4 of Printed Board A3
so that the polarity is correctly displayed.

Calibration of the 1 V range:

Set the instrument for the 1 V range and ensure that the ZERO
ADJ has been correctly adjusted. Set the output of the DC
voltage standard at +1 V, and adjust R2 of Printed Board A3
so that the display indicates +1.0000 V.

Next, change the output of the DC voltage standard to -1 V,
and adjust R31 of Printed Board A3 so that the display
indicates -1.0000 V.
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(9)

(10)

Calibration of the 10 V range:

Set the instrument at the 10 V range, and ensure that the ZERO
ADJ has been correctly adjusted. Set the output of the voltage
standard at +10 V, and adjust R19 of A4 so that the display
indicates +10.000 V.

Calibration of the 100 V range:

Set the instrument for the 100 V range, and ensure that the
ZERQO ADJ has been correctly adjusted. Set the output of the
voltage standard at +100 V, and adjust R3 of A5 so that the
display indicates +100.00 V

5.5 INSPECTION AND SERVICE

For inspecting and servicing the instrument, refer to Section 4
"OPERATING PRINCIPLE." The voltages mentioned below are as measured

with

respect to the GND potential, unless specified otherwise. For

inspecting and servicing the instrument referring to the below-

mentioned values, set the instrument for the 1 V range and the HOLD

button in the OFF state.

Power Supply (A6)

Test point DC voltage Ripple (p-p)
+42 V 0.5V
44 V 0.2V
+ 9V 3V
4 [Floating J +38 ¥ 0.1V
5 “GND as reference ~-37 v 0.15 V
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Connector Pin No. Ripple (rms)
+25 ¥V 0.15 oV
+24- v 004 mV
=25V 0.15 nV
+ 57V 0.75 mV
[Floating ] +22 V 0.7 =V
GND as reference -22V 0.7 mV
AUTO-RANGE Circuit (A5)
Tegt point Normal waveform
t5V
1 0v— lOOms
+5V T o
|
2 T 2z0ms =L ____ _Vhen above "12000"
5V
5 [T

DC Amplifier {A4)

Test point Normal waveform
v .
1 —:V I<|TI—>IL T = 4 msec.
5 —{2V~;-r-_;-_>l\’='=\—; —_EE/LF;_P
5 A4 s B
6V e T = 4 msec.
4 L_F‘_A O\f—EP‘P
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A-D Converter (A3)

Test point Normal waveform
~ 1
\\ H
1 TV — S At "12000"
1 00 ms—>|
v —~e—
2 N At "12000"
=100 ms—
ov g —
~ S~ At "12000"
3 7V—l~<~100m5:4
A7 e At "12000"
4 ov le 100ms ]
+5V
5
ov j=~ 100mS—>]
fes——— 200ms ————
6 +5V I ﬂ
ov

Counter (AZ)

Test point Normal waveform
+5vl<— 100us —=|
1 o |
+5vf=— Ims —
2 ov ﬂ
v f=— 1 0ms —=]
+5
3 o L
15y < 100ms—|
4 oy |
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