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Power requirements of this product have been changed and the relevant sections of the Operation
Manual should be revised accordingly.
(Revision should be applied to items indicated by a check mark [M)

[ Input voltage

The input voltage of this product is VAC,

and the voltage range is to VAC. Use the product within this range only.
[ Input fuse

The rating of this product's input fuse is A, VAC, and

WARNING

- To avoid electrical shock, always disconnect the AC
power cable or turn off the switch on the switchboard
before attempting to check or replace the fuse.

- Use a fuse element having a shape, rating, and
characteristics suitable for this product. The use of a fuse
with a different rating or one that short circuits the fuse
holder may result in fire, electric shock, or irreparable
damage.

(] AC power cable

The product is porvided with AC power cables described below. If the cable has no power plug,
attach a power plug or crimp-style terminals to the cable in accordance with the wire colors
specified in the drawing.

WARNING

- The attachment of a power plug or crimp-style terminals
must be carried out by qualified personnel.

- ~ s )
(] without a power plug [ Without a power plug
Blue (NEUTRAL) White (NETRAL)
T

Brown (LIVE) Black (LIVE)

Qi K
Green/Yellow (GND) Green or Green/Yellow (GND)
N J L
s ~ s ~
[ Plugs for USA 1 Plugs for Europe
_ Y,

(
[1 Provided by Kikusui agents

Kikusui agents can provide you with suitable AC power cable.
For further information, contact your Kikusui agent.
. S

[D Another Cable j

BIKIKUSUI
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1. INTRODUCTION

Kikusui's Model 104 DC Voltage Standard is a regulat‘ed power
supply for obtaining a DC voltage of O to ﬂ:l;OOOV, 0 to 10mA, with
an accuracy of 0.05%. The circuits are of hybrid design with vacuum
tubes in the .control unit and transistors in the other sections.

The output voltage of 0 to 1,000V can optionally be selected with
3-decimal-digit fine tuning dials and a range switch. With the fine
tuning dials, the output voltage can be varied within 0.001% of the
voltage range.

If the output current exceeds the rated value due to a short-
circuit or other overload, an electronic protection circuit works to
limit the current, and an overload lamp lights up.

Model 104 is used for calibration of general DC voltmeters and
also as the power supply for a DC bridge or as the reference voltage
precision regulated power supply for a potentiometer. Thus it has
a wide variety of applications such as research, inspection, quality

control and electronic equipment maintenance.



Name

Model

Qutput voltage
Range

Polarity switching

Accuracy

Output current

Sampling terminals

Protection against

over load

Ripple and noise

Load regulation

Line regulation

Power source

SPECIFICATIONS

DC Voltage Standard

Model 104

0 ~=1,000V

*1V, 10V, %100V and 1,000V 4 ranges
Positive or negative polarity

0.05% of setting or 0.02% of range,
whichever is greater

0 ~ 10mA

Provided on front panel

Automatic crossover type

300pVRMS or 0.0001% of range,
whichever is greater (5 Hz ~ 1 MHz)
Less than #0,002% of range or 100uV,,
whichever is greater against’ no load to .

~full load change.

Less than £0,002% of range or 100pV,
whichever is greater against £10% line '

voltage change,

v, 50/60 Hz Approx._____ VA



Dimensions

( largest part )

Weight

Accessories

200mm (W) x 140mm (H) x 390mm (D)
200mm (W) x 155mm (H) x 430mm (D)
Approx. 6.7kg

Short bars 2

Operation Manual 1



OPERATION

3.1 Front and Rear Panelsdescription ( See fig,3-1 and 3-2 )

1) POWER

(@) RANGE

Dials for voltages
setting

(4) VERNIER

Pushbutton on-off power switch.
Depression of this switch turns on the
power for operation with pilot lamp

alight.

Used for selecting ranges 1V, 10V,
100V and 1,000V are the maximum
voltages in the respective ranges.
The position of the decimal point
shifts simultaneously with range

changeover.

Dials for setting voltage. Clockwise
turn advances the reading. FEach dial

is graduated from 0 to 9.

Variation equivalent to the reading
111 in the dial in the least significant
position is obtained by turning this

control from 0 to 10.



(]) POLARITY

@ OUTPUT SAMPLING

terminals

(7) OVERLOAD

Accordingly, the maximum voltages
in the respective voltage ranges are
obtained by setting the dials to '"999"

and turning this control fully clockwise.

* Output voltage polarity and stand-by

switch. When this switch is set to
nyt the output terminal (red) becomes
positive. When the switch is set to
_t_ the output terminal (red) becomes

negative.

DC voltage output terminals, from
which an output of 0 to 1,000V, O to
10mA is obtained. The OUTPUT'S
are current terminals. Connect a
load to these terminals. SAMPLING
terminals are for ''remote sensing'
and are usually connected to current

terminals with a short bar.

When an output current of our
approximately 11mA or more, this
indicator lamp lights to limit the

current.



Fuse

@ Power cord

Cord winders

A 1A fuse provided on the primary
side of the power transformer. The
bracket can be removed by turning it

counterclockwise.

Connect this cord to a 50/60 Hz AC
power source.
Wind cords around these winders when

the set is not in use.
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Preliminary operation
Set all the output voltage dials to zero and the polarity switch

to OFF.

Connect the AC cord to a 50/60 Hz power source and turn on

the POWER switch.

Model 104, which uses a thermostatic oven, requires pre-
heating for approximately 30 minutes. However, it becomes
ready for operation in a few minutes after the power is turned

on if voltage accuracy is not required.

Use of SAMPLING terminals

Use the SAMPLING terminals when this power supply unit
and the load are kept apart some distance, and it is desired
to adjust the load terminals to the specified voltage.

The error in the case where the SAMPLING terminals, as

in Fig. 3-3, are not in use can be calculated as follows.

Model 104 I r
O
]
0—O
Egy: Set voltage R L EL: Terminal
O—0 of power < °’ voltage of
supply BRI
i O

Fig. 3-3
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r : Electric resistance on one side from power supply
to load
RI, : Load resistance

AE: Error voltage caused by r

AE: E -E'
o )

A4 E

1t

I (RL + 2r) - I+ RL

2rl

Assuming the output voltage is 1V and the resistance of the
lead wire on one side is 0.5 ohm, the voltage at the terminals

when a load current of 10mA flows can be calculated as follows.

E' = 1V-2x 0.5 x 10 x 1073 = 0.09v

Thus an error of 0.01V is detected.

The SAMPLING terminals are provided to prevent any voltage
drop which may be caused by the lead wire.

Remove short bars as shown in Fig. 3-4 and connect the
SAMPLING terminals to the 1§ad terminals (for voltage

detection).

Model 104

5 ¢

9

RL

1

Remove short bar

Fig. 3-4
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Cautions

The chassis is of floating type and is connected to the red
output terminal when the polarity switch is set to '"'+''. When
the switch is set to '"'-'", the chassis is connected to the white
output terminal. Be careful when operating the case since
there is electric potential.

Be sure to tighten the short bal;s attached to the output
SAMPLING terminals when these terminals are not in use.

If the bars are loose, an output voltage may not be accurately

attained.



Fig. 4-1 is a block diagram of Model 104 Voltage Standard.

4. PLINCIPLE

OF OPERATION

—-13-—

+1

+E

Reference
power
circuit

Range
selector

S

Output
voltage

selector

-E

Fig. 4-1

Control :Eirr%tfﬁtlv e
section against
overload
DC Chopper
Rectifier | (gifferential) amplifier
B : ; amplifier circul
circuit soplil
-15V +15V
Power Regulated gh_opper
“ftransformer powexr rving
supply power
supply
AC 100V

-1
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In Fig. 4-1, +I and -I indicate the current output terminals,
and +E and -E the Output ;sensing ~terminals (SAMPLING) respectively.

Assuming a load is connected to the current terminals, or the
voltage at the voltage .sencing -terminals drops due to a fluctuation
of the AC line, the potential at the summation point S for the reference
power supply and the output tgrminal (-E) increases, and the DC
amplifier and the chopper amplifier amplify the error signal to
increase the collector current of the control transistors.

As a result, an output voltage drop is compensated for, and
the original condition prior to the change is restored.

The chopper amplifier is driven by a rectangular wave of
approximately 220 Hz produced by MOS FET's with an excellent
offset voltage.

Metal- filmed resistors with a low temperature coefficient are
used to select an output voltage and range. In the case of the
reference voltage power supply, temperature compensation zener
diodes are placed in the thermostatic oven to improve the stability.

The current flowing to the resistor for selecting output voltages
is varied by selecting ranges. Output voltages are varied by the
resistor.

The protective circuit detects a voltage drop of the resistor
inserted in series with the control circuit to limit the maximum

output current.



1
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5. MAINTENANCE

Removal of case
Remove the four screws shown in Fig. 5-1 and take out the
shoes at the rear to carefully pull out the side top and bottom

plates.

Screws

shoes

Fig. 5-1

Note: Be careful since the top plate is detached from the
frame if the set is tilted forward by holding the handle

with no shoesattached to the rear.



5.2 Layout

Fig, 5-2 shows the overall layout, and Figs, 5-3 to 5-8 the arrange-

ment of components on PCB’s,

Vacuum tube

Rectifier Q
L

B -
g R=
5 :
0 :
)
% Power transformer E
- g
g I\
¢ 3}
H >
- m m
Ther- . A3 ,
mostatic : Regulated power
oven supply
A1
L ]
Chopper DC amplifier Protective
amplifier circuit
A2 Range selector
L }
Output voltage selector
i
| |




RiZ0 g — Ri24 —
810
R13! — Ri25 — Cios
Q710
/ Ria__ — CRID3 —
— RNI7T—
R123 ( O ] |
/ l At ¢ R124
Riz2 RI8 |
BT
8107 ]
Kl RI09 Ri130 [ 11
l Ko Rio4a Ki26
| | ﬁlf’T |
K3 aioq |80z dig l
a1og — CRioz—
Rio5 |
| ] 8105 O [ a3
Rid | CRI01
106
| R | | Rio2
_RHS——‘ Rioi RI03 l
2208 l I
O — R2z20 — |R222
—CR206 — CR 203-4
— R219 —
I I c207
— R213—
€209 R2;8 (:) —R2i4 —
I 8206 R2i4
/ I — R2{{— —R2i12—
K221 —R210—
8205
223
/ K €205 gpo4 () —R209—
O l —R208 - —R 207 —
c5T0 co08 | azoaO —c 204 —
cz0 — K206 — —R 205 —
R217 (252
l — R204 — 2_O
l — R203 — @
— R2(6 — —_ —
8207 CR201~ |
—CR205 — %02'013’2 c203
— R2i5 — — Rzo(—

Fig. 5-3
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PCB Al’ DC amplifier, chopper amplifier and protective circuit



PCB AZ and range selector
— _Ri110
Ri111 [
R117° Ri12 R113 K]mt
Rio7
R116 __RIOB R109
— R104 —
R115 _Ri0s__Riog
— R101——
Ri114
—Rm2—  —Ri03—

Fig. 5-4
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PCB A3 and regulated power supply

—R101 —
—Rioz .——chos
—R107—  g-102 l
2105 Qrod ! O Q93
O O)?roa. | Ciot
l R103
| l
R106 K313
] l—— R105~——
K112 @ I | '
| roq R101 CR102 CR101
cio2 I

l
Rir | R314 O l
IO Aro7 A1o08 ]

— Riog — CRI06

— Rtog —

CRlo4 CRI03

|

Fig. 5-5
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PCB A4
—CRz— ~—~ CRé —
—CR — — CRs5 —
— CR3 — — CR7 —
— CR4 — -— CRg —
Fig. 5-6
PCB A5
| ||
I N
[ CRS502
l CR50f
| |
I
K2 R3 | c1
R1
| | |
| CR503
| CRs04
|
|
J

Fig. 5-7
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PCB Ag

- 21 -

R4

Ca

€3 R2

C2

Ci

Fig. 5-8
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Adjustment and calibration

It is recommended to check, adjust and calibrate regularly
(once in 6 months or once in 12 months) to maintain the
accuracy of this regulated power supply over a long time.
Calibrate it at a place with a temperature of approximately
25°C and subject to minimum ambient temperature fluctuations
in order to attain high calibration accuracy.

For adjustment and calibration, observe the following

procedure after more than one hour of pre-heating.

+15V adjustment of regulated power supply
Connect a DC voltmeter to connector pins Nos. 5 (0V) and

2 of PCB A3 and adjust variable resistor R313 for +15.

-15V adjustment of regulated power supply
Connect a DC voltmeter to connector pins Nos. 5 and 3 and

adjust variable resistor R3l4 for -15V.

Adjustment of astable multivibrator
Connect an oscilloscope across QZOS (collector) and the
ground (connector pin No. 4) of PCB A1 to adjust variable

resistor R223 in order to obtain a symmetrical rectangular

wave.

Connect an electronic counter to the same points to calibrate

the oscillation frequency to 220 Hz with variable resistor RZZZ'



- 23 -

0V adjustment of output voltage (in 1V range)

Set the dials and the fine tuning knob to zero and the polarity
switch to '""+'". Connect a DC voltmeter (with a selectivity‘
of more than 1.5 mV F.'S) to the output terminals to attain

0V with variable resistor Rl30 (PCB Al)

Calibration of 1V range (PCB AZ)

Set the range switch to the 1V range and the dials to 999 and
turn the fine tuning knob fully clockwise. Measure output
voltages with a precision potentiometer with an accuracy of
better than 0.01% or a differential voltmeter to attain 1.0000V

with Rll7'

10V range (PCB Az)
Set the range switch to the 10V range with fhe dials and knob

in the above condition to attain 10. 000V with Rll6'

100V range (PCB AZ)
Set the range switch to the 100V range with the dials and

knob in the same condition to attain 100.00V with RllS'

1000V range (PCB AZ)
Set the range switch to the 1000V range with the dials and

knob in the same condition to attain 1000.0V with Rl 14°



- 24 -

Adjustment of protective circuit
Set the range switch to the 1000V range, connect a variable
resistor to the output to increase the current and adjust R124

so that the OVERLOAD lamp lights when the current reaches

11lmA.



5.

Check and repair
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For check and repair, see 4. PLINCIPLE OF OPERATION

In the example below, measurement is based, unless otherwise

specified, upon the power voltage of 0V as the reference.

Set the regulated power supply to the maximum output in the

1,000V range without any load connected.

The values are measured with a VITVM with an internal

resistance of 11M ohms.

Chopper amplifier (PCB A

)

1

Transistor Collector (V) Base (V) Emitter (V)
Q202 7.5 -0.65 0.6
203 0.58 0.6 0.1
204 0.63 0.58 0
205 3.8 0.63 0.1
A.stable multivibrator
Transistor Collector Base Emitter
1o |
Q207 6.4V mw DG-6.5V




- 26 -

3. DC amplifier (PCB A,)

[ Transistor Collector (V) Base (V) Emitter (V)
Q101 7.6 0 0.85
102 7.6 0 0.85
103 0.85 - 7.5 - 8.1
104 10.5 f.6 7
105 13.6 7.6 : 7
106 15 15 14. 4
107 5.2 13.7 ’ 14.4
108 ‘ 35 0.76 0.15

4. Protective circuit (PCB Al)

i

Transistor | Collector (V) Base (V) Emitter (V)
Q109 15 - 3.15 - 0.65
110 14.4 0 - 0.65

111 0 14.8 . 15




5.

Regulated voltage circuit (PCB A
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3)
Transistor Collector (V) Base (V) Emitter (V)

Qlol 33 16 15
102 33 16.8 16
103 16.8 29 29.5
104 16.8 8’.8 8.2
105 15 8.8 8.2
106 -15 -34.6 -35
107 -34.6 -16 -15
108 -16 -30 -30.6
109 -16 - 0.64 0
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