WVYOVIa 300749

AV 2§V .
R — z g TVNOIS .
¥orvea1vn ——c{[o) Bb. T NON :
2H 09/0S Addas SR04 d-dp z a984 2
ANTT ¥ 5 YaHod s HOVE BOLVHINTD “ 1 11noum0 OTEL ANIT s
ol 49AMS 4 r ornv i
] =
! 4 - 1X8
| yi 1ndn1
| OE. =~ tH) 3
- } : OTHL 1x3
ANY f —{— = aNI1
104100 < ONTHILIMS HOLYAANED YOLVIANTD dNY e
S TVLNOZTHOH aaams (v) | 5181 IM4NT ST¥Y %...5 DE
aWV ¥iing
SIXV-X
X144ns
AR
Buo'wnasnwajpe.| Bila wnasnwolpeIyYNIIS LEIA CHD)
9L INI
TYNDIS
JTHL dWV A40M014d
1109910 AWV HOLLMS 91Ul
1 SIXV-2 — 9181
dWY3dd LLY
Aosii- Y Yy ZHD S| ZHD
LDdNT :
A)THD
” 219071 (AT w
ONLHILIMS
“ dWV 4403014 g
-y ) |
fio wnesnwolpes 10 wnesnwojpe.) SIXV=X"OIiL \..V £
= !
e m% INTT D148 |
. AV JA0W =4
TVOILYAA CH R S ) W 2
< Lo i
TYRDTS LNFA THD THD
10dNT A

A OT+

130

FA0W 111NN

Lndino

TYNOIS
THD

{

W b, LA Dy Ty

X) THO




¥-c861)52
J-£4%81082
0-8%6382
A-STDLYSe
1-6001v¥S2
8-8FRYSE

.Uh

1-90Z1wse

ﬂl.
i

A-C280S¢
J-13888¢
A-7£88S¢

idg

¥£99Q52
9481352
¥8499852
O=%711vS2

933
1|
i
|
i

061382
G=n"gys2

HOLSISNVEL

EIZA{S D]
(M31A d01)

._@

99090
bl 0,L ]

7%= ]

BY;
Za

S80EYD

?9
3

ISP Y PP

AVHNY HOLSTSNVHL

9EH

8CELOY B27H
8rg 90y uBSSI
8re* 50y £8ssl

v T==

285161

v—{CTD—

NESSO-ANHD

| e T

10010

Bia wnasnwoipel|

A-QLINS2
T8-LTTXSE
€-201382

fio wnesnwolpes
H) w a

it

“r

" lUnasnuwoipels

LEFAE-RH
LE AR D

I
i

SOI-011

<
v

Soore S+ el .
T A GZ|F 0 0] ©
ox wa szle v | ow©
(LT Y
ox ox selo 0 ] @©
tw (xBz[y 4+ 0| © w0
ox ta 82{0 + 0l © | wowwas
v 04 b2{L B O] o
Ox 0A BX'a 0o O o
AN MG NG Y B LOf e
Awies
Hndy) Galv0 )
318¥L HINWL
(M3IA DL}

fio wnesnwojpes

T
N — g | (N

d)1H0 11
HISET
(&30 dD1)

¢ i
'Ilm.. 'ﬂluu'ta:
48£50%0L
12 —oc
yo—{2 ez —as
ot | g
Oat gz [ weurnimy
In ey
o on =L
a—o6
ef—ou
nonuen
»iOa|n wi—au
vowe |—09

RN NN

NERS T124NS
(miLn 4o1)

v
~— ul ne ISTL ~—
AND V. 0 g HddWV1ID @

28564961
(m3ty ao1)

190

NZIESTENS
REZTTISHINS
(M2IA dO1)

JdC0 4%
NCOS T9ENS
{M3IA 401}

awo %A dw W o 'a

v
NEANANONGRHED

L3 2

dai10%1
(MIIA dO1)

By By Sy Py hy ¥y B4

W ewbe MLy UL ey

ST O0TVNY ® TVLIOIA




(MTBA 2PTS s3aed)

wexbeT( UOT3IEDOT S3aed [Y dwueald 3IISA

—tp—
s«

—

@
W wE ey R oo | 1eze-oL-28
v e 15 <3 N
ot iz Dy .—dﬂ Qin Biorwnesnwolped
] mwr b e k& = :
- N et
' P s -
BB stbseces W bum_ww:ﬂ.av e * BT e (MTOA PTG S3ITCd)
PP pp s et cozth, I TS RN
- Zvin ve2d B 2B —— Wld [ i) — # . D B qES
BN 1 = : AMV (O 1 wegberdg UoT3ILD0TT S3Jed pv TOIFUOD LdD ¥ 1ED
B a _m oha fag % At x HSL
" -*w t g 2" €022
» TN g
0 W D 2 m" ... BN . ] s A P Pa2 2 s
1 : ol |t o el ”
- 2000 O bl e - RS, ] e
R e TOZAN YOZAR Il.ﬂmgln o . _o.y 0%& 640 WNasnwoIpes
WV LY3A e | T g\ Be0s” S gl 34 e
UBESIE) Z-G6ISEN | e &322 of
¥, u - — —_ : X ﬂ(_- - S60! mm.u
Y e 2ot
0+ _ o 1
- -r H ‘.QM
.ﬁvd v01g a2 : uum d = = m “ "2
o— 4 -sm - RVE04 J.m. |
st |2 - -l ! mﬂ i
o _.,“ g - Bk
] E : -
‘ m-w -5 i i Rveos — RVE03 _
el il PO
*m » " .ﬁ Bio'wWNnasnwoipel
—tpt *u ! Y m
e B il
e nW/ U S BT  ——the
S

.T 1E28-0L—28




o L 1 | EETE EEstg | SO u.
et ey g S Ll o o\ i o
i ] & e i 4- . s i WOW ¥ )
dl ] =y, I el ST
= o Sivyd - b4 B4 Hﬂﬂn m ) —|e O
2z _nﬁmw.ilu “mm“_lw hmmﬂn & laquﬂ— VWW QO m% w sivwo 8| m ]
e D 1E8 e O-nmu o S L Iloﬁi Sq.. - ,...v
PPED  m——— . o ! m dlm @ Al & g
. v W AL LI N I8 “ = ON‘U L m
— n.°>/m«..w T m 8 . & Jﬂ«dlA w O

Noc mm-., ; 3u

=
g -d
..... S
R
uuuuu 1059 " oen 4 W
cA
m ~ ] o :
' JEDINE mm TE wm& i L
g™

- g_r,wm: #B m

'
)
'
1
i
N24e
VE

- l'




LOWER PRINTED CIRCUIT BOARDS
l Front
S § [ (ST
. Clozc10s|1/100 |, €202C205
L0 ATT A 0e croe|art ! /10 AT 204206 [1/100 ATT
CAL 2DJ @ @ | @ @
|
|
CH1 PREAMP : CH2 PREAMP
RV1606 [
|
® — STEP BAL | STEP BAL
@ @ RviC] : & rvz01
I [as ]
c132 { €232
x5 NAG BAL [MH 2 § M4z
O avioe Ve | x5 HAG BAL comup
' ® rv200
x5 GAIN | .
® avioz I 5 AN
0C BAl : e
L 0C BAL
® avios : RV206
|
|
|
l
‘Al l
Figure 7-8
2 2
c e
£ g
= =
[} [
v W
- =
£ “E
g 5
T
e
| |
1 T
! ' 1 2nd AMP | cH2 2nd AMP
| ]
@ ! ! i [ caue
! ! comp
! ! ! S rv207
| | | TRIG
|  1R1G : l DC OFFSE!
) | DG OFFSET | :
H.V UNIT . i .
! @ P ® 1 Srizto
| 1 > |
| 1 |
1 1 |
® | : |
| 5 | |
| E T ,
| 2 | ©poc 380
o 1 2 | rVLdl
§ | 5|
- = |
SUB |5 RV820 % ! 3 [ VERT MODE SYITCHING CIRCULT
FOCUS ¢ o mm———— L
|
£ | @ ® !
T |
[ : G i o b
H.V & CRT CIRCUIT : |
i 1MHz [@Rvno |
i p VERT |
; i T P POWER SUPPLY
: 100kHz @RV411 :
CR1 L 1 comMp |
= LU YRvezt | | NEFEYY
BIAS o H |
ASTIG | M |pyezo : @® @ : RVAD1
| |
A2
Figure 7.7




Front

1 re] 1 | T
[ I [ I 1 1__l [7 1 [
1 aS CAL
L ® | UPPER PRINTED
el CIRCUIT BOARD
2| @
i jcua { 1 aS CAL |
o2l 1y A I RYBDE @I
|
| |
: bops ea
1S AL 1 sl
CH3 X el
CH3 1 MHz [ 5 E
SAIN COMP : E
@ i § :
1
RYSCE st | g
| S
t T |
TRIG CIRGULT : B SWEEP | A SWEEP
s b |
E\ ! |
=] ] ;
= I
E 1 DT |
5 : START |
£ | ADJ @ |RVE04
2 | |
E : ] OT ENO | B SWEEP
_________ TTTT1 ADg | POSTTICN
I @ 1@
_ RVB03 _ | Rv60s _ |
SWEEP LQEIC.
CH3 HOR T Figure 7-9
GAIN |
@ RY503 :Km
CH3 HOR | MAG GAIN
(X) AMP : @ rv01
I
@ RY504
X-Y PDSITIGM‘ ADJ

radiomuseum.org

e ’
@ @ DREOTDNCT)
| y

w
- @radiomuseum.org

Y

Py
—

\ \

‘ \ ! :
(LOSCOPE oMMy \,  \oommmmia | i
‘l \é\v‘,*\ =

\ O\

.
\-— \
9

A\on




6. CIRCUIT DESCRIPTION

General

The overall circuit structure of the oscilloscope

a block diagram in Figure 6-1.

It is comprised of

is as depicted with

a vertical deflec-

tion circuit for moving the beam spot in the Y-axifs direction on the

CRT screen, a horizontal deflection circuit for moving the beam snot

in the X-axis direction, a CRT circuit for operating the cathode-ray

tube, a calibrator circuit for calibrating the ingtrument probe, and

A power supnlv circuit for supplving nowers to the

of the instrument.,

usaum.org

The vertical amplifier circuit hasétwo mutually iy
3 [

fiers (Cngand CHZ)T a vertical switching circuit
£ :

H 3 -
a verticaljoutput amplifier.

adiom

Each of thé preamplifi mplifies or atteunuales

of several millivolts to®

for handling bv the subsequ tages.

signals are sent to the verti

2 .
signals alsosare picked off at thig stage.

useum

The vertical§switching circuit electrop
T ° i

switching circuift.

ically switches the

various circuits

idependent preampli-

. a delav line, and

its input signal

weral hundreds volts into a level suitable

The condiftioned vertical

The trigger

vertical

signals received from the CH1l and CH2'preamplifiqrs and the Cil3

switched signal is

signal received from the trigger generator..:.The

fed via the delay line circuit to the verti

’ v » m . i
The trigger signals also are switchedsand fed:a

signals to the trigger gencrator.

radiomuseum

The vertical output amplifier amplifies

is received through the delav line circuit, into

tput amplifier.

internal trigger

the vertfical signal, which

a level of several

volts to scveral tens volts for vertically deflecting the beam spot

on the CRT screen.
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The horizontal deflection circuit has a trigger generator,

sweep

generator, a horizontal switching circuit, and a horizontal outout

amplifier.

The trigger generator receives the internal trigger

vertical switching circuit or an external trigger

signal from the

$ignal from the

EXT TRIG (CH3) INPUT terminal and amplifies the signal and generates

a trigger pulse signal.

The A sweep generator is driven by the trigger puls

trigger generator and produces the A sawtooth signal.

e
generator nroduces;a sawtooth signalfeven when no {

applied to it (thegAUTO mode) .

diomuseum

radiom

The B sweep generafor.produces the B®sawtooth signg

by the delayed sweeﬁ; rt signal produced with res
sawtooth signal when {ﬁftﬁé_continUOUS delay mode (

mode (HOR DISPLAY: A

When in the synchronized dela
sweep generator generates the Bmgawtooth signal bei

trigger pulse signal of the t?iggér generator which

above delayed sweep start signai:

The horizontal switching circuit elécrrgﬁically swilt

signals received from the A and B sweeﬁ

HOR

enerators

signal received from the vertical swifch{ng cire

mode of operation, and sends thesSresultan

P Pt
X-Y 2 " sign

s by :
tal output amplifier. i

5

B ;
The horizontal output amplifier amplifies the outpup

horizontal switching circuit to a level of several
[~
tens volts inforder to drive horizontally the beam &

screen.

radiomuseum

The CRT circuit is comprised of a high voltage gene
regulator) to accelerate the electron beam emitted f
cathode, a Z-axis amplifier to amplify the signal to
return traces, and a CRT control circuit to operate

in its optimal state.

- 60 -

e signal of the

The sweep

rigger pulse is

1, being driven
pect to the A
HOR DISPLAY:

B)o
TRIG'D), the B

ng driven by the

follows the

ches the sawtooth

and the CHl1 & CH3

uit when in the

al to the horizon-

signal of the

volts to several

pot on the CRT

rator (the HV

rom the CRT
blank out the
the CRT tube




.

The HV regulator provides a -1.8 kV voltage yhich is applied to
the CRT cathode to accelerate the electrons éemitted by it and a
10 kV voltage which is used as a post-acceleration voltage to

accelerate further the electrons after passing the vertical and

horizontal deflection plates.

The Z-axis amplifier amplifies the unblanking signals received
from the A and B sweep generators and the trace intensity control
signal to a level of several tens volts in order to be applied to

the 1stfgrid (control grid) of the CRT via the CRT circuit.
E

useu

The CRT§circuit provides the various voltages|for the CRT elect--
-]

rodes sG that the CRT operates in an optimal Ltate, displaying

sharply-focussed less-distorted signal waveforms. It also condi-

tions the signalsireceived from the Z-axis amplifier and other

circuits into le suitable for application|to the CRT.

Preamplifiers

radiomuseum.org

The CH1 preamplifier amﬁlifiJshthe signal of the CH1 or X input

terminal. The CH2 preamplif ‘amplifies the [signal applied to the
CH2 or Y input terminal. A détafleﬂ block diagram is shown in

Figure 6-2.

Input coupling switch:

The input coupling switch (S101/S201) selé@xzhAhe input coupling

mode for AC, GND, or DC. Vhen the GND state i>}selected. the
preamplifier input is isolated from the inputtwerminal and is
grounded so that the base line (0 level) on the CRT screen can be

checked.

radiomuseum.org
radiomuseum.org
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Attenuators:

Each of the CH1 and CH2 attenuator circuits congists of two attenu-
ators: The lst attenuator for 1/1, 1/10 and 1/100, and the 2nd
attenuator for 1/1, 1/2, 1/4 and 1/10. By switghing these attenuators
with the VOLTS/DIV switch (S102/202), the signall can be attenuated

for a total range of 1/1 to 1/1000 in 10 steps.

The lst attenuator directly attenuates the signall received from the
input coupling switch and feeds the attenuated sfignal to the voltage
follower. The 2nd attenuator attenuates the lowrimpedance output
signal of the voltage follower and feeds the attpnuated signal to the

1st differential cascade amplifier.
o it

m.or:

= W sl
Impedance§convert
‘ :

iomuseum.org

d

adio

The impedance convertﬁrﬁppovides %ith its source|follower (Q101/0201)

a high input impedance'tnlﬁrevent the loading effect on the high-

impedance attenuator circui and provides a low qutput impedance with
its emitter follower (CHl1 aﬁd: HQ) to drive the lst differential
guard against

-FET package which

drift compensation

: 2
and the emittersfollower employs two premium-gradle thermally-coupled

um

transistors. 2
H
=
2
1

1st differential cascade amplifier:

adiomuseum.org

The 1lst differential cascade amplifier is comprised of an emitter-
connected differential current amplifier (U102-1/p, U202-1/2) and
a current-to-voltage converter (Ul102-2/2, U202-2/9) which converts
the differential collector output current of the differential
current amplifier into a voltage signal. This amplifier also has
the VARTABLE circuit for continuously variable adjustment of the
sensitivity between two adjoining vertical deflection sensitivity
ranges selected by the VOLTS/DIV switch and the X3MAG switch for
magnifying the vertical sensitivity by 5 times to realize the

1 mV/DIV sensitivity.




VARIABLE circuit:

The VARTABLE circuit continuously-variably adjusts the vertical
sensitivity by shunting with potentiometer RV105/RV205 a part of
the collector current amplified by U102-1/2 or U202-1/2.

Adjustment (attenuation) can be done with a ratio of 1/2.5 or over.
XH5MAG circuit:

The x5MAG function is to increase the vertical sensitivity by 5
times by switching the emitter resistor of the 1lst differential

cascade amplifier.

eum.org

2nd dlfferentlalgcascade amplifier:

radiomuseum.org

g %5 b
The 2nd dlfferenEI ;1 cascade ampllfler IS, 108, 110, 111, OF

Q205, 206, 209 - Z”Z'Eamplltles the output of the lst differential

cascade amplifier Lo_a sufficient level for driving the vertical

switching circuit. Tﬁemgkhunded—base stage (Q110, 111/Q209 - 212)

of this cascade amplifier. HESva function of preventing the switching

signal of the vertical sw1tch 1g. circuit from being rcturned to the

nreceding stage and mixed 1ntopth

16 trigger signal or the signal of
the CH1l signal output amplifier Qr,tho CH2 signal, this amplifier

also has a function of inverting its .polarity. This polarity

inverting functxonmls accomplished by :w1tch1ng with the INV switch
the base gr0und1ng§stages of 0209/210 and 0211/212 to which the
collector CUrrentsowhlch have been currentfgmpl}fied by Q205 and

Q206 are fed in a croselng manner.

Different from the case of the lstidifferential cascade amplifier,

radlomuseum. org_

the output signal of the 2nd diffetential cascade amplifier is fed
directly in the form of the current signal to the diode gate of the
vertical switching circuit. The current signal for vertical posi-
tioning of the trace on the CRT screen is added to the output cur-
rent signal of the 2nd differential cascade amplifier, being cont-

rolled by potentiometer RV109/209 of the positioning circuit,

- 64 =
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6.3

0]

Trigger signal amplifier (& CHl signal output amplifier):

This circuit amplifies with its Ql07, 108/Q207, 208 the signal

picked off from the 2nd differential amplifier, and converts with

its Q109 the collector output of Q107 into a low-impedance CHI output
signal which is fed to J-8C. The collector output signal of
Q108/0208 is fed as a trigger signal to the internal trigger

switching circuit,
Vertical Switching Circuit

The vertical switching circuit isEcomprised of a vertical signal

radlomuseum.org

switching circuit (diode gate circuit) which electronically switches
the vertical signals received from the CH1 and CH2 preamplifiers and

the CH3 signal rece;“

ed from the TRIG generator, an internal trigger
signal switching ci ui't, which electronically switches the trigger

signals, and a switcﬁiﬁémiqgic circuit which controls these switching

circuits.

seum.ory

The verticald SLgnal switching c1rcu1t is, as shown in Figure 6-3,

comprised of a diode gate c1rcu1:ann ADD BAL circuit, and a switching

buffer c1rcu1t which receives the S gnal from the diode gate circuit.

eum.org

Diode gatefcircuit:

radiomu
» radiomuseum ig,

The diode gate circuit (CR102 - 105% 204, CR301 - 304)
selects the CH1 - CH3 signals being controll d ”y_the signal of the
switching logic circuit according to the mode selﬂ:ted by the VERT

MODE switch (S501).

For example, when the VERT MODE switch is set at CH1, the CH1
control signal becomes the Hi state, and the CH2 and CH3 control
signals become the Lo state. Consequently the output signal of the
CHl preamplifier is fed through CR104 and CR105 to the switching
buffer circuit consisting of Q403 and 0404. The signals of the
other channels arc fed through respective diodes CR202/203 and
CR302/303 to the control circuit. Thus, the signal of CHL alone is
fed to the switching buffer circuit and the signals of the remaining

channels are blocked.
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Figure 6-3 Vertical switching circuit




ADD BAL circuit:

When the ADD mode is selected by the VERT MODE switch, the control
signals of both CH1 and CH2 become the Hi state, the signals of
the CH1 and CH2 preamplifiers are fed through CR104/105 and
CR201/204 to the switching buffer circuit, and the two signals are
fed as their sum signal to the output circuit. he function of
the ADD BAL circuit is to compensate for the DC balance shift caused
by the above addition operation, with its ADD BAL control (semi-

fixed potentiometer RV401).
Internal trigger signal switching circuit:

The internal trigger signal switching circuit directly controls, with

the control siénafs%from the switching logic circuit, the diode gate
circuit (CR205 -:Zﬁgxayhich is similar to the vertical signal

switching circuit. *$ﬁéﬂ§rigger signal which has |passed the diode

gate circuit is deliver ‘as the_internal trigger signal via

S
connectorgP—IO.

muse!
iomuseum.org

Switching%logic circuit:
]

o
=

Q :

g . E 4 : by &
The switchingzlogic circuit is comnp
v Eh

g

tical switching

sed of a ve

al signal switching circuit

9 .
logic circuitSwhich controls the ve
T
o
and an internal trigger switching§logi ‘rcuit which controls the

3
internal trigger signal switchingfcircuit

The vertical switching logic circdit is comp

adiomu:

ise

.of a ring counter
which is consisting of two flip-flops (U503~l/2; /2) with preset/
clear terminals and a code converter (U504) which receives the ring

counter output and generates control signals for individual channels.

Switching can be done for any combination of channels by turning on
and off the preset/reset terminals of the ring counter. The code-

converted control signal is fed to the internal trigger switching

logic edreuits

e BT &




6.

4

The internal trigger switching logic circuit dontrols the internal

trigger switching circuit by switching with I(

signal selected by the INT TRIG switch (S502)

U505 the control

and the control

signal received from the vertical switching logic circuit. This
rclationship is shown in the following table.
MODE TRIG VIEW
INT CH1 ADD CH2
TRIG e
CH1 Triggered by CHI1
CH2 Triggered by CH2
VERT MODE Ttig*d Trig'd Trig'd Trig'd
by CHIL by CH1 by CH2 by CHL

*: The triggef functions of VERT MODE are ¢

a single-cha splay or in a multipnle-~¢

ALT mode. ‘'They remain idle when in the CH{)

2 2
g 3
E :

Delay LineCircuit i
£ i
s 3
'g i T <]

The vertical signal which has the diode

fied by the switching buffer circ (Q403, Q40

buffer circuit drives the delay 1lii vith a m4

ffective only when in
hannel display in the

P mode.

gate circuit is ampli-
4). The switching

tched output impedance.

The delay line is used to prevent theitq:gégr point of the signal

from being lost from being displayed on thg,éér

in the horizontal deflection circuits or the '

For the delay line, this oscilloscope employs

provides a delay time of approximately 100 nanolscconds.

een due to time lag

xis amplifier circuits.
elay cable which

The vertical

siynal which has passed the delay line is fed tio the vertical output

amplifier.

radiomusaum.orgy
radiomuseum arg
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6.5

Vertical Output Amplifier

The vertical output amplifier is comprised of a
which receives the output signal of the delay 1i
impedance, and a final amplifier which drives th

plates of the CRT.
Delay line receiver circuit:

The delay line receiver circuit (Q410, 411) is a
negative feedback amplifier which,
R423,
(Zo

with its inpu
provides impedance matching with the chara

186 ohms) of the delay line.

‘

=

g

™
Q
E =k,
o
w

Final amplifier::%

radiomuseum.or|

radiom:

The final amplifier b 's:s the sighal to a level

driving the vertical deflectlon plates of the CR

of a pair of feedback- tvper

P amplifiers.

Transistors Q412, 413/Q414, 41' current -amplify
sufficient for driving tran91qtors Q&l? 418/Q41

which has been voltage-amplified by

is returned to the input circuit thrdﬁ

(R435/R436). The gain in this case is"a§

_ R43S . R436
Av = 798 Av' = 2429

Transistors Q416/Q421 are for the dynamic bias ¢

the bias current with respect to the repetition f

signal in

radiomuseum.org
radiomuseum.org
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ran51stors Q

the nega

order to economize current consumption.

delay line receiver

ne with a matched

=

vertical deflection

low input impedance
t resistors R422 and

¢teristic impedance

sufficient for

T

It is comprised

t
9

he signal to a level
s G20k

417,

The signal
418/Q419, 420

tive feedback circuit

#cuit which controls

requency of the




"6.6 Trigger Generator

The trigger generator is comprised of a trigger pulse generator
circuit which produces a trigger pulse signal for driving the
Sweep generator and an AUTO circuit which produces a free-run
signal for automatic sweep operation when the trigger signal is

asynchronized or no trigger signal is applied.

The trigger pulse generator circuit of the trigger generator is
comprised of a source switch which selects a trigger signal source,
a counling switch which selects a coupling mode in conformity with
the nature of the trigger signal source, an impedance converter
circuit which convertsgthe high-impedance trigger source signal into
a low-impedance-signalgwith which to drive the level comparator

circuit which LontrolsEthe start point (triggered point) of the

signal waveform d{splayed on the CRT screen, a TV synchronization
separator circuit whié¢h" picks off the synchronization signal from

the TV video signal, anc

Schmitt trigger circuits which convert

the output signals of theilevel comparator circuit and TV synchro-

nization signal separator cﬁf Uit into TTL level signals.

0 Source switch:
o

o

O

The 90urce=sw1tch (8502) selects the 1nt9rnal trigger signal fed

from QS]O,othe line trigger signal fed from R585, the external

trigger 51gnal fed directly from J-61C, or the signal fed from

J61C through the 1/5 attenuator in order tq,”

e .converted into

' fed to the

the EXT + 5 TRIG signal. The selected signal "

coupling switch.

o Coupling switch:

radiomuseum.org

The coupling switch (S503) selects the counling mode: It selects
the DC mode for direct coupling of the signal fed from S502, the
AC mode for discarding the DC component, or the HF REJ mode for

coupling via a low-pass filter. Switch $503 selects ON or OFF of
the TV synchronization signal separator circuit which facilitates

observation of a TV video signal.
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0 lmpedance converter:

The impedance converter is a temperature-compensated-type cathode
follower (Q512) with dual FET's. It converts the trigger signal
selected by the source switch and coupling switch into a low-
impedance signal. The impedance is lowered further by the emitter

tollower of U510 and then the signal is fed to drive the level

comparator circuit.

It also deliversSthe TRIG VIEW and CH3 signals from its U510 Pins
Nos. 8 and 11.

radiomuseum

o Level comparator:

adiomuseum.org

The level compargé'r is a differéntial cascade amplifier (U510,
Q513, Q514) which.

‘usts the rise up portion (or the fall down

or output signal by applying to U510 Pin

No. 9 of the current amplifier stage the trigger source signal

from the impedénce conver circuit and adding to U510 Pin No. 6

the comparator level signa

(RV501-1). In this case, if

pl

the LEVEL control potentiometer
th S503 which is linked to the

LEVEL control_ jpotentiometer isﬂiéckéd, the comparator level signal

] e
is applied toEU501 Pin No. 6 from the
2 :

vel lock circuit and the

rkadiusz. kolosowski@enea.

1%} Rty .
‘trigger pointfis fixed at the centerZamplitude of the trigger

T
source signalf

adiomuseum.

The level lock circuit amplifies with its err

amplifier (U511)
the error signal detected by Q515 and Q516, and
signal so that the center level of the comparator output signal

becomes the Schmitt level of the Schmitt trigger circuit.

It also sclects a slope by switching the polarity of the output

signal of the cascade amplifier (U501) with the diode switch

circuit.

The output signal of the cascade amolifier is fed via the buffer
amplifier which is used also as a TV synchronization signal

separator circuit.
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Buffer amplifier/TV synchronization signal separator circuit:

This circuit operates either as a buffer amplifier or as a TV
synchronization signal separator circuit, being selected by the

transistor switching circuit (Q517, 518).

When Q517 is on and Q518 is off, the circuit operates as a buffer
amplifier and amplifies the output signal of the level comparator

to a level sufficient for driving the Schmitt circuit of the next

stage.

When Q5175is off and Q518 is on, the circuit operates as a TV
T
synchronization signal separator circuit and picks off the TV-H

synchronization signal, which is pulsewidth-detected into a TV-V

synchronization signal by the Schmitt circuit of the next stage.
: ) o

I

TRIG Schmitt circuit

radiomuseum.ol

The TRIG Schmitt circuit is a conventional one which generates a

hysteresis voltage by appiy beedback signal with R567 to the

two stages of NAND gates of US .The output of the Schmitt circuit

drives the A and B SWEEP generators and AUTO circuit.

AUTO circuit:

The AUTO circuit is comprised of a uni-junction transistor (UJT)

circuitry made up by connecting mutually th s and collectors

(Q522). This

circuit converts the high-speed pulse output signal of the Schmitt

of a PNP transistor (Q521) and an NPN transisto

circuit into a DC signal, which is conditioned for waveform-shaping

by the gate circuit (U513) to drive the A sweep generator and the

TRIG'D LEDglamp.

radiomuseum.org
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A and B Sweep Generators

The A sweep generator produces the sawtooth signal for the main
sweep (A sweep) of this oscilloscope. The B sweep generator

produces the sawtooth signal for magnification in the time axis
direction the waveform displayed on the main sweep or for display

with a certain time delay (delayed sweep or B sweep).

The A sweep generator consists of the A sweep gate circuit which
receives the trigger signal from the trigger generator and
produces the sweep gate signal for starting sweeps, the sweep
start comparator which maintains stably the sweep start point,
the A sawtooth sweep generator which produces a sawtooth wave

in conformity: the time constant selected by the TIME/DIV

switch, the swe ength circuit which controls the length of

sweeps, the hold Oiim

ircuit which controls the sweep return

period and pause perio w and the A sweeppgate enable circuit
i i o

which controls the swe

_gate circuit injconformity with the

AUTO, NORM or SINGLE modéx

ffglected by%the MODE switch for
f - °

i ©
the signals of the above control circuits.

A sweep gate:

adiomuseiim.o

The A sweep gate circuit employs®a fli;u lop TTL IC (U602-1/2)

with preset/clear function. The trigg se of the trigger
generator is applied to the CLOCK (Pin No. n
enable signal of the A sweep gate enable c{}c to the CLEAR
(Pin No. 15) terminal, and the enable signal and AUTO signal

of the AUTO circuit to the PRESET (Pin No. 4) terminal through
the NOR gate circuit. The Q (Pin No. 5) terminal output is
applied asgthe unblanking signal to the Z-axis amplifier and

the 6 (Pin%No. 6) terminal output is fed to the sweep start
comparator%cirCUit and becomes the A sweep gate signal. Even
when no trigger pulse signal is applied to the CLOCK terminal,
the Q output can be made the low state with the AUTO signal of
the PRESET terminal so that the A sweep gate signal is generated

and the circuit operates in the free-run mode.
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Sweep start comparator:

The sweep start comparator (Q601, 602) is a differential ampli-
fier which lets the sweep gate signal pass and maintains constant
the sweep start level. A start reference level identical with
the B sweep start level is applied to one of the inputs, the
Miller integrator output signal is applied to the other input,

and the difference between the two signals is compensated for.

A sawtooth generator:

2
9

g ; C 4 :
The A sawtoothggenerator 1s comprisedfof a gate transistor ampli-

diomuseum.org

fier, a Miller§inte rator, an integration time constant switchin
4 g 24

rad

circuit, and a TIME/DIV switch which controls the switching

circuit. The ‘gat transistor amplifier (Q604) controls the

Miller integrator uit in such manner that the start level
control signal and swéep gate signal of the sweep start compa-
rator do not affect the’ tegration time constant. The Miller

integrator (Q606, 607) pr. uces a sawtooth signal with the time

constant selected by the i ration time constant selector cir-

cuit. The integration time congtant selector circuit selects

integration capacitor C609/C611 ‘w Q605. For integration

current, resistor array R671 is directly selected by the TIME/DIV

switch (S604-2).

Sweep lengthfcircuit:

dlomuseum.ory

The sweep length circuit divides with resistors “R620 and R621, and

shapes the waveform with Q612 to obtain a sweep length signal.

Holdoff circuit:

diomuseum.org

The holdoff circuit generates a holdoff (pause) time signal
proportional to the sweep time by producing a triangular wave
with an integrator circuit and making use of the rise time of
the triangular wave. The integrator, with its Q610, selects the
timc constant in accordance with the integration output voltage
in order to cover a wide time range. The output signal of the

integrator circuit is shaped by Q611 into a holdoff signal.
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A sweep gatc enable ecircuit:

The A sweep gate enable circuit employs the flip-flop IC (U602-
2/2) which makes up a pair with the A sweep gate circuit. The
holdoff signal is applied to tne PRESET (Pin No. 10) terminal,

the length signal is applied to the CLEAR (Pin No. 14) terminal,
and the enable signal is delivered from the Q (Pin No. 9) terminal.
This enable signal presets or clears the A sweep gate circuit.

When in the NORM sweep mode, the output signal of the AUTO cir-
cuit is blockedgand, if no trigger signal is applied, the circuit
is in the readyésrare. When in the SINGLE sweep mode, the holdoff
circuit remainséidle and a one-shot sweep is effected by the

T
reset signal apslied from the CLOCK (Pin No. 13) terminal.

The basic struclire 'of the B sweepPgenerator is identical with

£
that of the A sweep rator. Itjconsists of the B sweep gate,
3

sweep start comparator,

sawtoothégenerator, sweep length cir-
cuit, B sweep pnable circ and gelay pickoff comparator. The
B sweep generator require 1doff circuit because it operates
only during the period the A ep generator is in the sweep
operation. Instead of the hold ‘signal, the A sweep gate

signal sets the B sweep enable ci to the enable state.

Delay pickoff comparator:

radiomusaum.org
diomuseum.or:

Ihe delay pickoff comparator (Q613 - 615) em loys a dual FET

(Q615) to obtain a certain time relationshipmaéréet by rhe delay

time multiplication potentiometer (RV605) with respect ro the A

sweep signal. The comparator compares the A sweep output signal
(sawtooth waveform) with the voltage sel by RV60S, generates a
delayed sweep start signal, and sets the B sweep gate circuit to
start the B sweep signal. When in the R TRIG'D mode, the B sweep
gate circuit is not set directly with this delayed sweep start
signal but the PRESET (Pin No. 4) terminal is set to the high
state and the B sweep signal is started as driven by the trigger

pulse of the trigger generator.




6.8

6.9

Horizontal Switching Circuit

The horizontal switching circuit is comprised of a switching
butfer circuit which prevents switching distortion from being
sent to the sweep circuit of the preceding stage, a display
switching eircuit which electronically switches the A and B SwWeep
signals and CH1 HOR (X) signal, and a display logic circuit to

control these circuits.
Switching buffer circuit:

The switching buffer circuit is of a grounded-base-type amplifier.
Transistor Q608 is for buffer-amplification of the A sweep signal,

or the B sweep signal.

transistor (62

Display switching

dlomuseum.org

with its analog signal multiplexer

sweep signals and CH1 HOR (X)

The display swi(rhiném ;
IC (U607},gselects the

signal.

Jadlamuseu|

The display switching logic cireu with its flip-flop (U606-
1/2) which has a preset/clear terminal, :controls the display
switching circuit in conformity with ih” :
by the HUR DISPLAY switch (S601). With

(U606-2/2), it generales the alternate swite

éperation mode selected
inother [1lip-flop
ulse signal

for the vegtical axis circuits.

m.ar

HorizontalgOutput Amplifier

dlomuseum.org

diom

The horizofital output amplifier Tonsists of a drive amplifier
which selects between NORM and x10 MAC mode for the horizontal
signal received from the horizontal switching circuit and drives
the output amplifier, and an output amplifier which drives the

dorizontal deflection plates of the CRT.

e T e




Drive amplifier:

The drive amplifier (Q701 - 704) converts the horizontal signal
received from the horizontal switching circuit into a differential
signal, with which to drive the output amplifier. With Q701 and
702, gain of the differential amplifier can be multiplied by a

factor of 10 for the x10 MAG function.
Output amplifier:

The output amplifier (Q705 - /12) is comprised of feedback-type
SEPP amplifiers symmetrical for right and left which provide

sufficient speed and output voltage for driving the horizontal

deflection pl

¢s of the CRT. The signal current-amplified by
Q705/Q/06 is conyié

ted into a voltage signal by Q707 - Q712 to
obtain a sufficiently:. high gain and a sufficiently low output
impedance. By means ofinegative feedback resistor R720/R721

a stable gain and@wide flatgfrequency response are attained.

7Z—-axis Amplifier

Iomusaum

rad

The Z-axis amplifier is compr of an input circuit and an

output amplifier. The input cirgi erges the unblanking

signals of the A and B sweep genera the external intensity

.

modulation signal applied through the axis input terminal, the

B intensity control signal, and thc ovctall :intensity control

signal. Thegoutput amplifier amplifies the.merged signal into

a sufficientdlevel for driving the Gl grid RT.

mu

2
b
; 4
Taput circuit

dlomuseum.org

The input circuit merges the u%blanking signals of the A and B
sweep generators, the chapped hlanking signal, the external
intensity modulation signal applied via the X-axis input terminal,
and the overall intensity control signal. The resultant compound

signal is fed to the output amplifier.

= T8 =
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6.11

6.12

Output amplifier:

The output amplifier amplifies the above compound signal to
several tens volts. Tt is of a feedback-type SRPP circuit
(Q821, 822, 825). This amplifier also generates (with its

Q823, 824, 826) a linear focus signal which is in the inverted
phase of the unblanxing signal. The amplified unblanking output
signal and linear focus signal are fed to the G1 and P1 of the
cathode-ray tube through the CRT circuit to drive the intensily

and focus of the displayed waveform.
o

m.org

CRT ControliCircuit

dlamuseum.ar

adlomt

The CRT contfol circuit is coﬁ%rised of a DC regeneration circuit

e linear focus signal and the unblanking output

which conver

signal of the is. amplifier into the operating-voltage signals

of the CRT in order to.be applied to the focus clectrode and Gl
electrode of the CRT, semi-fixed potentiometers ASTIG (RV822),
GEOMETRY and SUB-FOCUS (RV820), a trace rotation circuit for
adjusting the trace direct “in parallel with the horizontal
graticule lines, and an illi tion circuit for illuminating

the graticule.

m.orgy

DC regenerationécircuit:

adlamuseum.ory..

radlom

. (4

The DC regeneration circuit converts th ear focus signal and

unblanking signal of several tens to scve) hundreds volts into

AC signals with the switching signal of the

cuit, and then converts them back into DC signals with respects
to the cathode voltage and focus reference voltage of the sub-
focus potentiometer in order to provide a focus signal and an

unblanking signal of the operating voltages of the CRT.
HV Regulator (High Voltage Generator)

The high voltage generator produces an acceleration voltage
(=1750 V) applied to the CRT cathode and a post-acceleration
voltage (approximately +10 kV) applied to the CRT anode to

accelerate the electrons beam which have passed the X and Y

deflection plates and mesh electrode. The circuitry is a
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5.

13

DC-DC converter with blocking oscillator (Q820), with resonance
of the secondary coil winding. The high voltage of approximately
3600 Vp-p (frequency approximately 30 kHz) generated by the
blocking oscillator is 6-times valtage-multiplication rectified
by a Cockcroft circuit into a positive voltage of approximately
18 kV and it is half-wave recltified into a negative voltage of

~1730 ¥,

This DC-DC converter feeds the ncgative voltage of approximately
1800 V via a high resistance circuit (R862, RB64) to Lhe control
circuit (U820) to obtain a stabilized acceleration voltage. It
also is fed through a capacitor-coupling circuit to the DC regene-

ration circu

it-in order to he used as the switching signal.

-

PoweriSupply €ircuit

radiomuseum.org

The power supply ci up or down with its power trans-

e into various voltages and rectifies

them to DC supply volfa s for the various circuits of the

of the power transformer is
of a split type, in order tha | oscilloscope can be operated
on various AC line voltages by’ ;ie;ting the transformer taps
in series or parallel as required ans of the line voltage
selector plug (P-47). Regarding the secondary circuit, the
transformer has one 6.3 V winding for t T heater and two
windings of different voltages for differe ircuits of the
CRT. The AC voltages of the two windings are rectifies and
supplied as non-regulated +16 V power and rcgulated +145 V,

+12 V, +5V, and -12 V powers.
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6.14 Cafihrator Circuit

dlomuseum.org

The calibrator circuit proviSes square-wave calibration voltage
signal of 2 Vp-p which is used for calibratlion of the probe and
the awplifiers when they are operated in thie non-calibrated

mode. The voltage accuracy of the calibratfion signals is 2% or
better. The calibration signal is produced| by generating a signal
with the multivibrator of CMOS IC (U1601 1/k, 2/4), shaping the
waveform with the Schmitt circuit of CMOS IC (U1601 3/4, 4/4),

and dividing the voltage signal with resistors.
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