
350 MHzVHF Dual Channel, Dual Time Base Osci I loscope 

PM3295 

Service Manual 
482287205305 
860207/2/01 

PH I L I  PS 



1. SAFETY INSTRUCTIONS 

Read t h e s e  pages c a r e f u l l y  b e f o r e  i n s t a l l a t i o n  and use  of t h e  
i n s t r u m e n t .  

1.1. I N T R O D U C T I O N  

The f o l l o w i n g  c l a u s e s  c o n t a i n  i n f o r m a t i o n ,  c a u t i o n s  and warnings 
which must be  fo l lowed t o  e n s u r e  s a f e  o p e r a t i o n  and t o  r e t a i n  t h e  
i n s t r u m e n t  i n  a s a f e  c o n d i t i o n .  
Adjus tment ,  ma in tenance  and r e p a i r  of t h e  ins t rument  s h a l l  be c a r r i e d  
out  o n l y  by q u a l i f i e d  p e r s o n n e l .  

1 . 2 .  SAFETY PRECAUTIONS 

For t h e  c o r r e c t  and s a f e  use  of t h i s  ins t rument  i t  i s  e s s e n t i a l  t h a t  
b o t h  o p e r a t i n g  and s e r v i c i n g  pe r sonne l  f o l l o w  genera l ly- accep ted  
s a f e t y  p rocedures  i n  a d d i t i o n  t o  t h e  s a f e t y  p r e c a u t i o n s  s p e c i f i e d  i n  
t h i s  manual. 
S p e c i f i c  warning and c a u t i o n  s t a t e m e n t s ,  where they  a p p l y ,  w i l l  be 
found throughout  t h e  manual. 
Where n e c e s s a r y ,  t h e  warning and c a u t i o n  s t a t e m e n t s . a n d / o r  symbols 
are marked on t h e  a p p a r a t u s .  

1 .3 .  CAUTION AND WARNING STATEMENTS 

C A U T I O N :  i s  used t o  i n d i c a t e  c o r r e c t  o p e r a t i n g  o r  maintenance 
p rocedures  i n  o r d e r  t o  p reven t  damage t o  o r  d e s t r u c t i o n  of 
t h e  equipment o r  o t h e r  p r o p e r t y .  

W A R N I N G :  c a l l s  a t t e n t i o n  t o  a p o t e n t i a l  danger t h a t  r e q u i r e s  
c o r r e c t  p rocedures  o r  p r a c t i c e s  i n  o r d e r  t o  p reven t  
i n  o r d e r  t o  p reven t  p e r s o n a l  i n j u r y .  

1 . 4 .  SYMBOLS 

f High v o l t a g e  - > 1000 V ( r e d  1 

A Live  p a r t  

Read t h e  o p e r a t i n g  A i n s t r u c t i o n s .  

( b l a c k /  ye l low)  

P r o t e c t i v e  e a r t h  ( b l a c k )  0 (g round ing)  t e r m i n a l  
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1 . 5 .  IMPAIRED SAFETY-PROTECTION 

1.6. 

1.6.1. 

1 . 6 . 2 .  

1 .6 .3 .  

1.6.4. 

1 . 6 . 5 .  

1.6.6. 

Whenever it is likely that safety-protection has been impaired, the 
instrument must be made inoperative and be secured against any 
unintended operation. The matter should then be referred to qualified 
technicians. 
Safety protection is likely to be impaired if, for example, the 
instrument fails to perform the intended measurements or shows visible 
damage. 

GENERAL CLAUSES 

WARNING: The opening of covers or removal of parts, except those to 
which access can be gained by hand, is likely to expose 
live parts and accessible terminals which can be dangerous 
to live. 

The instrument shall be disconnected from all voltage sources 
before it is opened. 

Bear in mind that capacitors inside the instrument can hold their 
charge even if the instrument has been separated from all voltage 
sources. 

WARNING: Any interruption of the protective earth conductor inside 
or outside the instrument, or disconnection of the protective 
earth terminal, is likely to make the instrument dangerous. 
Intentional interruption is prohibited. 

Components which are important for the safety of the instrument may 
only be renewed by components obtained through your local Philips 
organisation. (See also section 27). 

After repair and maintenance in the primary circuit, safety 
inspection and tests, as mentioned in Section 27 have to be performed. 



2 .  

2 . 1 .  

GENERAL I V F O R M A T I O N  

I N T R O D U C T I O N  TO THE PX 3295 OSCILLOSCOPE. 

T h i s  compact  V.H.F. o s c i ~ l o s c o p e  f e a t u r e s  an e x t e n s i v e  bandwidth  o f  
350 MHz and good ergonomic  d e s i g n  f o r  i t s  numerous measurement 
c a p a b i l i t i e s .  A u n i q u e  f e a t u r e  i s  t h e  AUTO SET pushbu t ton  f a c i l i t y ,  
which a u t o m a t i c a l l y  se t s  V a r i o u s  c o n t r o l s  of  t h e  i n s t r u m e n t  t o  s u i t  
t h e  i n p u t  s i g n a l  v a l u e .  I n  t h i s  way, optimum e a s e  of  o p e r a t i o n  i s  
o b t a i n e d  a s  t h e  i n p u t  s i g n a l  immed ia t e ly  p r e s e n t s  a c o r r e c t ,  s t a b l e  
d i s p l a y  on t h e  b r i g h t  c . r . t .  s c r e e n .  

The m i c r o p r o c e s s o r - c o n t r o l l e d  f r o n t  p a n e l  g i v e s  a wide c h o i c e  of 
d i s p l a y  p o s s i b i l i t i e s .  

F i g .  2 . 1 .  350 MHz V.H.F .  o s c i l l o s c o p e  PM3295. 

The o s c i l l o s c o p e  i s  p r o v i d e d  w i t h  i n t e g r a t e d  c i r c u i t s  ( i n c l u d i n g  t h i n -  
f i l m  c i r c u i t s ) ,  which g u a r a n t e e  h i g h l y- s t a b l e  o p e r a t i o n .  

F u r t h e r m o r e ,  c o n n e c t i o n  t o  t h e  l o c a l  mains  i s  s i m p l i f i e d  by a t a p l e s s  
switched-mode power s u p p l y  t h a t  c o v e r s  most v o l t a g e  r a n g e s  i n  u s e :  
90 V . . . 264  V a.c. 

A l l  t h e s e  f e a t u r e s  make t h i s  o s c i l l o s c o p e  s u i t a b l e  f o r  a w i d e  r a n g e  Of 

measu r ing  a p p l i c a t i o n s .  
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2 .2  CHARACTERISTICS 

A. Pe r fo rmance  C h a r a c t e r i s t i c s  

- P r o p e r t i e s  e x p r e s s e d  i n  n u m e r i c a l  v a l u e s  w i t h  s t a t e d  t o l e r a n c e  
are  g u a r a n t e e d  by  PHILIPS. S p e c i f i e d  n o n- t o l e r a n c e  n u m e r i c a l  
v a l u e s  i n d i c a t e  t h o s e  t h a t  cou ld  be  n o m i n a l l y  e x p e c t e d  from t h e  
mean of  a r a n g e  of  i d e n t i c a l  i n s t r u m e n t s .  

- T h i s  s p e c i f i c a t i o n  i s  v a l i d  a f t e r  t h e  i n s t r u m e n t  h a s  warmed up 
f o r  30  m i n u t e s  ( r e f e r e n c e  t e m p e r a t u r e  2 3 O C ) .  

- For  d e f i n i t i o n s  of  terms, r e f e r e n c e  i s  made t o  
I E C  P u b l i c a t i o n  351-1. 

B .  S a f e t y  C h a r a c t e r i s t i c s  

T h i s  a p p a r a t u s  h a s  been  d e s i g n e d  and t e s t e d  i n  a c c o r d a n c e  w i t h :  
S a f e t y  Class I r e q u i r e m e n t s  o f  I E C  P u b l i c a t i o n  3 4 8  
S a f e t y  Requi rements  f o r  E l e c t r o n i c  Measu r ing  c_ 

i 
A p p a r a t u s ,  UL 1 2 4 4  and CSA 556B.  b 

The i n s t r u m e n t  h a s  been  s u p p l i e d  i n  a s a f e  c o n d i t i o n  

C .  I n i t i a l  C h a r a c t e r i s t i c s  

He igh t  
Without  F e a t  and 
Accesso ry  Pouch 1 7 0  mm ( 6 , 7  i n )  

F e e t  and a c c e s s o r y  
pouch i n c l u d e d  240  mm ( 9 , 4  i n )  

Width 340 mm ( 1 3 , 4  i n )  

Depth 
Handle Exc luded  5 2 3  mm ( 2 0 , 6  i n )  

With  Extended 
h a n d l e  6 2 5  mm ( 2 4 , 6 )  

Add 10 mm ( 0 , 4  i n )  f o r  f e e t  

Add 46 mm (1,8 i n )  f o r  hand le  

Add 3 5  mm ( 1 , 4  i n )  f o r  
p r o t e c t i v e  f r o n t  c o v e r .  

Mass 1 3 , 9  kg ( 3 0 , 7  l b )  

- O p e r a t i n g  p o s i t i o n s :  
a )  H o r i z o n t a l l y  on b o t t o m  f e e t  
b )  V e r t i c a l l y  on rear f e e t  
c )  On t h e  c a r r y i n g  h a n d l e  i n  t h r e e  s l o p i n g  p o s i t i o n s =  1Z0,  

20' and 25' 

D. CONTENTS 

2 . 2 . 1 .  D i s p l a y  
2 .2 .2 .  Vertical  c h a n n e l  o r  Y-axis 
2 .2 .3 .  Channel  A and B 
2 .2 .4 .  T r i g g e r  v iew 
2 .2 .5 .  H o r i z o n t a l  d e f l e c t i o n  o r  X-axis 

86-02-07 
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2 .2 .6 .  
2 . 2 . 7 .  
2 .2 .8 .  
2 .2 .9 .  
2.2.10.  
2 . 2 . 1 1 .  
2 . 2 . 1 2 .  
2 .2 .13 .  
2 .2 .14 .  
2 .2 .15 .  
2 .2 .16 .  
2 .2 .17 .  

-Main t ime- base  
Delayed t ime-b a s e 
Main t ime- base  t r i g g e r i n g  
Delayed t ime- base  t r i g g e r i n g  
B lank ing  o r  Z- axis  
Auto s e t t i n g  
C u r s o r s  
CRT t ex t  
C a l i b r a t o r  
Power s u p p l y  
S u n d r i e s  
Env i ronmen ta l  c h a r a c t e r i s t i c s  

2 .2 .18 .  S a f e t y  
2.2.19.  A c c e s o r i e s  

CHARACTERISTIC SPECIFICATION 

2 . 2 . 1 .  DISPLAY 
Cathode Ray Tube 

Measur ing  Area 80mm x loom 
( h .  x w.) 

Sc reen  t y p e :  
( b a s i c  v e r s i o n )  GH (P31)  
( 0  p t  i o n a l  ) GM ( P 7 )  

BE (P11)  

T o t a l  A c c e l e r a t i o n  
Vo l t  age  : 24kV 

Max. W r i t i n g  Speed 

( p h o t o g r a p h i c )  t y p i c a l  4cm/ns 

G r  a t i c u l  e 

- I l l u m i n a t i o n  

i n t e r n a l  , f i x e d  

c o n t i n u o u s l y  
v a r i a b  1 e 

ADDITIONAL INFORMATIION 

140mm R e c t a n g u l a r  s i n g l e  beam 
t u b e  w i t h  h e l i c a l  v e r t i c a l  
d e f l e c t i o n  sys t em.  

8 d i v i s i o n s  x 10 d i v i s i o n s  

Measured i n  c e n t r a l  
5 d i v  x 5 d i v  o f  s c r e e n ;  i n  
a b s e n c e  of  c o n t r a s t  f i l t e r .  

S i n g l e  S h o t ;  Phosphor :  GH;  no 
p r e f o g g i n g ;  Lens a p e r t u r e  
F : 1 , 2 ;  o b j e c t  t o  image r a t i o  
1 : 0 , 5 ;  F i lm:  P o l a r o i d  t y p e  612 
(20 000 ASA). 



- Engrav ings  : 
d i v i s i o n  l i n e s  A t  l c m  H o r i z o n t a l  and v e r t i c a l .  

t i c k  marks 

d o t s  

p e r c e n t a g e s  

0 r t hog ona 1 i t  y 

T r a c e  Rot a t  i o n :  

Min. Range 

2 . 2 . 2 .  VERTICAL DEFLECTION 
OR Y-AXIS 

A t  2 m m  On v e r t .  and h o r .  c e n t r a l  axes  
and on h o r .  l i n e s  a t  2cm and 
6cm from top .  

A t  2mm On d o t t e d  l i n e s  a t  1,5cm and 
6,5cm from t o p .  

100, 90 ,  1 0 ,  0% To f a c i l i t a t e  r i s e  and f a l l  
t ime measurements. 

90 + o r  -0,5' Measured a t  c e n t r e  of s c r e e n .  
(Angle between X and Y a x e s ,  
when t r a c e s  are w r i t t e n  i n  X 
and Y d i r e c t i o n  a l t e r n a t e l y ;  
d e f l e c t i o n  f requency :  
50. .  .60Hz) 

1 2 O  

Screwdriver  a d j u s t m e n t ;  
d i r e c t i o n  of s c r e w d r i v e r  
r o t a t i o n  same as d i r e c t i o n  of 
t r a c e  r o t a t i o n .  

E i t h e r  X- o r  Y t race  can be  
a l i g n e d  w i t h  g r a t i c u l e ,  when 
environmental  magnet ic  f i e l d  i s  
w i t h i n  0,lmT. 

D e f l e c t i o n  Sources '  Ch .A; 
Ch.B; Both channe l s  can be  i n v e r t e d ,  
Ch.A and (a l lowing  f o r  A-B and B-A i n  
Ch.B added added p o s i t i o n ) .  

T r i g g e r  View 
(MTB) 

D e f l e c t i o n  Modes: 1 Channel o n l y ;  
A l t e r n a t e ;  Any combinat ion of s o u r c e s .  
Chopped 

- D i s p l a y  T i m e  350ns Each s o u r c e  ( i n  chopped mode). 
- D i s p l a y  Blank ing  15011s A f t e r  each d i s p l a y  t i m e  (in 

chopped mode). 

V i s u a l  S i g n a l  Delay 2011s ( t y p i c a l )  A t  Maximum i n t e n s i t y  and w e l l  
focused d i s p l a y .  

86-02-07 



Delav D i f f e r e n c e  

between Ch.A t y p  2ns 
o r  B and e x t .  
T r i g g .  V i e w  

Channel I s o l a t i o n :  
of  D e s e l e c t e d  Channel 1OO:l 

between S e l e c t e d  50:  1 
Channels 

Y-Signal Output :  

- Source  

- Coupling 

=DTB T r i g g e r  
Source 

= DTB T r i g g e r  
Coupling 

- Vol tage  i n t o  1M.Ohm 20mV/div 
+ o r  - 10% 

i n t o  50 Ohm 1 0 m V / D I V  
+or -10% 

- F r e q .  r e sponse  d . c  ... t y p i c a l  
300K1z (-3dB) 

2 .2 .3 .  CHANNELS A AND B 

Inpu t  connec to r  BNC wi th  Probe 
Read Out Ring 

2-5 

T r i g g e r  V i e w  delayed w i t h  r e s p .  
t o  Ch. A o r  B.  

A t  100MHz; i n p u t  t o  d e s e l e c t e d  
channel  e q u i v a l e n t  t o  
8 d i v i s i o n s  o r  less .  

A t  350MHz; channe l s  wi th  e q u a l  
V/div s e t t i n g s ;  i n p u t  t o  
e i t h e r  channel  e q u i v a l e n t  t o  
8 d i v i s i o n s  o r  less 

A v a i l a b l e  a t  BNC on rear of  
i n s t r u m e n t .  
Y S i g n a l  Output i s  not a f f e c t e d  
by BW l im i t e r .  

Ch.A o r  Ch.B coup l ing  
e v e n t u a l l y  cascaded w i t h  DTB 
t r i g g e r  coup l ing  

Max. o u t p u t  + o r  - 80mV (160mV 
peak t o  peak) .  
Max. o u t p u t  + o r  - 40mV (80mV 
peak t o  peak) .  

Terminated w i t h  50 Ohm. A t  
r e f e r e n c e  t empera tu re .  For 
i n f l u e n c e  of T r i g g e r  Coupling 
s e e  2.2.9.  

Probe Read Out  causes  
ins t rument  t o  change V/div 
I n d i c a t i o n ,  Input  Impedance 
and A t t e n u a t o r  S e t t i n g  
accord ing  t o  probe (when f i t t e d  
w i t h  a Probe I n d i c a t o r )  

I -  
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I n p u t  impedance ( i n  
High Z p o s i t i o n ) :  

R p a r a l l e l  

C p a r a l l e l  

Max. i n p u t  Cap. 
D i f f e r e n c e  

I n p u t  Impedance ( i n  
50 Ohm 
p o s i t i o n )  : R  p a r a l l e l  

VSWR ( t y p i c a l )  

I n p u t  Coup1 i n g  

A Max. Inpu t  Vol tage  : 

- In  High Z p o s i t i o n  
( d . c .  + a.c .  pk. )  

- I n  50 Ohm 
p o s i t i o n  ( d . c . )  
( a . c .  r .m.s . )  

( a . c .  peak)  

For Frequency >1MHz see F ig .2 .2  

1M.Ohm +or-  1% I n  DC p o s i t i o n  o f  I n p u t  

9 PF 

50 Ohm 
+ o r  - 1% 

1 , 3 : 1  

d . c . ;  a . c . ;  0 

300V 

5v 5v I 
50V 1 

Coupl ing.  In  AC pos.  of  I n p u t  
Coupl ing:  18 nF i n  Series w i t h  
R .  p a r  & C .  p a r ;  i n  0 p o s i t i o n  
of i n p u t  c o u p l i n g :  R p a r . =  
i n f i n i t e  

D i f f e r e n c e  between Channel A ,  
Channel B ,  EXT MTB T r i g g e r  and 
EXT DTB T r i g g e r  I n p u t s .  

I n  D C ,  AC and 0 p o s i t i o n  of 
i n p u t  c o u p l i n g .  

A t  350MHz i n  AC and DC pos .  of 
i n p u t  c o u p l i n g  

I n  0 p o s i t i o n :  c h a n n e l  
d i s c o n n e c t e d  from i n p u t  BNC and 
connected t o  ground.  

Apparatus  should  be p r o p e r l y  
grounded th rough  t h e  p r o t e c t i v e -  
ground conduc to r  of t h e  power 
cord  

Up t o  1MHz; f o r  >1MHz see F i g .  
2.3. 

Max 50mJ d u r i n g  any l O O m s  
i n t e r v a l .  

D e f l e c t i o n  c o e f f i c i e n t  
- S t e p s  1mV ... 5V/div In a 1-2-5 sequence of 12  

s t e p s ;  
- E r r o r  l i m i t  (Ambient: 

5 . . .  4OoC) +or- 2% 
(When Channel i s  used f o r  X 
d e f l e c t i o n :  see 2 .2 .5 ,  f o r  
T r i g g e r  V i e w :  see 2.2.4.  

- V e r n i e r  R a t i o  1 : 2 , 5  U n c a l i b r  . ; c o n t i n u o u s l y  
v a r i a b l e  between s t e p s .  



2 4 d i v  b u t  max. 
l0OV 

2 0 d i v  b u t  max. 
l0OV 

8 d i v  

' 

Cente red  around Hor. 
> C e n t r e  l i n e  on s c r e e n  
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Dynamic Range : When used  f o r  Y d e f l .  ( f o r  X 
d e f l .  see 2 .2 .5 . )  
Compression a t  l i m i t s  of 
dynamic r a n g e :  7% 

- up t o  LOOMHZ 
i n  CAL p o s i t i o n  of  
v e r n i e r  
V e r n i e r  i n  1 : 2 , 5  
p o s i t  i o n  

- up t o  350MHz (-3dB) 

L F  L i n e a r i t y :  W i t h i n  b o u n d a r i e s  of  dynamic 
r a n g e .  
Measured a t  50kHz. 

0 , l  d i v  on 
2 d i v  

2 d i v  c e n t e r  s c r e e n  s i g n a l  
s h i f t e d  w i t h i n  b o u n d a r i e s  of  
g r a t i c u l e .  

Max. Compression 
o r  Expans ion  

+ o r  - 8 d i v  S h i f t  Range From s c r e e n  c e n t e r ;  ( f o r  X 
d e f l .  see 2 .2 .5 . )  

F requency  Response  ( i n  
50 Ohm p o s i t i o n ) :  

When u s e d - f o r  Y d e f l .  ( f o r  X 
d e f l .  see 2 . 2 . 5 . )  
Z s o u r c e :  50 Ohm. 

- Lower T r a n s i t i o n  
P o i n t  of  BW 

I n p u t  Coup l ing  i n  DC p o s i t i o n .  
I n p u t  Coup l ing  i n  AC p o s i t  i o n .  

d .c. 
lOHz (-3dB) 

- Upper T r a n s i t i o n  
P o i n t  of  BW 
(Ambient :5 . .  .4OoC) 

3 50MHz 
(-3dB) 

1mV and 2mV/div p o s i t i o n s  
exc luded  ( s e e  2.2.3.  ) 

F r e q .  Resp.  ( i n  H i . Z  
pos .  t h r o u g h  p r o b e )  : 

When used f o r  Y d e f l .  ( f o r  X 
d e f l .  see 2 .2 .5 .  
Z s o u r c e :  25  Ohm. (P robe  
a c c o r d i n g  t o  2 .2 .19 . )  

- Lower t r a n s i t i o n  
P o i n t  of  BW 

d . c .  
1Hz o r  l e s s  
(-3dB) 

I n p u t  Coupl ing  i n  DC p o s i t i o n .  
I n p u t  Coup l ing  i n  AC p o s i t i o n .  

- Upper T r a n s i t i o n  
P o i n t  of BW 
(Ambient :5 .  ..40°C) 

350MHz (-3dB) 1mV and 2mV/div p o s i t i o n s  
exc luded  ( s e e  2 .2 .3 . ) .  

F r e q .  Resp .  ( i n  1mV 
and 2mV/div p o s . ) :  

When used  f o r  Y d e f l .  ( f o r  X 
d e f l .  see 2 . 2 . 5 . ) .  

T y p i c a l  v a l u e  a t  25OC Upper T r a n s i t i o n  
P o i n t  o f  BW 

70MHz (-3dB) 

25-10-1985 
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Bandwidth L i m i t e r :  .. 

- S t a r t i n g  p o i n t  of  
HF r e j e c t i o n  

- S l o p e  

P u l s e  Response  ( i n  
50 Ohm p o s i t i o n ) :  

- Rise  T i m e  
(Ambient : 5. . . 4OoC ) 

20Mhz (-3dB) 

6dB/octave  

When u s e d  f o r  Y d e f l e c t i o n ;  Z 
s o u r c e :  50 Ohm. Measured o v e r  
c e n t r a l  6 d i v .  

I n s  o r  l ess  1 m V  and 2mV/div e x c l u d e d ,  (see 
2.2.3.)  ( C a l c u l a t e d  f rom 
Bandwidth x Rise  T i m e  = 0 , 3 5 )  

- P u l s e  A b e r r a t i o n s :  - 5 %  o r  less  T e s t e d  w i t h  a I n s  Rise T i m e  
ddUA24ZTj - --1 

T i l t  
p u l s e  fl;.c 20 *+bL 

c o u p l i n g  e x c l u d e d .  
2% o r  l e s s  E f f e c t s  of AC pos.  o f  i n p u t  

- P u l s e  r e s p o n s e  ( i n  
H i . Z  pos .  t h r o u g h  
p r o b e )  

- R i s e  T i m e  
(Ambient:  5. .  .4OoC) 

- P u l s e  A b e r r a t i o n s :  

o v e r  shoo t  

Rise T i m e  ( i n  1 m V  and 
2mV/div pos .  ) 

When used  f o r  Y d e f l :  Z s o u r c e  
25  Ohm. Measured o v e r  c e n t r a l  6 
d i v i s i o n s  

Ins o r  l e s s  1 m V  and 2mV/div e x c l u d e d ,  see 
2.2.3.  ( C a l c u l a t e d  f rom 
Bandwidth x R i se  T i m e  = 0 , 3 5 ) .  

T e s t e d  w i t h  a Ins Rise T i m e  
pul  s e 

6 %  o r  l ess  

5ns  o r  l e s s  When used  f o r  Y d e f l .  
Measured o v e r  c e n t r a l  6 
d i v i s i o n s .  

86-0 2-0 7 



2-9 

Max. Base L i n e  
I n s t  a b i l i t y :  
J u m p  (Ambient 

5 . .  .40°C) 

when s w i t c h i n g  t o  
added mode 

p o s i t  i o n s  

s w i t c h  0 , 4  d i v  o r  2 mV} Whichever i s  g r e a t e r  

p o s i t  i o n  
between DC and 0 
PO s i t i o n  

when r o t a t i n g  
v e r n i e r  0 , 8  d i v  o r  1,2mV Whichever i s  g r e a t e r  

0 , 5  d i v  o r  3 mV} 

0 , 2  d i v  o r  1 mV) 
between any V/div  1 

when u s i n g  INVertor  1 

between AC and DC 1 
0,l d i v  o r  1 mV} 

0,l d i v  o r  1 mV Whichever i s  g r e a t e r ;  
I n p u t  e x t e r n a l l y  grounded 

Measured i n  20mV/div p o s i t i o n .  
D r i f t  0 ,  l d i v / h  

Tempera t u r  e 0 ,05div/K 
c o e f f i c i e n t  

Common Mode Reject i o n  
Rat i o  : 

- a t  lMHz 
- a t  50MHz 

Both c h a n n e l s  a t  same 
a t t  enua to r -  s e t t i n g ;  
v e r n i e r  of V/d iv  
s e t t i n g  a d j u s t e d  f o r  b e s t  CMMR; 
measured w i t h  max. 8 d i v  i n p u t  
a t  each  c h a n n e l ,  (+ o r  - 4div  
around z e r o ) .  

1OO:l 
20: 1 

2.2.4.  TRIGGER VIEW 

S i g n a l  Source  = T r i g g e r  COMPosite = Channel A ,  u n l e s s  
Source  MTB o n l y  Channel  B i s  d i s p l a y e d .  

Deflect i o n  
c o e f f i c i e n t :  

Ch.A o r  Ch.B s e e  2.2.3.  Except e r r o r  l i m i t .  
EXT 
EXT : 10 l V / d i v  

1 0 OmV / d i v  

E r r o r  L i m i t  + o r  - 5% For  a l l  s o u r c e s  excep t  L I N E  
(Ambient:5 ... 40°C) 

Dynamic Range: Compression a t  l i m i t s  o f  
Dynamic Range: 7 %  

up t o  1OOMH.z 24d iv  
up t o  350MHz 8 d i v  

86 -0 2 -0 7 
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L i n e  d e f l e c t i o n  6 d i v  o r  more T r i g g e r  Source:  LINE; 49Hz<Line 
Freq.<61Hz 

Frequency response :  T r i g g e r  c o u p l i n g :  D C ,  HF 
REJect ion:  OFF, Bandwidth 
L i m i t e r :  OFF. 

T r i g g e r  s o u r c e :  
I N T  (Ambient: 
5 . .  . 4OoC) d.c...300MHz Channel A o r  B i n  50 Ohm 

p o s i t i o n .  Z of S i g n a l  Source:  
50 Ohm. 

T r i g g e r  source:EXT 
(Ambient:5. .  .40°C) d.c...350MHz Z of  S i g n a l  Source:  25 Ohm. 

P u l s e  Response 

Rise  T i m e  
(Ambient : 5..  . 4OoC) 

Tr igg .  Coupl ing:  D C ,  HF 
REJect ion:  OFF, Band Width 
L i m i t e r :  OFF 
D i s t o r t i o n  due t o  peak t o  peak 
l e v e l i n g  may be v i s i b l e ,  when 
i n  AUTO p o s i t i o n  of t r i g g e r  
s e l e c t o r  and a t  t r p g g e r  
f r e q u e n c i e s  <100Hz. 

( C a l c u l a t e d  from Bandwidth x 
Rise Time = 0 , 3 5 ) .  

T r i g g e r  s o u r c e :  
I N T  1 , 2  ns Z o f  S i g n a l  Source:  50 Ohm 

T r i g g e r  s o u r c e :  EXT 1 n s  Z of  S i g n a l  Source:  2 5  Ohm 

T r i g g e r  P o i n t  c e n t e r  of Measured a t  50kHz. 
s c r e e n  

2.2.5. HORIZONTAL DEFLECTION 
OR X-AXIS 

MTB i n t e n s i f i e d  
by DTB; 
mono DTB; d u a l  
DTB ; 

Can be d i s p l a y e d  a l t e r n a t e l y  
i n  a q u a s i  s imul taneous  way. I D e f l e c t i o n  Sources  MTB; 
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S e l e c t e d  by MTB 
EXT MTB s o u r c e  s e l e c t o r  

Ext.  th rough  
Ch.A; 
Ext .  th rough  
Ch.B; 
Ext .  th rough  

i n p u t ;  
L ine  

Trace  S e p a r a t i o n :  

1 

Max. S e p a r a t i o n  a t  l eas t  4 d i v  

Minimum S h i f t  Range + o r  - 5 
unexpand . d i v .  

D e f l e c t i o n  c o e f f i c i e n t  
Ch.A o r  Ch.B s e e  2.2.3.  
E XT 100mV/div 
EXT: 10 lV/d iv  

E r r o r  L i m i t  + o r  - 5% 

Dynamic Range 20 d i v  

Maximum L i n e a r i t y  
E r r o r  5% 

Line  D e f l e c t i o n  7 +or- 1 , 5  d i v  

Frequency Response: 
- Lower T r a n s i t i o n  s e e  a p p r o p r i a t e  

Po in t  of BW Channel 

- Upper T r a n s i t i o n  
P o i n t  of BW 

Max. Phase D i f f .  
between Hor. and 
Vert . 

2MHz (-3dB) 

3 O  

t r i g g e r  

Between MTB INTENSified and 
(mono o r  d u a l )  DTB. 

Symmetrical: (MTB s h i f t i n g  
upwards, DTB downwards). 

From s c r e e n  c e n t e r .  

Except e r r o r  l i m i t  

For a l l  s o u r c e s  except  L I N E .  

Measured a t  50kHz; Compression 
a t  l i m i t s  of dynamic range :  6%. 

Measured a t  l K H z  

49Hz<l ine  Frequency<GlHz. 

I n p u t  c o u p l i n g  of Ch.A o r  B and 
coup l ing  of MTB t r i g g e r  a re  
cascaded .  

Up t o  lOOkHz 

Max. H o r i z o n t a l  D i s -  
p l a y  I n s t a b i l i t y  
- D r i f t  0 , l  d i v / h  
- Temp. C o e f f i c i e n t  0.05div/K 
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9 2.2.6. MAIN TIME BASE 

Modes repetitive 

Deflection coefficient 

TB Magnifier: OFF 

Steps 

single 

10 ns/div ... 
1 s/div 

Error Limit 
(Ambient:5 ... 40°C) + or - 

(0,5% of full 
scale + 1% of 
reading ) 

Auto Bright Base Line occurs, 
when in AUTO Trigger Mode and 
if during >O,ls no triggerable 
signal is available. 

Neasured over Central 8 
unmagnified divisions 

In a 1-2-5 sequence of 25 
steps 

Add 0,5% of full scale for 
10ns/ div ... 50ns/div 

TB Magnifier: x10 

Steps 1 ns/div ... 
0 , l  s/div steps 

In a 1-2-5 sequenc'e of 25 

Error Limit + or - 
(Ambient:5 ... 40°C) (1% of full 

scale + 1,5% 
of read ing ) 

- Vernier Ratio 2,5:1 Uncalibrated, contin. variable 
between steps. 

TB Magnification (Hor. 
Expansion): 1 ox 

Max. Expansion + or - 0 , 4  When switching from x10 to xl, 
Unb a1 ance unexpand. div the center display will not 

shift more than stated value. 

Minimum Visual Display 10 unexpanded 
Length div 

At Normal Intensity. 

Variable Hold Off: 
Minimum lus or 2 div Whichever is greater 

Maximum 6x minimum Hold 
of MTB setting 

Off 

Gate Out: Available at BNC on rear of 
instrument. 

Output impedance 2,3 k.0hm 
Time Base not running OV<Output<0,4V Maximum Current Sink: 2mA 
Time Base running 2,4V<Output<5V Maximum Current Supply: 

400uA. 
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2.2.7. DELAYED TIHE BASE 

Modes Mono DTB; 

Dual DTB; DTB is displayed twice 
(alternately), T 
being the time difference 
between both DTB displays. 

DTB triggering after Delay Time. 
DTB starting; 

on first event 

Deflection Coefficient Measured over central 8 
unmagnified divisions 

TB Magnifier: OFF 

Steps 

Error Limit 
(Ambientz5 ... 40 C) 

TB Magnifier: x10 

Steps 

Error Limit 
(Ambient:5. ..40°C) 

- Vernier Ratio 

TB Magnification (Hor. 
Expansion): 
Max. Expansion 
Unb a1 an c e 

Delay Time: 

- Error Limit 
(Ambient: 5. .,40°C) 

lOns/div ... In  a 1-2-5 sequence of 24 steps 
0,5 s/div 

Add 0,5 % of full scale for 10 
nsldiv.. .50 ns/div 

+ OK - 
(0,5% of full 
scale + 1% 
of reading) 

1 ns/div ... In a 1-2-5 sequence of 24 steps 
50 ms/div 

+ or - 
(1% of full 
scale + 1,5% 
of read ing ) 

2 , 5 : 1  Uncalibrated continuously 
variable between steps. 

1 ox 

+ or - 0.4 When switching from x10 to xl, 
unexpand. div the center display will not 

shift more than stated value. 

20ns...lOs In  25 steps; continuously 
variable between steps. 

+ or - MTB Vernier in CAL position 

scale + 1% 
of reading 
+ 6ns) 

( 1 , 2 %  of full 



- 

2-14 

- P o s i t i o n  Range 

- R e s o l u t i o n  

- M a x .  J i t t e r  

T i m e  D i f f e r e n c e  
T :  

Range 

E r r o r  L i m i t  
(Ambient:5 ... 40 C) 

Gate o u t :  

0 , 2  ... 9 , 9  x Minimum d e l a y :  2011s on a l l  
MTB t i m e / d i v  r a n g e s  
s e t t i n g  

1 : 65000 Re la ted  t o  f u l l  scale of 10 MTB 
d i v i s i o n s .  

O7005%+1O0ps (=1 p a r t  per 20 000)  

Dual DTB method. 

10ns.. .10 x MTB 
t ime/d i v  
s e t t i n g  

+ o r  - Add 0 ,05% o f  f u l l  scale f o r  
(0 ,025% of f u l l  f i r s t  and l a s t  10% of  a v a i l a b l e  
scale  + 1% of range  
r e a d i n g  + 2ns)  

A v a i l a b l e  a t  BNC on rear of 
i n s t r u m e n t .  

- Output impedance 2 , 3  k.0hm 
- T i m e  Base n o t  OV<Output<0,4V Maximum C u r r e n t  Sink: 2mA. 

- T i m e  Base runn ing  2,4V<Output<5V Maximum C u r r e n t  Supply:  
running 

400uA. 

2.2.8. MTB TRIGGERING 

T r i g g e r  s o u r c e s  Channel A ;  
Channel B ;  
Composite (Ch. 
A & B ) ;  
E x t e r n a l ;  Line  

I n p u t  Connector 
(Ext . Tr igg  . ) B NC 

I n p u t  Impedance (Ex t .  
Tr igg  . ) : 

R p a r a l l e l  1M. Ohm 
+ o r  - 1% 

C p a r a l l e l  9 PF 

Max. Inpu t  Cap. 
D i f f e r e n c e  1 7  5PF 

For Frequency >1 MHz see 
F i g .  2.2. 

I n  DC p o s i t i o n  of  I n p u t  
Coupling 
I n  AC p o s i t i o n  of I n p u t  
Coupl ing:  18 nF i n  ser ies  w i t h  
R p a r a l l e l  and C p a r a l l e l  

D i f f e r e n c e  between channe l  A ,  
Channel B ,  EXT MTB T r i g g e r  and 
EXT DTB T r i g g e r  I n p u t s  
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C ou p l  i ng d . c . ; a . c . ;  
LF r e j e c t e d ;  
HF r e j e c t e d  

Maximum I n p u t  V o l t a g e  A (Ext .  T r i g g . )  

300V ( d . c .  + 
a.c. peak)  

Min. T r i g g e r  
s e n s i t i v i t y  
(Ambient: 5 . .  .40°C) 

Ch.A and Ch.B 

E XT 

EXT/ 10 

Slope S e l e c t i o n  

Leve l  C o n t r o l  Range: 

Ch. A and Ch.B 
E XT 
EXT : 10  

Any Source  

Frequency Response:  

Lower T r a n s i t i o n  
P o i n t  of BW 

p o s i t i v e  

n e g a t i v e  
go ing  (+>; 

going  (-1 

3 + o r  - 8 d i v  
+ o r  -0,8V 
+ o r  - 8V 

r e l a t e d  t o  
peak v a l u e  

d .c .  
lOHz (-3dB) o r  
l e s s  

20kHz (-3dB) 

Apparatus  should  b e  p r o p e r l y  
grounded th rough  t h e  p r o t e c t i v e-  
ground conduc to r  of  t h e  power 
c o r d .  
Up t o  1MHz; f o r  Frequency 
>1MHz: s e e  F ig .  2 . 3 .  

I n  T R I G  mode 

NOT TRIG’D l e d  i s  l i t  u n l e s s  
t r i g g e r e d  . 
I n  T R I G  and SINGLE p o s i t i o n s  
of  Mode S e l e c t o r .  

I n  AUTO p o s i t i o n  of  Mode 
S e l e c t o r .  

T r i g g e r  n o t  a f f e c t e d  by 
Bandwidth L i m i t e r .  

Channel A o r  Channel B c o u p l i n g  
e v e n t u a l l y  cascaded w i t h  
T r i g g e r  coup l ing .  

T r i g g e r  Coupling i n  DC p o s i t i o n  
T r i g g e r  Coupl ing i n  AC p o s i t i o n  

T r i g g e r  Coupl ing i n  LF  REJected 
p o s i t  i o n .  

86-02-07 
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Highe r  T r a n s i t i o n  50kHz (-3dB) T r i g g e r  Coup l ing  i n  HF REJected 
P o i n t  of  BW p o s i t i o n .  

See  a l s o  t a b l e  
w i t h  t r i g g e r  
s e n s i t i v i t i e s  

2 .2 .9 .  DTB T R I G G E R I N G  

T r i g g e r  s o u r c e s  

I n p u t  Connector  
(Ex t  / T r i g g  . ) 
I n p u t  Impedance (Ext .  
T r i g g  . ) : 

R p a r a l l e l  

C p a r a l l e l  

Max. I n p u t  Cap. 
D i f f e r e n c e  

Coup1 i n g  

Channel  A; 
Channel  B; 
Composite  (Ch.A 

E x t e r n a l ;  End of  
De lay  (STARTS mode) 

Li- B ) ;  

BNC 

1 M.Ohm 
+ o r  - 1% 
9PF 

d . c . ;  a .c . ;  
LF r e j e c t e d ;  
HF r e j e c t e d  

Maximum I n p u t  V o l t a g e  A (Ex t  . T r i g g  . ) 

300V ( d . c .  + 
a.c .  peak )  

Min. T r i g g e r  
S e n s i t i v i t y  
(Ambient:5.  . .40°C) 

Ch.A and Ch.B 

E XT 

EXT: 10 

0 , 5 d i v  2 d i v  

50mV 30OmV 

0 , 5 v  3v 

For Frequency >1 MHz see 
F i g  .2.2 

I n  DC p o s i t i o n  of I n p u t  Coupl ing  
I n  AC p o s i t i o n  of  I n p u t  
Coup l ing :  18 nF i n  series w i t h  
R p a r a l l e l  and C p a r a l l e l  

D i f f e r e n c e  between Channel  A ,  
Channel  B ,  EXT MTB T r i g g e r  and 
EXT DTB T r i g g e r  I n p u t s .  

Appara tus  shou ld  be  p r o p e r l y  
grounded t h r o u g h  t h e  p r o t e c t i v e -  
ground c o n d u c t o r  of t h e  power 
c o r d .  
Up t o  1MHz; f o r  Frequency 
>1MHz: see F i g .  2 .3 .  

0 
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S l o p e  S e l e c t i o n  p o s i t i v e  g o i n g  (+) 
n e g a t i v e  g o i n g  (- ) 

L e v e l  C o n t r o l  Range: 
Ch.A and Ch.B + o r  -8 d i v  
EXT + o r  -0,8V 
EXT : 10 + o r  - 8 V  

Frequency Response :  

Lower T r a n s i t i o n  
P o i n t  of BW 

d . c .  

T r i g g e r  n o t  a f f e c t e d  by  
Band w i d t h  L i m i t e r  . 
Channel  A o r  Channel  B c o u p l i n g  
e v e n t u a l l y  cascaded  w i t h  
T r i g g e r  c o u p l i n g .  

T r i g g e r  Coupl ing  i n  DC 
p o s i t  i o n .  

lOHz (-3dB) or T r i g g e r  Coup l ing  i n  AC 
l e s s  p o s i t  i o n  ; 

20kHz (-3dB) T r i g g e r  Coup l ing  i n  LF 
REJec t ion  p o s i t i o n .  

H ighe r  T r a n s i t i o n  50kH.z (-3dB) T r i g g e r  Coup l ing  i n  HF 
P o i n t  of BW REJect ed p o s i t  i o n .  

See a l s o  t a b l e  
w i t h  t r i g g e r  
s e n s i t i v i t i e s  

2 .2 .10 .  BLANKING OR Z-AXIS 

I n p u t  c o n n e c t o r  BNC 

I n p u t  Impedance 30 k.0hm 

On rear of i n s t r u m e n t  

When i n p u t  i s  O,4.. .2,5V, 
o t h e r w i s e  >10k. Ohm 

I n p u t  Coupl ing  d . c .  

Maximum I n p u t  V o l t a g e  + o r  - 1 O V  

Sen s i t i v i  t y : 
+ 0,4V o r  l e s s  Ha l f  t o n e s  are p o s s i b l e  a t  

+ 2,5V o r  more be tween +0,4V and +2,5V. 
i n p u t  v o l t a g e s  

Unblanked a t  

Blanked a t  

Response T i m e  2011s From unblanked t o  f u l l y  
b l a n k e d ,  when i n p u t  i s  a 
t r a n s i e n t  o f  O...+2,5V ( r i se  
time 211s o r  less) .  
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2 . 2 . 1 1 .  AUTO SETTING 

Y D e f l e c t i o n  Source  

Y D e f l e c t i o n  Mode - MTB a t  l m s j d i v  
o r  lower :  

- MTB a t  5 0 0 u s / d i v  
o r  h i g h e r :  

I n p u t  Impedance: 
- Accessory  w i t h  

Probe Read Out 

- o t h e r w i s e  

Y I n p u t  Coupling 

Y D e f l e c t i o n :  

- l O m V  < I n p u t  a t  
BNC<30V 

- Inpu t  a t  B N C < l O m V  

-I_ql Y Channel Base L i n e  
POSITION 

Band Width LIMiter 

X D e f l e c t i o n  Source  

X P O S I T I O N  

MTB T r i g g e r  Source:  

T r i g g e r a b l e  S i g n a l  
a t  EXT Inpu t  

Ch. A and Ch.B Channel I N V E R T e r  n o t  a f f e c t e d  
by AUTO SET. 

CHOPped 

ALTerna t e 

a c c o r d i n g  t o  
Probe  Read Out 

n o t  a f f e c t e d  
by AUTO SET 

AC 

Each Channel i s  i n d e p e n d e n t l y  
s e t .  

6 d i v  o r  l e s s  

Channel a t  
2 O h V /  d i v  

V e r n i e r  n o t  a f f e c t e d  by AUTO 
SET. 

Due t o  t r i g g e r  u n c e r t a i n t y  a t  
F r e q .  >60 MHz o r  a t  Duty Cyc le  
<>50%, s e n s i t i v i t y  can  d e v i a t e  
from g i v e n  v a l u e s ,  b u t  s i g n a l  
w i l l  remain v i s i b l e  on s c r e e n .  

c e n t e r  of  P o s i t i o n  c o n t r o l  r emains  "dead" 
s c r e e n  u n t i l  s e t t i n g  of knob (when 

t u r n i n g )  r e p r e s e n t s  a c t u a l  b a s e  
l i n e  on s c r e e n .  

OFF 

Main T i m e  Base All o t h e r  s o u r c e s  swi tched  o f f .  

n o t  a f f e c t e d  by 
AUTO SET 

EXT 



No s i g n a l  a t  EXT i n p u t ,  
bu t  t r i g g e r a b l e  S i g n a l  
a t  Channel A o r  B Channel A o r  

Channel B 

No T r i g g e r a b l e  S i g n a l  
a t  any i n p u t  Channel A 

MTB T r i g g e r  Mode AUTO 

MTB T r i g g e r  Coupl ing  AC 

MTB T r i g g e r  LEVEL 1 , 2  d i v  above 
c e n t e r  of 
s c r e e n  

TB MAGnifier 

TB D e f l e c t i o n  
C o e f f i c i e n t  

OFF 
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Channel w i t h  h i g h e s t  V/div 
s e t t i n g  i s  s e l e c t e d .  
(Channel A when s e t t i n g s  a r e  
e q u a l )  

NEG SLOPE S e l e c t i o n  no t  
a f f e c t e d  by AUTO SET: 
LEVEL c o n t r o l  remains "dead" ,  
u n t i l  s e t t i n g  of knob (when 
t u r n i n g )  r e p r e s e n t s  a c t u a l  
t r i g g e r  l e v e l .  

MTB 

p e r i o d s  on CRT Vern ie r  n o t  a f f e c t e d  by I AUTO SET s c r e e n  

40 Hz <Sign .Freq .  max.6 s i g n a l  
(60 MHz 

S i g n a l  F r e q .  
>60 MHz 10 n s / d i v  I 
when no t r i g g e r  found 10 u s / d i v  

Due t o  t r i g g e r  u n c e r t a i n t y  a t  
Freq.  >60 MHz o r  a t  Duty Cycle 
<>50%, MTB s e t t i n g  can d e v i a t e  
from g iven  v a l u e s ,  bu t  s i g n a l  
w i l l  remain v i s i b l e  on s c r e e n .  

DTB Not a f f e c t e d  by 
AUTO SET 

S e t t i n g  READ OUT on updated I n t e n s i t y  of S e t t i n g  READ OUT 
CRT n o t  a f f e c t e d  by AUTO SET. 

C u r s o r s  Not a f f e c t e d  by 
AUTO SET 



- 
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2.2.12. CURSORS --H 
Curso r  I n t e n s i t y  
C o n t r o l  

Modes 

i n d e p e n d e n t  o f  In SINGLE mode of MTB, c u r s o r s  
t r ace  i n t e n s i -  are d i s p l a y e d  d u r i n g  max. 0,ls 
t y  b u t  com- when SINGLE b u t t o n  i s  pushed. 
b i n e d  w i t h  
s e t t i n g  r ead  
o u t  i n t e n s i t y  

Independen t  Cur so r  r e a d i n g  independen t  of 

RATIO Curso r  r e a d i n g  i n  % of  p r e v i o u s  

TRACK REF c u r s o r  and A c u r s o r  are 

p r e v i o u s  r e a d i n g  

r e a d i n g  

t r a c k i n g  

Hor. and Vert. R e -  0 , 0 2 m  o r  
s o l u t i o n  b e t t e r  

Read Out R e s o l u t i o n  3 d i g i t s  

V o l t a g e  C u r s o r s  

- E r r o r  L i m i t  +or- 2% R e f e r r e d  t o  i n p u t  a t  BNC,error  
(Ambient:O ... 40 C) of  p robes  e t c .  e x c l u d e d .  

. L Z y  - Minimum C u r s o r  Range c e n t r a l  7 , 6  d i v  

- Read Out Range: ( w i t h  p o s i t i v e  o r  n e g a t i v e  s i g n )  

Ab s o l u t e  8x V l d i v  Probe  f a c t o r  i n c l u d e d ,  when 
s e t t i n g  probe  i s  provided  w i t h  probe 

r e a d  o u t .  

R e l a t i v e  8 d i v  

- RATIO r a n g e  (0,1% 100% = Value i n  C u r s o r  Rea Out 

- Curso r  R e f e r e n c e  
t o  999%)  when R a t i o  b u t t o n  i s  pushed.  

A b s o l u t e  Value  When o n l y  Ch.A i s  d i s p l a y e d  o r  
(V) r e f e r r e d  t o  When a combina t ion  o f  c h a n n e l s  
c h a n n e l  A i s  d i s p l a y e d ,  

w h i l s t  Ch.B i s  n o t  MTB t r i g g .  
s o u r c e .  

A b s o l u t e  Value  When o n l y  Ch.B i s  d i s p l a y e d  o r  
(V) r e f e r r e d  t o  when a combina t ion  o f  c h a n n e l s  
c h a n n e l  B i s  d i s p l a y e d ,  w h i l s t  Ch.B i s  

MTB t r i g g .  s o u r c e .  

8 

R e l a t i v e  Value  When r e f e r e n c e  c h a n n e l  i s  i n  
( d i v )  UNCAL p o s i t i o n  o r  

When o n l y  T r i g g e r  V i e w  i s  
d i s p l a y e d  o r  when i n s t r u m e n t  i s  
i n  X vs. Y d e f l e c t i o n  mode 
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I n  MTB mode o n l y  

- E r r o r  L i m i t  
(Ambient:(). . .40°C) 

- Minimum Curso r  
Range: 

- Read Out Range: 
A b s o l u t e  

R e l a t i v e  

- RATIO Range 

- Curso r  R e f e r e n c e  

2 . 2 . 1 3 .  SETTING READINGS ON CRT 

Modes 

I n t e n s i t y  C o n t r o l  of 
CRT t e x t  

V e r t i c a l  s e t t i n g s  

H o r i z o n t a l  S e t t i n g s  

+or-  3% 

c e n t r a l  9 , 6  d i v  

(With  p o s i t i v e  o r  n e g a t i v e  s i g n )  
lox s / d i v  
s e t t i n g  
10 d i v  

(0,1% 100% = Value  i n  C u r s o r  Read 
t o  9 9 9 % )  Ou t ,  a t  t h e  moment RATIO 

b u t t o n  i s  pushed.  

A b s o l u t e  Value  When Main T i m e  Base i s  i n  CAL 
( s )  r e f  e r r e d  t o  p o s i t i o n .  
MTB 
R e l a t i v e  Value  When Main T i m e  Base i s  i n  UNCAL 
( d i v )  p o s i t i o n  o r  when i n s t r u m e n t  i s  

i n  X vs  Y mode. 

S e t t i n g s  o n l y  } 
1 

Cursors Only I I n c l .  C u r s o r  Read ings  1 
S e t t i n g s  + 1 
Cur s o  rs 1 

i n d e p e n d e n t  of  I n  SINGLE p o s i t i o n  of MTB, 
t r a c e  i n t e n s i -  s e t t i n g  r e a d i n g s  are  d i s p l a y e d  
t y  b u t  com- d u r i n g  max. 0,ls when SINGLE 
b i n e d  w i t h  b u t t o n  i s  pushed.  
c u r s o r  i n t e n-  
s i t y  

Ch.A d e f l e c t .  When c h a n n e l  A i s  d i s p l a y e d .  
c o e f f i c i e n t .  

Ch.B d e f l e c t .  When c h a n n e l  B i s  d i s p l a y e d .  
c o e f f i c i e n t .  

MTB d e f l e c t i o n  In MTB, MTB-INTENS and 
c o e f f i c i e n t .  a l t e r n a t e  sweep mode. 

DTB d e f l e c t i o n  I n  DTB and a l t e r n a t e  sweep 
c o e f f i c i e n t .  mode. 
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73 2.2.14. CALIBRATOR 

Wave Form: 
Shape 

I n t e r n a l  Impedance 

Output  V o l t a g e  ( p e a k  
t o  peak)  

Output  C u r r e n t  ( p e a k  
t o  peak)  

Frequency 

2.2.15.  POWER SUPPLY 

Source  V o l t a g e  a.c. A ( r  .m. s .) 

Nominal 

L i m i t s  o f  O p e r a t i o n  

Source  Frequency 

Nominal 

L i m i t s  of o p e r a t i o n  

Source  Waveform 
c h a r a c t e r i s t i c s :  

Max. Waveform 
D e v i a t i o n  F a c t o r  

Al lowable  Power 
Source  I n t e r r u p t i o n :  

Power Consumption 
( a . c .  s o u r c e )  

s q u a r e  wave 

50 Ohm 
+ o r  - 1% 

1 V  + o r  - 1% Open V o l t a g e :  h a l v e s  when 
pos .  g o i n g  t e r m i n a t e d  i n t o  
w i t h  respect  50 Ohm. 
t o  ground 

20mA + o r  - 2% When o u t p u t  s h o r t  c i r c u i t e d ;  
h a l v e s  when t e rmina ted  i n t o  
50 Ohm. 

2kHz + o r  
- 0,1% 

1OOV...24OV 

9OV.. .264V 

50 Hz.. .400 Hz 

45 Hz.. ,440 Hz 

A t  Nominal Source  Vol tage  

10% 

A t  l e a s t  2Oms A t  nominal  s o u r c e  Vol tage .  
A f t e r  t h i s  t ime O s c i l l o s c o p e  
S e t t i n g s  are saved 
b e f o r e  i n s t r u m e n t  goes  down. 
Automat ic  Power UP  
a f t e r  r e s t o r a t i o n  o f  Power 
L i n e  Vol tage .  (For  
S e t t i n g  R e t e n t i o n  see 2.2.16. 
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T y p i c a l  130W 

L i m i t s  of O p e r a t i o n  136W 

Opt ions  excluded 

PM8950 (IEEE 488) o p t i o n  
i n c  1 ud ed 

2.2.16.  SUNDRIES 

S e t t i n g s  R e t e n t i o n :  

- Memory Back Up 
Vol t  age 

- Memory Back Up 
Cur ren t  Drain  

- Recommended 
Ba t te r ies :  

t y p e  

q u a n t i t y  

2v. .  . 3 ,5v  

t y p i c a l  0 , l u A  

LR 6 

2pcs 

- Temperature Rise of 20K 
b a t t e r i e s  

When ins t rument  i s  switched o f f  
o r  d u r i n g  L ine  Power f a i l u r e .  

A t  25OC. 

According t o  I E C  285,  (= 
A l k a l i n e  Manganese P e n l i g h t  
B a t t e r y ) .  e .g .  P H I L I P S  LR6 
o r  DURACELL MN 1500 

A f t e r  warming up pe r iod  of 
i n s t r u m e n t  . 

- R e t e n t i o n  T i m e  t y p i c a l  2 years A t  25OC) w i t h  recommended 
( f r e s h )  b a t t e r i e s .  

Temperature Range -3OOC.. .+70° A t  - 4 O O C . .  . -3OoC 
S e t t i n g s  
R e t e n t i o n  i s  u n c e r t a i n .  
It i s  a d v i s e d  t o  remove 
b a t t e r i e s  from ins t rument  when 
i t  i s  s t o r e d  d u r i n g  l o n g e r  
p e r i o d s  (>24h)  below -3OOC o r  
above 6OoC. 
N.B! UNDER NO CIRCUMSTANCES 
BATTERIES SHOULD BE LEFT I N  THE 
INSTRUMENT AT TEMPERATURES 
BEYOND THE RATED RANGE OF THE 
BATTERY SPECIFICATION! 

F i n i s h  of hous ing  epoxy powder 
coa ted  

P r i n t e d  C i r c u i t  Boards g l a s s  l a m i n a t e  

epoxy 

Cooling f a n  a i d e d  Maintenance f r e e .  
convec t ion  
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2 . 2 . 1 7 .  ENVIRONMENTAL CHARACTERISTICS 

The env i ronmenta l  d a t a  mentioned i n  t h i s  manual a re  based on t h e  
r e s u l t s  of t h e  manufacturer ' s  checking p r o c e d u r e s .  
Deta i l s  on t h e s e  p rocedures  and f a i l u r e  c r i t e r i a  a re  s u p p l i e d  on 
r e q u e s t  by t h e  PHILIPS o r g a n i s a t i o n  i n  your c o u n t r y ,  o r  by PHILIPS, 
INDUSTRIAL & ELECTRO-ACOUSTIC,SYSTEMS DIVISION, E I N D H O V E N ,  THE 
NETHERLANDS. 

Meets Environmental  MIL-T-28800C 
Requirements of Type 111 Class 

5 ,  S t y l e  D 

Temperature 

- Opera t ing :  

Min. Low Tempe- 
r a t u r e  

Max. High Tempe- 
r a t u r e  

- Non O p e r a t i n g :  
( S t o r a g e )  

Min. Low Tempe- 
r a t u r e  

Max. High Tempe- 
r a t u r e  

Maximum Humidity: 

Opera t ing  and Non 
Opera t ing  ( S t o r a g e )  

Maximum A 1  t i t ude : 

- Opera t ing  

ooc 

+5OoC 

- 4 O O C  

+7 5OC 

95% R e l a t i v e  
Humid i t y 

4,5km (15000 
f e e t )  

Memory back  Up Ba t te r i es  
removed from i n s t r u m e n t ,  u n l e s s  
b a t t e r i e s  meet t e m p e r a t u r e  
s p e c i f i c a t i o n s  ( s e e  a l s o  
2 . 2 . 1 6 ) .  

Cf. MIL-T-28800C p a r .  3 .9 .2 .3 .  
t e s t e d  c f .  p a r  4.5.5.1.1.  

Cf . MIL-T-28800C p a r .  3 .9 .2 .4 .  
t e s t e d  c f .  p a r  4 .5 .5 .1 .1 .  

Cf. MIL-T-28800C p a r .  3.9.2.3.  
t e s t e d  c f .  p a r .  4.5.5.1.1.  

Cf. MIL-T-28800C par. 3.9.2.4.  
t e s t e d  c f .  p a r  4 .5 .5 .1 .1 .  

Cf. MIL-T-28800C par .  3.9.2.2.  
t e s t e d  c f .  p a r .  4.5.5.1.1.  

Cf. MIL-T-28800C p a r .  3.9.3.  
t e s t e d  c f .  p a r  4.5.5.2.  

Memory Back Up Batteries 
removed from i n s t r u m e n t ,  u n l e s s  
b a t t e r i e s  meet Maximum A l t i t u d e  
s p e c s .  

Maximum O p e r a t i n g  Temperature  
d e r a t e d  3 O C  f o r  each km ( f o r  
each  3000 f e e t )  above sea 
l e v e l .  
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- Non O p e r a t i n g  12km (40000 
1 S t  o r a g e )  f e e t )  

V i b r a t i o n  ( O p e r a t i n g )  Cf.  MIL-T-28800C par  3.9.4.1. 
t e s t e d  c f .  p a r .  4.5.5.3.1. 

- Freq .  5 . . . 1 5 H ~ :  
Sweep T i m e  7 min 

1 ) 5mm 
max. Accele- 
r a t i o n  7m/s2 ( 0 , 7 g )  A t  15Hz 

Excurs ion  
(pk  t o  pk) 

- Freq .  15...25Hz 
Sweep T i m e  3min 

Ex c u r s  i o n  
(pk  t o  pk) l m m  

max. Accele- 
r a t i o n  13m/s2 ( 1 , 3 g )  A t  25Hz 

- Freq .  25...55Hz: 
Sweep T i m e  5min 

Ex c u r s  i o n  
(pk  t o  pk) 0,5mm 

max. Accele- 
r a t i o n  3 W s  ( 3 g )  A t  55Hz . 

- Resonance Dwell lOmin 

Shock ( O p e r a t i n g )  

- Amount of shocks  
t o t a l  18 
each  a x i s  6 

- Shock Wave Form h a l f  s i n e  wave 

- D u r a t i o n  1 l m s  

- Peak A c c e l e r a t i o n  300m/s2 (30g)  

Bench Handling 

Meets r e q u i r e m e n t s  of  MIL-STD-810 
method 516,  
p roced .  V 

S a l t  Atmosphere: 

A t  each resonance  f r e q .  ( o r  a t  
33Hz i f  no resonance  was 
found) .  Excurs ion  c f .  20.06.01. 
t o  20.06.03. 

Cf. MIL-T-28800C par. 3.9.5.1.  
t e s t e d  c f .  par .  4.5.5.4.1. 

( 3  i n  each d i r e c t i o n )  

Cf. MIL-T-28800C p a r .  3.9.5.3.  
t e s t e d  c f .  p a r .  4.5.5.4.3. 

Cf. MIL-T-28800C p a r .  3.9.8.1. 
t e s t e d  c f .  p a r .  4.5.6.2.1. 
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Structural parts meet MIL-STD-810 
requirements of method 509, 

proced. I 
salt solution 
20% 

EM1 (Electro Magnetic 
Interference) 
meets requirements of MIL-STD-461 Applicable requirements of Part 

Class B 7: CE03, CE07, CSO1, CS02, 

VDE 0871 and 
VDE 0875 Grenz- 
wertklasse B 

CSO6, RE02, RS02, RS03. 

Magnetic Radiated 
Susceptibility : 

Tested conforming IEC 351-1 
par. 5.1.3.1. 

Maximum Deflection 7mm/mT (0,7mm/ Measured with instrument in a 
Factor gauss) homogeneous magnetic field (in 

any direction with respect to 
instrument) with a Flux 
Intensity (peak to peak value) 
of 1,42mT (14,2 gauss) and of 
Symetrical Sine wave Form with 
a Frequency of 45...66Hz. 

I 2.2.18. SAFETY 

Meets requirements of IEC 348 
Class I 

VDE 0411 Expect for power cord, unless 
shipped with Universal European 
power plug 

Expect for power cord, unless 
shipped with North American 
power plug 

UL 1244 
CSA 556B 

2.2.19. ACCESSORIES 

Accessories furnished 2x10:1 passive 10 M.Ohm, 1O:l Passive 
with instrument probe PX8929/99 Probe with read Out (lm). 

PM93 10 Collapsible Viewing Hood 

Blue Contrast Factory installed 
Filter 

Operating 
Manual 

Front Cover 

I -  
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f ( M H r !  - 
W A T 1 7 E 2  

f i g .  2 . 2  Inpu t  r e s i s t a n c e  R p a r .  and 

? E  , 

325 

c a p a c i t a n c e  C p a r .  v e r s u s  f r e q u e n c y .  

f i g . 2 . 3 .  Maximum i n p u t  v o l t a g e  (peak  t o  peak) d e r a t i n g  v e r s u s  f requency .  
1) 
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3. I N T R O D U C T I O N  TO C I R C U I T  DESCRIPTION AND BLOCK DIAGRAM DESCRIPTION. 

3.1 INTRODUCTI ON TO C I R C U I T  DESCRIPTION. 

The f u n c t i o n i n g  of t h e  c i r c u i t s  i s  exp la ined  pe r  p r i n t e d  c i r c u i t  board 
( P . c . ~ . ) .  For e v e r y  p .c .b .  a separate c h a p t e r  i s  a v a i l a b l e  c o n t a i n i n g  t h e  
l a y o u t  of t h e  p .c .b . ,  t h e  be long ing  c i r c u i t  d iagram (s)  and t h e  c i r c u i t  
d e s c r i p t i o n .  

L o c a t i o n  of e l e c t i c a l  p a r t s .  

The i temnumbers of C . . . ,  R . . . ,  V..., N..., D . . .  and K . . .  have been d iv ided  
i n t o  g roups  which r e l a t e  t o  t h e  c i r c u i t ,  t h e  p r i n t e d  c i r c u i t  board 
a c c o r d i n g  t o  t h e  f o l l o w i n g  t a b l e :  

I t  emn umb er P r i n t e d  c i r c u i t  board F i g u r e  

101- 199 
501- 599 
1101-1199 
1601-1699 
4001-4099 
4701-4799 
4801-4899 
4901-5399 
5601-5799 
5901-5999 
6201-6299 
6301-6399 
6601-6699 
6 80 1-6899 
6901-6999 
7000-7050 
7301-7399 
8001-8099 
8201-8299 
8401-8499 
9001-9899 

LCD-uni t 4.1, 4.2 
Switch u n i t  5.2, 5.3 
I n t e r m e d i a t e  u n i t  6.2, 6.3 

F i n a l  Y a m p l i f i e r  14.1, 14.2 

DTB e x t e r n a l  t r i g g e r  u n i t  11.1, 11.3 
Y- signal  u n i t  13.1, 13.2, 13.3, 13.4 
X/Z a m p l i f i e r  16.1, 16.2, 16.3 

Pr imary  c o n v e r t e r  u n i t  18.3, 18.4 
Secondary c o n v e r t e r  u n i t  19.4, 19.5 
High v o l t a g e  c o n v e r t e r  u n i t  20.2, 20.3 

LF- at tenua to r  u n i t  10 .4 ,  10.3 

C e n t r a l  p r o c e s s o r  u n i t  7.2, 7,3, 7.4, 7.5 

MTB e x t e r n a l  t r i g g e r  u n i t  11.1, 11.2 

CRT-controls u n i t  22.1, 22.2 

KF-a t t enua to r  u n i t  10 .1 ,  10.2 

A d a p t a t i o n  u n i t  12.1, 12.2 
Mother Board 21.1, 21.2 
I E E E  488 b u s  u n i t  ( o p t i o n a l )  9.1, 9.2, 9.3 
CRT t e x t  u n i t  ( o p t i o n a l )  8.1, 8.2, 8.3 
CRT- so c ke t u n i t  17.1, 17.2 
Time-base and t ime b a s e  c h i p- u n i t  15.10, 15.11, 15.12, 

15.13, 15.14 

NOTE: I n  t h e  c i r c u i t  d iagrams you can f i n d  s e v e r a l  s i g n a l  names. Some 
of them have a l i n e  on t o p  which means t h a t  t h e  s i g n a l  i s  low i f  
t h e  r e l a t e d  f u n c t i o n  i s  on. In t h e s e  c i r c u i t  d e s c r i p t i o n s  t h e  
l i n e  on t o p  of t h e  s i g n a l  name i s  n o t  p r e s e n t ;  i t  i s  rep laced  by 
t h e  a d d i t i o n  ' I - ' '  d i r e c t l y  behind t h e  s i g n a l  name. 
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BLOCK DIAGRAM..DESCRIPTION ( s e e  f i g .  3 .1 .  ) 

In t roduc  t i o n  

T h i s  b l o c k  diagram d e s c r i p t i o n  i s  based around a l l  t h e  important  
f u n c t i o n a l  b l o c k s  and t h e i r  i n t e r c o n n e c t i o n s .  I n  o r d e r  t o  ass i s t  i n  
c r o s s - r e f e r e n c e  w i t h  t h e  c i r c u i t  d iagrams ,  t h e  b l o c k s  i n c l u d e  
t h e  i temnumbers of t h e  a c t i v e  components t h e y  c o n t a i n .  
F u r t h e r m o r e ,  t h e  b l o c k s  are grouped t o g e t h e r  per p r i n t e d- c i r c u i t  
b o a r d ,  o r  a pa r t  of i t .  To f a c i l i t a t e  r e f e r e n c e ,  t h e  names of t h e  
f u n c t i o n a l  b l o c k s  and p.c.b.  u n i t s  are g iven  i n  text  i n  CAPITALS. 
S i g n a l  waveforms are  a l s o  i n d i c a t e d  a t  b l o c k  i n t e r c o n n e c t i o n s  where 
u s e f u l .  
I n  t h i s  i n s t r u m e n t  almost  a l l  t h e  c o n t r o l s  (potentiometers,pushbutton 
s w i t c h e s  and r o t a r y  s w i t c h e s )  i n f l u e n c e  t h e  o s c i l l o s c o p e  c i r c u i t s  v i a  
a microcomputer (uC) system: as  a r e s u l t ,  t h e  p o s i t i o n  of t h e  
c o n t r o l s  i s  moni tored by t h e  uC, which a d j u s t s  t h e  t ime- base ,  
i n p u t  a t t e n u a t o r s ,  e t c .  a c c o r d i n g l y  t o  t h e  d e s i r e d  va lue .  For t h i s  
purpose ,  c o n t r o l  c i r c u i t s  a r e  p r e s e n t  a t  d i f f e r e n t  p o i n t s  i n  t h e  
i n s t r u m e n t ;  e .g .  on t h e  y- signal  u n i t ,  t h e  t ime- base and i n  t h e  
v i c i n i t y  of t h e  i n p u t  u n i t s  f o r  channe l  A ,  B and e x t e r n a l  
t r i g g e r i n g .  
The c o n t r o l  c i r c u i t s  themselves a r e  c o n t r o l l e d  by the- UC . I f  t h e  
I E E E  o p t i o n  i s  i n s t a l l e d ,  an e x t e r n a l  c o n t r o l l e r  i s  capab le  of  
c o n t r o l l i n g  t h e  i n s t r u m e n t s  f u n c t i o n s ;  i n  t h i s  e v e n t ,  t h e  f ron t- pane l  
c o n t r o l s  are  i n a c t i v e .  Via t h e  IEEE-bus t h e  c o n t r o l l e r  can a l s o  t ake -  
i n  a complete  f r o n t  panel  s e t t i n g  d a t a .  
Another o p t i o n a l  u n i t  i s  t h e  CRT TEXT u n i t .  Th i s  u n i t  w r i t e s  t e x t ;  
e . g .  t i m e  b a s e  and a t t e n u a t o r  s e t t i n g s ,  and a l s o  c u r s o r s  on t h e  c . r . t .  
s c r e e n .  During a normal s i g n a l  d i s p l a y  c y c l e ,  t h i s  c y c l e  i s  
i n t e r r u p t e d  w h i l e  text  i s  w r i t t e n .  For t h i s  purpose ,  t h e  i n p u t s  of the  
f i n a l  v e r t i c a l  ( Y )  a m p l i f i e r ,  f i n a l  h o r i z o n t a l  ( X )  a m p l i f i e r  and t h e  
i n t e n s i t y  ( Z )  a m p l i f i e r  are then swi tched t o  t h e  X , Y  and Z o u t p u t s  of 
t h e  TEXT u n i t .  
The MOTHER BOARD of  t h e  ins t rument  i s  a p.c.b.  w i t h  o n l y  few 
components,  b u t  i t  p lays  a v i t a l  r o l e  as a connec t ing  system f o r  
c o n t r o l  s i g n a l s  between t h e  o s c i l l o s c o p e  c i r u i t s  and t h e  uC. 
The u n i t  a l s o  d i s t r i b u t e s  t h e  supp ly  v o l t a g e s  from t h e  
power s u p p l y  t o  v a r i o u s  o s c i l l o s c o p e  c i r c u i t s .  Most p.c.b.’s a r e  
connected t o  t h e  MOTHER BOARD. 

F ron t  u n i t  

T h i s  u n i t  i n c o r p o r a t e s  t h e  n e c e s s a r y  c i r c u i t s  t o  c o n t r o l  t h e  
o s c i l l o s c o p e  f u n c t i o n s .  It c o n s i s t s  of a number of p.c.b’s. l o c a t e d  
one behind t h e  o t h e r  i n  p a r a l l e l  w i t h  t h e  f r o n t  t e x t  p l a t e .  The 
CENTRAL PROCESSOR U N I T  (CPU) forms t h e  h e a r t  of t h e  f r o n t  u n i t .  
The p.c.b’s. of  t h e  f r o n t  u n i t  are now d e s c r i b e d  i n  o r d e r  from t h e  
t e x t  p l a t e .  

LCD u n i t  

T h i s  u n i t  i n c o r p o r a t e s  t h e  LCD read- outs  f o r  t h e  s e n s i t i v i t y  of the  
v e r t i c a l  c h a n n e l s  and t h e  p o s i t i o n s  of t h e  MTB and DTB and t h e  d e l a y  
t i m e .  The b l o c k  LCD DRIVERS i s  c o n t r o l l e d  by t h e  CENTRAL PROCESSOR 
UNIT and i n c o r p o r a t e s  s e p a r a t e  d r i v e s  f o r  each LCD.  
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B Swi tch  u n i t  

T h i s  p . c . b .  m a i n l y  i n c l u d e s  t h e  f r o n t- p a n e l  p u s h b u t t o n  s w i t c h e s .  
Depending on t h e  i n s t r u m e n t  V e r s i o n ,  a maximum o f  6 4  s w i t c h e s  can  b e  
read- out  by t h e  CENTRAL PROCESSOR U N I T .  Each p u s h b u t t o n  c o n t a i n s  
a LED t o  i n d i c a t e  when t h e  f u n c t i o n  i s  on,  c o n t r o l l e d  by t h e  CPU v i a  
t h e  LED D R I V E R S .  
The SWITCH U N I T  a l s o  c o n t a i n s  a number of i n f r a - r e d  L E D s ,  which h e l p  
t o  read- out  t h e  r o t a r y  s w i t c h e s  on t h e  INTEEMEDIATE U N I T .  

I n t e r m e d i a t e  u n i t  

T h i s  p . c . b .  i n c o r p o r a t e s  a number of p o t e n t i o m e t e r s  and t h e  r o t a r y  
s w i t c h e s  Y MlPL f o r  t h e  v e r t i c a l  c h a n n e l s ,  DEL D T B ,  DELAY o r  DELTA T 
and M A I N  TB. 

R o t a r y  s w i t c h e s  
They a r e  c o n t a c t l e s s ,  o p t i c a l  s w i t c h e s .  A d i s c  w i t h  h o l e s  i s  
d i r e c t l y - c o u p l e d  t o  t h e  c o n t r o l  knob. A p a i r  of  i n f r a - r e d  LED’S 
l o c a t e d  on t h e  SWITCH WIT s h i n e  th rough  t h e  h o l e s  on t o  a p a i r  of 
p h o t o - t r a n s i s t o r s .  These p h o t o - t r a n s i s t o r s  are p a r t  of t h e  b l o c k  
POSITION DETECTORS FOR THE OPTICAL SWITCHES. I f  t h e  d i s c  i s  
r o t a t e d , t h e  l i g h t  beams are i n t e r r u p t e d  between h o l e s  i n  a n  
o n / o € f / o n / o f €  sequence .  Th i s  r e s u l t s  i n  a p u l s e  p a t t e r n  at= t h e  photo-  
t r a n s i s t o r s .  The number of  p u l s e s  i s  a measure  of  t h e  number o f  
s t e p s  t h a t  t h e  c o n t r o l  knob has  made. By u s i n g  two p h o t o - t r a n s i s t o r s  
pe r  knob,  i t  i s  p o s s i b l e  t o  d e t e c t  t h e  d i r e c t i o n  of  r o t a t i o n  o f  t h e  
knob: t h i s  i n f o r m a t i o n  i s  g i v e n  by t h e  phase  d i f f e r e n c e  be tween t h e  
p u l s e s  a t  t h e  two p h o t o - t r a n s i s t o r s .  I f  a r o t a r y  s w i t c h  i s  o p e r a t e d ,  
t h e  POSITION DETECTORS FOR THE OPTICAL SWITCHES send a s i g n a l  t o  t h e  
CENTRAL PROCESSOR U N I T .  A f t e r  t h i s ,  t h e  number and phase  of  t h e  p u l s e s  
c a n  be  r e a d  by t h e  p r o c e s s o r .  

P o t e n t i o m e t e r s  
The s i g n a l s  from t h e  p o t e n t i o m e t e r s  HOLD OFF,  TRACE SEP, X POS and 
LEVEL DTB are d i r e c l y  r o u t e d  t o  t h e  o u t p u t s  of t h e  u n i t .  
The s i g n a l s  from t h e  p o t e n t i o m e t e r s  Y POS A,  Y POS B and LEVEL MTB are  
a p p l i e d  t o  t h e  b l o c k  NORMAL/FIXED POTENTIOMETER SELECTION. The t h r e e  
o u t p u t s  i n  t h i s  b l o c k  are e i t h e r  connec ted  t o  t h e  a s s o c i a t e d  
p o t e n t i o m e t e r  (normal  mode) o r  t o  a f i x e d  d . c .  v o l t a g e  ( a f t e r  t h e  AUTO 
SET mode i n i t i a t e d ) .  The b l o c k  POTENTIOMETER POSITION 
D E T E C T I O N  C A L / F I X E D  d e t e c t s  f o r  t h e  Y POS A ,  Y POS B o r  LEVEL MTB 
( s e l e c t e d  by t h e  CPU) whe the r  one of them i s  moved ( a f t e r  AUTO SET 
s e l e c t e d )  t h r o u g h  i t s  mid- pos i t i on .  I f  s o ,  t h e  CPU i s  i n f o r m a t e d  
v i a  t h e  b l o c k  POSITION DETECTORS FOR THE OPTICAL SWITCHES, w i t h  t h e  
r e s u l t  t h a t  t h e  p o t e n t i o m e t e r  i s  a c t i v e  a g a i n .  
The b l o c k  POTENTIOMETER POSITION DETECTION CAL/FIXED d e t e c t s  
p o s i t i o n a l  s t a t e  of t h e  p o t e n t i o m e t e r s  VAR A ,  VAR B ,  VAR MTB 
o r  VAR DTB ( s e l e c t e d  by t h e  CPU); i . e .  whether  one  i s  i n  i t s  
c a l i b r a t e d  p o s i t i o n .  T h i s  i n f o r m a t i o n  i s  a l s o  r o u t e d  t o  t h e  CPU. 

C e n t r a l  p r o c e s s o r  u n i t  (CPU) 

The CENTRAL MICROCOMPUTER on t h i s  p .c .b .  c o n t r o l s  a l l  t h e  c i r c u i t s  i n  
t h e  i n s t r u m e n t .  I n  a d d i t i o n ,  i t  a l s o  c o n t r o l s  t h e  mic rocompute r s  On 
t h e  I E E E  U N I T  and t h e  CRT TEXT UNIT. 

The CENTRAL MICROCOMPUTER h a s  t h e  f o l l o w i n g  i n p u t s :  
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- PROBE INDICator s i g n a l s  f o r  t h e  v e r t i c a l  c h a n n e l s  A and B .  These 
in fo rm t h e  microcomputer of  t h e  t y p e s  of p robes  connec ted  t o  v e r t i c a l  
i n p u t s  s o c k e t s  A and B, and adap t  t h e  s e n s i t i v i t y  of t h e  read- out of 
t h e  LCDs t o  them. Any o v e r l o a d  of  t h e  a t t e n u a t o r  50-ohm i n p u t  
r e s i s t o r s  i s  d e t e c t e d  v i a  t h e s e  i n p u t s .  
- ALARM s i g n a l  from t h e  power s u p p l y .  Th i s  s i g n a l  e n s u r e s  t h a t  t h e  
microcomputer s a v e s  impor tan t  i n f o r m a t i o n  ( e . g .  f r o n t- p a n e l  s e t t i n g s )  
i n  i t s  memory ( w i t h  b a t t e r y  back-up) i n  t h e  e v e n t  of power swi tch- off  
o r  f a i l u r e .  
- A s i g n a l  i n p u t  from t h e  I NT E RME DI AT E USIT  d e f i n i n g  t h e  p o s i t i o n  of 
t h e  r o t a r y  s w i t c h e s  and p o t e n t i o m e t e r s .  
- A s i g n a l  from t h e  I E E E  U X I T  ( i f  f i t t e d )  t o  d e t e r m i n e  t h e  
p o t e n t i o m e t e r  p o s i t i o n s .  

The f o l l o w i n g  o u t p u t  s i g n a l s  a r e  a v a i l a b l e :  

- A 3MHz microcomputer c l o c k  p u l s e .  Th i s  s i g n a l  i s  d i v i d e d  on t h e  
MOTHER BOARD t o  g e n e r a t e  a 2 kHz CAL s i g n a l .  
- A s i g n a l  f o r  t h e  CONTROL C I R C U I T  on t h e  Y s i g n a l  u n i t ,  t h e  t ime- base  
and f o r  t h e  v e r t i c a l  i n p u t  u n i t  and t h e  MTB/DTB e x t e r n a l  t r i g g e r  i n p u t  
u n i t .  
- A c o n t r o l  c i r c u i t  f o r  t h e  INTERMEDIATE U N I T  b l o c k s  NO&l'L/FIXED 
POTENTIOMETER SELECTION and POTEXTIOMETER POSITION D E T E C T I O N  

- A c o n t r o l  s i g n a l  t o  s w i t c h  t h e  L E D s  on t h e  SWITCH U N I T .  The 
pushbu t tons  on t h i s  u n i t  a r e  read v i a  t h e  PUSHBUTTON SWITCH READ-OUT 
b l o c k .  
- A c o n t r o l  s i g n a l  f o r  s w i t c h i n g  t h e  L C D  segments  on t h e  L C D  U N I T .  
- C o n t r o l  s i g n a l s  from t h e  EXTERSAL ADDRES/DATA BUS CONTROL b l o c k  
e n a b l e  communication between t h e  microcomputer and t h e  I E E E  U N I T  o r  
t h e  CRT TEXT U N I T .  
- C o n t r o l  s i g n a l s  from t h e  microcomputer t o  t h e  TRIPLE DIGITAL-TO- 
ANALOG CONVERTER. 
Th i s  b l o c k  c o n v e r t s  d i g i t a l  i n f o r m a t i o n  from t h e  microcomputer i n t o  
t h r e e  s e p a r a t e l y  c o n t r o l l a b l e  o u t p u t  d . c .  s i g n a l s .  
These s i g n a l s  p r o v i d e  p o t e n t i o m e t e r  p o s i t i o n  d e t e c t i o n  on t h e  
I E E E  U N I T  and s t a r t  t h e  DTB ( a f t e r  d e l a y  t i m e  o r  d e l a y  + d e l t a  t t i m e )  
i n  t h e  COMPARATOR b l o c k  on t h e  TIME BASE.  Th i s  b l o c k  a l s o  de te rmines  
t h e  p o s i t i o n  of t h e  c u r s o r  l i n e s  v i a  t h e  s i g n a l s  D C 1  and D C 2 .  

CAL/FIXED. 

CRT t e x t  u n i t  ( o p t i o n a l )  

T h i s  u n i t  communicates w i t h  t h e  CENTRAL PROCESSOR U N I T  v i a  t h e  I N P U T  
BUFFERS b l o c k .  The TEXT MICROCOMPUTER forms t h e  h e a r t  of t h e  u n i t .  
T h i s  b l o c k  i n t e r r u p t s  t h e  normal s i g n a l  d i s p l a y  c y c l e  momentar i ly  i f  
t e x t  h a s  t o  b e  w r i t t e n  on t h e  c . r . t .  s c r e e n .  T h i s  i s  i n i t i a t e d  by t h e  
o u t p u t  s i g n a l  NORMAL/TEXT, which i n t e r r u p t s  t h e  normal s i g n a l s  f o r  t h e  
f i n a l  Y a m p l i f i e r ,  t h e  f i n a l  X a m p l i f i e r  and t h e  i n t e n s i t y  a m p l i f i e r .  
A t  t h e  same t i m e ,  t h e  TEXT GENERATOR produces  i t s  own raster by 
s t a r t i n g  a s low sweep ( ' frame TB') which i s  a p p l i e d  t o  t h e  f i n a l  Y 
a m p l i f i e r ,  and a number of f a s t  sweeps ( " l i n e  TB") a p p l i e d  t o  t h e  
f i n a l  X a m p l i f i e r .  A s  a r e s u l t , i t  writes a-number  of  h o r i z o n t a l  l i n e s  
on t h e  s c r e e n .  The r e l a t e d  i n t e n s i t y  i n f o r m a t i o n  a p p l i e d  t o  t h e  
INTENSITY GENERATOR i s  a g a i n  g e n e r a t e d  by t h e  TEXT GENEFLATOR. The 
compos i t ion  of t h e  text  i s  i d e n t i c a l  t o  t h e  compos i t ion  of a 
t e l e v i s i o n  p i c t u r e .  
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I E E E  u n i t  ( o p t i o n a l )  

T h i s  u n i t  i n c o r p o r a t e s  a d i g i t a l  p a r t  and an ana log  p a r t ,  t h e  l a t t e r  
be ing  used f o r  IEEE-control Of  t h e  p o t e n t i o m e t e r s .  The h e a r t  of t h e  
u n i t  c o n s i s t s  of t h e  I E E E  CONTROL L O G I C  t h a t  communicates w i t h  t h e  
CENTRAL PROCESSOR UNIT.  Th i s  b l o c k  c o n t a i n s  a l l  t h e  c i r c u i t s  
r e q u i r e d  t o  communicate w i t h  t h e  system-bus i n s t r u m e n t s  v i a  t h e  I E E E  
c o n n e c t o r  on t h e  rea r- pane l  of t h e  i n s t r u m e n t .  The I E E E  CONTROL L O G I C  
c o n t r o l s  t h e  analog p a r t  of t h e  I E E E  U N I T  v i a  t h e  b l o c k  " INTERFACE 
BETWEEN DIGITAL AND ANALOG PART". 
The ana log  p a r t  s e r v e s  two purposes :  

- I t  d e t e c t s  t h e  p o t e n t i o m e t e r  p o s i t i o n s  and r o u t e s  t h i s  in fo rmat ion  
t o  t h e  I E E E  c o n t r o l l e r .  The POTENTIOMETER POSITION DETECTION I E E E  
b l o c k  s e l e c t s  one p o t e n t i o m e t e r  f o r  t h i s  purpose.  The v o l t a g e  s i g n a l  
from t h e  po ten t iomete r  i s  compared w i t h  a sawtooth  v o l t a g e  from t h e  
T R I P L E  DIGITAL-TO-ANALOG CONVERTER. I f  t h e  i n s t a n t a n e o u s  v a l u e  of  t h e  
sawtoo th  e q u a l s  t h a t  from t h e  p o t e n t i o m e t e r  a s i g n a l  i s  s e n t  t o  t h e  
CENTRAL MICROCOMPUTER which then  r e g i s t e r s  t h e  p o t e n t i o m e t e r  p o s i t i o n  
s i n c e  i t  i s  a l s o  aware of t h e  i n s t a n t a n e o u s  v a l u e  of t h e  sawtooth (The 
DAC i s  c o n t r o l l e d  by t h e  microcomputer) .  

- I t  b r i n g s  t h e  po ten t iomete r  f u n c t i o n s  under c o n t r o l  of t h e  I E E E ,  
whereupon t h e  f r o n t- p a n e l  c o n t r o l s  have no i n f l u e n c e .  For t h i s  purpose 
t h e  PROGRAMMABLE VOLTAGE SOURCES b l o c k  c o n t a i n s  s e v e r a l  v o l t a g e  
s o u r c e s ,  one f o r  each p o t e n t i o m e t e r  t h a t  must be taken over .  
These v o l t a g e  s o u r c e s  a r e  loaded w i t h  a d .c .  v o l t a g e  genera ted  by t h e  
o u t p u t  of  t h e  TRIPLE DIGITAL-TO-ANALOG CONVERTER on t h e  CENTRAL 
PROCESSOR U N I T .  
The LOCAL/REMOTE SWITCH b l o c k  p e r m i t s  t h e  o s c i l l o s c o p e  c i r c u i t  t o  
be  connected t o  i t s  a s s o c i a t e d  p o t e n t i o m e t e r  ( e . g .  Y-POS A) i n  l o c a l  
mode, o r  wi th  one of t h e  programmable v o l t a g e  s o u r c e s  i n  remote (IEEE) 
mode. 
NOTE: i f  t h e  I E E E  UNIT i s  not  i n s t a l l e d ,  t h e  po ten t iomete r  o u t p u t s  

from t h e  INTERMEDIATE U N I T  are  d i r e c t l y  connected t o  t h e i r  
a s s o c i a t e d  c i r c u i t s  i n  t h e  o s c i l l o s c o p e .  

3 .2 .3 .  V e r t i c a l  a t t e n u a t o r  u n i t  

S i n c e  channe l  A and B a t t e n u a t o r  u n i t s  are i d e n t i c a l ,  o n l y  channel  
A i s  d e s c r i b e d .  The i n p u t  s i g n a l  i s  a p p l i e d  t o  t h e  v e r t i c a l  i n p u t  
s o c k e t .  From h e r e  t h e  s i g n a l  i s  s p l i t  up i n t o  two components; namely: 
- t h e  HF ( h i g h  f requency)  component a p p l i e d  t o  t h e  CAPACITIVE 
ATTENUATORS b l o c k ,  which g i v e s  s i g n a l  a t t e n t u a t i o n  of x100, x l 0 , o r  X I ,  
- t h e  LF and DC ( low- frequency and d i r e c t  c u r r e n t )  components a p p l i e d  
t o  t h e  COMPARATOR b lock .  In  t h e  i n p u t  of t h e  COMPARATOR, a d .c .  
b l o c k i n g  c a p a c i t o r  i s  p r e s e n t  f o r  t h e  AC-coupled mode. This  c a p a c i t o r  
i s  s h o r t - c i r c u i t e d  by a swi tch  c o n t a c t  i n  t h e  DC-coupled mode. 
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The o u t p u t  s i g n a l s  from t h e  CAPACIT IVE ATTENUATORS and f rom t h e  
COMPARATOR are  added and a m p l i f i e d  by t h e  SUMMATION STAGE AND OUTP’JT 
AMPLIFIER. T h i s  b l o c k  a l s o  e n a b l e s  x5 g a i n  i n c r e a s e  f o r  t h e  h i g h e s t  
i n p u t  s e n s i t i v i ’ t y  o f  t h e  i n s t r u m e n t .  The o u t p u t  s i g n a l  i s  r o u t e d  t o  
t h e  SIGNAL UNIT.  A p a r t  of t h e  o u t p u t  s i g n a l  i s  f e d  back  v i a  t h e  
FEEDBACK RESISTORS b l o c k  t o  t h e  i n p u t  of  t h e  COMPARATOR where i t  i s  
compared w i t h  t h e  LF and DC components  i n  t h e  i n p u t  s i g n a l .  V a r i o u s  
f e e d b a c k  r e s i s t o r s  can  be  s e l e c t e d  i n  t h e  FEEDBACK RESISTORS b l o c k .  
T h i s  o c c u r s  s i m u l t a n e o u s l y  w i t h  t h e  s e l e c t i o n  of  t h e  a t t e n u a t i o n  co- 
e f f i c i e n t s  o f  t h e  CAPACITIVE ATTENUATORS. 
The i n p u t  impedance of  t h e  a t t e n u a t o r  u n i t  can  be  changed f rom 1M.Ohm 
t o  50 Ohm i f  t h e  50-Ohm t e r m i n a t i o n  r e s i s t o r  i s  s w i t c h e d  on. I f  t h e  
d i s s i p a t i o n  i n  t h i s  r e s i s t o r  i s  e x c e s s i v e ,  t h e  TEMPERATURE SENSING 
C I R C U I T  g i v e s  an  a l a r m  t o  t h e  c e n t r a l  micro  p r o c e s s o r .  T h i s  alarm i s  
r o u t e d  v i a  t h e  l i n e  t h a t  i s  a l s o  used f o r  t h e  probe  i n d i c a t o r .  

A l l  b l o c k s  t h a t  a re  c a p a b l e  of working i n  d i f f e r e n t  modes ( e . g .  
d i f f e r e n t  a t t e n u a t i o n  c o e f f i c i e n t s )  a re  c o n t r o l l e d  v ia  a CONTROL 
C I R C U I T  from t h e  c e n t r a l  m i c r o p r o c e s s o r . T h i s  CONTROL C I R C U I T  b l o c k  i s  
n o t  l o c a t e d  on t h e  a t t e n u a t o r  u n i t ,  b u t  i s  on a s e p a r a t e  un i t  - t h e  
ADAPTATIOS U N I T .  The a t t e n u a t o r  u n i t  c i r c u i t s  are l o c a t e d  on two 
p .c .b . ’ s :  a n  HF ( h i g h- f r e q u e n c y )  u n i t  an  and LF ( l o w  f r e q u e n c y )  u n i t .  

3 . 2 . 4 .  

3 .2 .5 .  

MTB and DTB e x t e r n a l  t r i g g e r  u n i t  

T h i s  u n i t  i n c o r p o r a t e s  two i d e n t i c a l  i n p u t  c i r c u i t s  used e x t e r n a l  
MTB and DTB t r i g g e r i n g .  T h e i r  o u t p u t  s i g n a l s  are  r o u t e d  t o  t h e  SIGNAL 
U N I T  s t a g e  f o r  MTB and DTB t r i g g e r i n g .  
Each t r i g g e r  i n p u t  c i r c u i t  o p e r a t e s  i n  t h e  same way as t h e  c h a n n e l  
A and B a t t e n u a t o r s .  However, t h e r e  a r e  fewer a t t e n u a t i o n  c o e f f i c i e n t s  
f o r  t h e  e x t e r n a l  t r i g g e r  i n p u t s .  
The d i f f e r e n t  modes of t h i s  u n i t  are c o n t r o l l e d  by  t h e  c e n t r a l  
microcomputer  v i a  a CONTROL C I R C U I T  l o c a t e d  01 t h e  ADAPTATION U N I T .  

S i g n a l  u n i t  

T h i s  u n i t  i n c o r p o r a t e s  t h e  p r e- a m p l i f i e r s  f o r  t h e  v e r t i c a l  A and B 
c h a n n e l s  and t h e  t r i g g e r  c i r c u i t s  f o r  t h e  MTB and DTB.  A l l  t h e s e  
f u n c t i o n s  a r e  c o n t r o l l e d  by t h e  c o n t r a 1  microcomputer  v i a  t h e  CONTROL 
CIRCL‘ IT  FOR THE S I G N A L  U N I T  b l o c k .  

Ver t ica l  c h a n n e l s  A and B 
S i n c e  b o t h  c h a n n e l s  a re  i d e n t i c a l ,  o n l y  c h a n n e l  A i s  d e s c r i b e d .  The 
s i g n a l  from t h e  a t t e n u a t o r  u n i t  i s  a p p l i e d  t o  t h e  CHANNEL A PRE- 
AMPLIFIER b l o c k .  T h i s  b l o c k  h a s  a v a r i a b l e  g a i n ,  i n f l u e n c e d  by  t h e  
f r o n t- p a n e l  VAR p o t e n t i o m e t e r .  The g a i n  i s  a l s o  
c o n t r o l l a b l e  i n  ‘ s t e p s  t o  g i v e  d i f f e r e n t  i n p u t  s e n s i t i v i t i e s  of  t h e  
i n s t r u m e n t .  CHASNEL A PRE-AMPLIFIER h a s  two o u t p u t s .  
- One o u t p u t  a p p l i e d  t o  t h e  CHANNEL A TRIGGER PICK-OFF t o  t r i g g e r  MTB 

- The o t h e r  o u t p u t  s i g n a l  r o u t e d  t o  t h e  DELAY LINE DRIVER.  The c h a n n e l  

The T R I G G E R  V I E W  c h a n n e l  e n a b l e s  d i s p l a y  of t h e  MTB t r i g g e r  s o u r c e .  
The TRIGGER VIEW s i g n a l  i s  swi t ched  i n  t h e  DELAY LINE DRIVER. 
To c o n t r o l  t h e  v e r t i c a l  p o s i t i o n ,  e i t h e r  t h e  CWVNEL A POSITION 
CONTROL b l o c k  o r  t h e  CHANNEL B POSITION CONTROL b l o c k  i n f l u e n c e s  
t h e  s h i f t  of  t h e  DELAY LINE DRIVER s i g n a l .  T h i s  depends  on t h e  
v e r t i c a l  channe l  d i s p l a y e d .  The DELAY LINE DRIVER a l s o  i n c o r p o r a t e s  a 
bandwidth  l im i t e r  - a low- pass f i l t e r  w i t h  a c u t- o f f  f r e q u e n c y  o f  20 
MHz. 

a n d / o r  DTB v i a  c h a n n e l  A.  

B and t h e  TRIGGER V I E W  c h a n n e l  a re  a l s o  added i n  t h i s  b l o c k .  
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MTB t r i g g e r  c i r c u i t  

The PlTB HF T R I G G E R  PATH b l o c k  receives  a t r i g g e r  s i g n a l  from one of 
t h e  v e r t i c a l  c h a n n e l s  A o r  B ,  o r  f rom t h e  MTB e x t e r n a l  t r i g g e r  i n p u t .  
One o f  t h e s e  s i g n a l s  can  b e  s e l e c t e d  f o r  MTB t r i g g e r i n g .  The HF 
component i n  t h e  s e l e c t e d  s i g n a l  i s  r o u t e d  t o  t h e  o u t p u t  of  t h e  b l o c k  
p r o v i d e d  t h a t  H F  r e jec t  i s  n o t  on. The LF and DC components  are r o u t e d  
t h r o u g h  t h e  NTB LF+DC TRIGGER PATH b l o c k .  Depending on t h e  s e l e c t e d  
f i l t e r  mode, t h e  s i g n a l  i s  p a s s e d  t h r o u g h  (HF-REject ,  AC and DC mode) 
o r  i t  i s  b locked  (LF-REject mode). 
T h e  o u t p u t  s i g n a l  from t h e  MTB HF TRIGGER PATH i n c l u d e s  t h e  o u t p u t  
s i g n a l  from t h e  XTB LF+DC TRIGGER PATH and i s  r o u t e d  t o  t h e  i n p u t  o f  
t h e  XTB T R I G G E R  AMPLIFIER. T h i s  b l o c k  i n c l u d e s  t h e  LEVEL NTB and SLOPE 
f u n c t i o n s .  A d . c .  v o l t a g e  f rom t h e  f r o n t p a n e l  LEVEL MTB c o n t r o l  i s  
r o u t e d  v i a  t h e  AUTO LEVEL COIVROL b l o c k  t o  t h e  MTB TRIGGER ATPLIFIER. 
T h i s  d . c .  v o l t a g e  d e t e r m i n e s  t h e  i n s t a n t  t h a t  a t r i g g e r  p u l s e  
a p p e a r s  on t h e  o u t p u t .  The t r i g g e r  p u l s e  s t a r t s  t h e  t ime- base  v i a  t h e  
T l i l C G E K  I N P U T  b l o c k . I n  t h e  AUTO mode o f  t h e  MTB, t h e  AUTO LEVEL 
CONTROL e n s u r e s  t h a t  t h e  r a n g e  o f  t h e  MTB LEVEL c o n t r o l  a lways  l i e s  
w i t h i n  t h e  peak- to- peak v a l u e  o f  t h e  s i g n a l  on t h e  c . r . t .  s c r e e n .  
Apar t  from t h e  SlTB t r i g g e r  p u l s e  o u t p u t ,  t h e  XTB TRIGGER AYPLIFIER 
h a s  two o t h e r  o u t  p u t s  : 
- One c a r r i e s  t h e  TRIGGER V I E W  s i g n a l  a p p l i e d  t o  t h e  DELAY LINE 

- t h e  o t h e r  i n p u t  s ends  a s i g n a l  t o  t h e  i n p u t  s w i t c h g s  of  t h e  FINAL 
DRIVER, 

X A M P L I F I E R  i n  o r d e r  t o  e n a b l e  X d e f l e c t i o n  by  a s i g n a l  from t h e  MTB 
t r i g g e r i n g .  

DTB t r i g g e r  c i r c u i t  

B a s i c a l l y ,  t h i s  c i r c u i t  i s  i d e n t i c a l  t o  t h e  NTB t r i g g e r  c i r c u i t .  Th i s  
a l s o  h a s  f i l t e r s  (HF TRIGGER PATH, LF+DC T R I G G E R  PATH) and a DTB 
T R I G G E R  A X P L I F I E R .  However, t h i s  a m p l i f i e r  h a s  o n l y  one  o u t p u t ,  which 
c a r r i e s  t h e  t r i g g e r  p u l s e  t o  s t a r t  t h e  DTB. T h e r e  i s  no a u t o  l e v e l  
c o n t r o l ,  b u t  a Y OUTPUT AMPLIFIER b l o c k  p r o v i d e s  a p a t h  t o  make t h e  
DTB t r i g g e r  s i g n a l  a v a i l a b l e  a t  a BNC o u t p u t  s o c k e t  a t  t h e  r e a r  o f  t h e  
o s c i l l o s c o p e .  

3 . 2 . 6 .  Delay  l i n e  and f i n a l  Y-amDli f ie r  

The v e r t i c a l  d e f l e c t i o n  s i g n a l  f rom t h e  DELAY LINE D R I V E R  on t h e  
SIGKu'i?iL U X I T  i s  a p p l i e d  t o  t h e  DELAY LINE.  T h i s  b l o c k  c o n s i s t s  of  a 
l o n g  c o a x i a l  c a b l e  t h a t  g i v e s  s u f f i c i e n t  s i g n a l  d e l a y  t o  compensate 
f o r  p r o p a g a t i o n  d e l a y  i n  t h e  t r i g g e r  c i r c u i t s .  A s  a r e s u l t ,  t h e  
l e a d i n g  edge  of  a f a s t  s i g n a l  a t  which  t r i g g e r i n g  o c c u r s  i s  c l e a r l y  
v i s i b l e  on t h e  s c r e e n .  The o u t p u t  s i g n a l  f rom t h e  DELAY LINE i s  
a p p l i e d  t o  t h e  FINAL Y AMPLIFIER u n i t .  This u n i t  c o n s i s t s  of  two 
b l o c k s  : 
- t h e  FINAL Y filPLIFIER f o r  d r i v i n g  t h e  v e r t i c a l  d e f l e c t i o n  sys tem of 

- t h e  TRACE SEPARATION AND TEXT CONTROL, which  f u n c t i o n s  as an  i n p u t  
t h e  c . r . t .  

s w i t c h  f o r  t h e  f i n a l  a m p l i f i e r .  Depending  on t h e  s e l e c t e d  d i s p l a y  
mode t h e  f o l l o w i n g  o c c u r s :  

MTB o r  DTB o n l y :  t h e  o u t p u t  s i g n a l  f rom t h e  DELAY L I N E  i s  d i r e c t l y  
c o n n e c t e d  t o  t h e  i n p u t  o f  t h e  FINAL Y AMPLIFIER. 
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A l t e r n a t e  t i m e  b a s e  mode: when s e l e c t e d ,  t h e  d i s p l a y e d  s i g n a l  must 
be  s h i f t e d  upwards t o  d i s p l a y  t h e  MTB, and downwards t o  d i s p l a y  DTB. 
The s h i f t  d i s t a n c e  i s  a d j u s t a b l e  wi th  t h e  f r o n t- p a n e l  TRACE SEP 
p o t e n t i o m e t e r .  A s i g n a l  from t h e  TRACE SEPARATION AND INTENSITY 
CONTROL b l o c k  i n d i c a t e s  whether t h e  ins t rument  i s  i n  t h e  ALT TB mode 
o r  n o t .  The CONTROL C I R C U I T  FOR SIGNAL UNIT d e l i v e r s  a s i g n a l  t o  
i n d i c a t e  i f  NTB (upwards s h i f t )  o r  DTB (downwards s h i f t )  i s  d i s p l a y e d .  
Text d i s p l a y  mode: i n  which t h e  s i g n a l  from t h e  DELAY LINE i s  no t  
used as an i n p u t  s i g n a l  f o r  t h e  f i n a l  Y a m p l i f i e r .  I n s t e a d ,  a 
d e f l e c t i o n  s i g n a l  i s  a p p l i e d  from t h e  t e x t  d i s p l a y  p a r t  of t h e  X / Z  
a m p l i f i e r  ( d i s c u s s e d  l a t e r ) .  The s e l e c t i o n  between t h e  two i n p u t  
s i g n a l s  i s  made by t h e  NORMAL/TEXT s i g n a l  from t h e  CRT TEXT U N I T .  

3 . 2 . 7 .  T i m e  b a s e  u n i t  

T h i s  u n i t  i n c o r p o r a t e s  t h e  main t ime- base (MTB), t h e  delayed t ime base  
u n i t  (DTB) and t h e  i n p u t  s e l e c t i o n  s w i t c h e s  f o r  t h e  FINAL X AMPLIFIER. 
A l l  f u n c t i o n s  are  c o n t r o l l e d  by t h e  c e n t r a l  mic roprocessor  v i a  t h e  
b l o c k  CONTROL C I R C U I T  FOR THE TIME-BASE. C e r t a i n  supply  v o l t a g e s  t h a t  
r e q u i r e  h i g h  degree  of accuracy  a r e  s t a b i l i s e d  by t h e  ADDITIONAL 
SUPPLY VOLTAGE STABILISATION. 

Main time b a s e  
The MTB may be s t a r t e d  by a t r i g g e r  p u l s e  apTl ied  t o  t h e  MTB 
FLIP-FLOP v i a  t h e  TRIGGER INPUT.  I f  t h e  MTB FLIP-FLOP swi tches  o v e r ,  
t h e  c u r r e n t  from t h e  MTB CURRENT SOURCE s t a r t s  t o  charge  a t iming 
c a p a c i t o r .  The sweep time depends  on t h e  c a p a c i t i v e  v a l u e ;  d i f f e r e n t  
s e l e c t e d  c a p a c i t o r s  are swi tched i n t o  t h e  MTB by t h e  CONTROL C I R C U I T .  
Thus,  a l i n e a r  sawtoo th  i s  g e n e r a t e d  a c r o s s  t h e  t iming  c a p a c i t o r ,  
which can be  used f o r  X- def lec t ion .  The end of t h e  sawtooth  i s  
d e t e c t e d  by t h e  TIME BASE END-OF-SWEEP FLIPFLOP, which then  a c t i v a t e s  
t h e  HOLD-OFF C I R C U I T .  This  c i r c u i t  s w i t c h e s  t h e  MTB FLIP-FLOP back so 
t h a t  t h e  MTB sweep i s  s topped .  The HOLD-OFF C I R C U I T  keeps t h e  MTB FLIP-  
FLOP i n  t h i s  p o s i t i o n  f o r  t h e  s e l e c t e d  hold- off t i m e  d u r i n g  which 
f u r t h e r  t r i g g e r  p u l s e s  have no e f f e c t . T h e  hold- off t ime i s  determined 
by t h e  CONTROL C I R C U I T .  The TRIGGER PULSE DETECTION b l o c k  e n a b l e s  a 
two-way communication w i t h  t h e  c e n t r a l  mic roprocessor  as f o l l o w s :  
- i t  s i g n a l s  t o  t h e  m i c r o p r o c e s s o r  when a t r i g g e r  pu l se  o c c u r s ,  
- i t  r e c e i v e s  a s i g n a l  from t h e  mic roprocessor  t o  i n s t r u c t  t h e  MTB 

The MTB GATE AND ALT PULSE C I R C U I T  b l o c k  c o n v e r t s  a s i g n a l  from t h e  
MTB i n t o  t h e  MTB GATE OUT p u l s e  ( h i g h  d u r i n g  MTB sweep); i t  a l s o  
p r o v i d e s  a n  ALTernate p u l s e  f o r  d i s p l a y  s w i t c h i n g  t o  t h e  CONTROL 

whether o r  no t  t o  work i n  t h e  AUTO ( f r e e- r u n )  mode. 

C I R C U I T  FOR THE SIGNAL U N I T *  

Delayed t ime- base 
The DTB FLIP-FLOP, DELAYED TIME-BASE, DTB CURRENT SOURCE and DTB GATE 
b l o c k s  f u n c t i o n  i n  t h e  same way as t h e i r  c o u n t e r p a r t s  f o r  t h e  MTB. 
However, some of t h e  DTB f u n c t i o n a l  b l o c k s  are simpler.  Of s p e c i a l  
i n t e r e s t  i s  t h e  way i n  which t h e  DTB i s  s t a r t e d .  The COMPERATOR b l o c k  
p l a y s  an impor tan t  r o l e  i n  t h i s .  The b l o c k  compares t h e  MTB sawtooth  
s i g n a l  w i t h  a d . c .  v o l t a g e  from t h e  CENTRAL PROCESSOR U N I T .  I f  t h e  
i n s t a n t a n e o u s  sawtooth  v o l t a g e  exceeds  t h e  d .c .  v o l t a g e ,  a s i g n a l  i s  
s e n t  t o  t h e  DTB FLIP-FLOP. Th i s  f l i p f l o p  e i t h e r  s tar t s  t h e  DTB 
i m m e d i a t e l y  ( i n  STARTS DTB mode) o r  s tar ts  i t  a f t e r  t h e  r e c e i p t  of a 
t r i g g e r  p u l s e  from t h e  TRIGGER INPUT ( i n  TRIG DTB mode). 
I n  t h e  COMPARATOR, two d i f f e r e n t  d a c e  v o l t a g e s  may be s e l e c t e d :  
- one f o r  DTB s t a r t  a f t e r  t h e  a d j u s t e d  DELAY TIME 
- t h e  o t h e r  f o r  DTB s t a r t  a f t e r  DELAY -I- d e l t a  t .  
The s e l e c t i o n  between t h e s e  two d o c -  v o l t a g e s  i s  achieved by a 
c o n t r o l  s i g n a l  from t h e  CONTROL C I R C U I T  FOR THE SIGNAL U N I T .  
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H o r i z o n t a l  d i s p l a y  mode s w i t c h i n g  
I n  t h i s  p a r t  of  t h e  t ime- base  u n i t  t h e  i n p u t  s i g n a l  f o r  t h e  FINAL X 
A M P L I F I E R  i s  s e l e c t e d .  The MTB/DTB/X-DEFL SWITCH AND TB MAGNIFIER 
b l o c k  e n a b l e s  s e l e c t i o n  between t h e  MTB s a w t o o t h ,  DTB s a w t o o t h  o r  
t h e  X- d e f l e c t i o n  s i g n a l  from t h e  MTB TRIGGER AMPLIFIER. The 
a m p l i f i c a t i o n  o f  t h i s  b l o c k  i s  i n c r e a s e d  by a f a c t o r  of t e n  i f  t h e  TB 
MA\GN f u n c t i o n  i s  s e l e c t e d .  The X P o s i t i o n  s h i f t  i s  a l s o  g e n e r a t e d  i n  
t h i s  b l o c k .  A l l  f u n c t i o n s  are c o n t r o l l e d  by t h e  CONTROL C I R C U I T  FOR 
T H E  TIME BASE.  The o u t p u t  s i g n a l  i s  a p p l i e d  t o  a second i n p u t  s w i t c h  
f o r  t h e  FINAL X AMPLIFIER. T h i s  s w i t c h  i s  c a l l e d  t h e  HORIZONTAL 
DISPLAY C O N T R O L .  T h i s  b l o c k  c o n n e c t s  t h e  s a w t o o t h  i n p u t  o f  t h e  FINAL 
X APlPLIFIER t o  e i t h e r  t h e  MTB sweep,  DTB sweep o r  X- d e f l e c t i o n  s i g n a l  
( d u r i n g  normal  s i g n a l  d i s p l a y ) ,  o r  t o  a d e f l e c t i o n  s i g n a l  from t h e  
t e x t  d i s p l a y  p a r t  of t h e  f i n a l  X / Z  a m p l i f i e r  u n i t  ( d i s c u s s e d  l a t e r )  
T h i s  s e l e c t i o n  i s  made by t h e  NOmlAL/TEXT s i g n a l  f rom t h e  CRT 
'TEXT UNIT.  

3 . 2 . 8 .  Text  p a r t  of  t h e  X / Z  a m p l i f i e r  

T h i s  p a r t  of t h e  c i r c u i t  i s  r e s p o n s i b l e  f o r  t h e  v e r t i c a l  and 
h o r i z o n t a l  d e f l e c t i o n  d u r i n g  t h e  c y c l e  i n  which t e x t  o r  c u r s o r s  a r e  
d i s p l a y e d .  The o u t p u t  of  t h e  Y DEFLECTION SELECTOR AND BUFFER STAGE 
b l o c k  p roduces  t h e  d e f l e c t i o n  v o l t a g e  f o r  t h e  Y- d e f l e c t i o n .  The o u t p u t  
o f  t h e  X DEFLECTION SELECTOR AND BUFFER STAGE b l o c k  p roduces  t h e  
X- d e f l e c t i o n  v o l t a g e .  Each s e l e c t o r  h a s  f i v e  i n p u t s ;  " t h e  s e l e c t e d  
i n p u t  t o  be connec ted  t o  t h e  o u t p u t  i s  d e t e r m i n e d  by t h e  a d d r e s s  
code coming from t h e  CRT TEXT UNIT.  Both s e l e c t o r s  r e c e i v e  t h e  same 
a d d r e s s  code  and se lec t  i d e n t i c a l  p o s i t i o n s .  
The f i v e  p o s s i b l e  s w i t c h  p o s i t i o n s  a r e :  

- P o s i t i o n  1: t h e  mode d u r i n g  which t e x t  i s  w r i t t e n  on t h e  c . r . t .  
s c r e e n .  The Y- d e f l e c t i o n  i s  d e r i v e d  from t h e  Y-SWEEP GENERATOR which  
p roduces  a r e l a t i v e l y  s low sawtoo th  ( s t a r t e d  by t h e  CRT TEXT UNIT). 
During t h e  s a w t o o t h ,  t h e  whole s c r e e n  c a n  b e  w r i t t e n .  The X- d e f l e c t i o n  
i s  d e r i v e d  from t h e  X-SWEEP GENERATOR which  p roduces  a number of f a s t  
s a w t o o t h  s i g n a l s  ( s t a r t e d  by t h e  CRT TEXT UNIT). Dur ing  o n e  
s a w t o o t h ,  one  h o r i z o n t a l  l i n e  i s  w r i t t e n .  

- P o s i t i o n  2 and 3: t h e  mode i n  which a p a i r  of v e r t i c a l  ( t i m e )  c u r s o r  
l i n e s  i s  w r i t t e n  on t h e  s c r e e n .  In p o s i t i o n  2 ,  one  X-sweep i s  
g e n e r a t e d  and a p p l i e d  t o  t h e  Y- d e f l e c t i o n .  The X- d e f l e c t i o n  receives a 
f i x e d  d . c .  v o l t a g e  (DC1). 
I n  P o s i t i o n  3 ,  a n o t h e r  X-sweep i s  g e n e r a t e d  and a g a i n  a p p l i e d  t o  t h e  Y- 
v o l t a g e .  The X- def l ec t ion  r e c e i v e s  a f i x e d  d . c .  v o l t a g e  (DC2). S i n c e  
D C 1  and D C 2  a r e  d i f f e r e n t  v o l t a g e s ,  a c o m p l e t e  c y c l e  r e s u l t s  i n  two 
v e r t i c a l  l i n e s  b e i n g  w r i t t e n  on t h e  s c r e e n .  The h o r i z o n t a l  d i s t a n c e  
be tween t h e  l i n e s  depends on t h e  v o l t a g e  d i f f e r e n c e  be tween D C l  and  
D C 2 .  

- P o s i t i o n  4 and 5: t h e  p o s i t i o n s  i n  which  a p a i r  of  h o r i z o n t a l  ( v o l t )  
c u r s o r  l i n e s  i s  w r i t t e n  on t h e  s c r e e n .  
I n  p o s i t i o n  4 ,  one  X-sweep i s  g e n e r a c e d  and a p p l i e d  t o  t h e  X- 
d e f l e c t i o n .  The Y- d e f l e c t i o n  r e c e i v e s  a f i x e d  d . c .  v o l t a g e  (DC1)- 
I n  p o s i t i o n  5 ,  a n o t h e r  x sweep i s  g e n e r a t e d  and a g a i n  a p p l i e d  t o  t h e  X- 
d e f l e c t i o n .  The Y d e f l e c t i o n  r e c e i v e s  a f i x e d  d . c .  v o l t a g e  (DC2)- 
S i n c e  D C 1  and D C 2  a re  d i f f e r e n t  v o l t a g e s ,  t h e  c o m p l e t e  c y c l e  r e s u l t s  
i n  two h o r i z o n t a l  l i n e s  b e i n g  w r i t t e n  on t h e  s c r e e n .  The v e r t i c a l  
d i s t a n c e  be tween t h e  l i n e s  depends  on t h e  v o l t a g e  d i f f e r e n c e  between 
D C 1  and D C 2 .  
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3 .2 .9 .  I n t e n s i t y  and f o c u s i n g  p a r t  of X / Z  a m p l i f i e r  

T h i s  p a r t  of t h e  b l o c k  d iagram d e t e r m i n e s  t h e  i n t e n s i t y  and f o c u s i n g  
of t h e  s p o t  on t h e  c . r . t .  s c r e e n .  The i n t e n s i t y  i s  c o n t r o l l e d  by 
e l e c t r o d e  G 1  of t h e  c . r . t .  E l e c t r o d e  G3 c o n t r o l s  t h e  f o c u s i n g .  S ince  
f o c u s i n g  and i n t e n s i t y  are  i n t e r - r e l a t e d ,  t h e  f o c u s i n g  of t h e  s p o t  has  
t o  be  independen t  of t h e  i n t e n s i t y .  
I n t e n s i t y  (and f o c u s i n g )  can  be de te rmined  e i t h e r  by t h e  t e x t  
g e n e r a t o r  p a r t  o r  d u r i n g  t h e  normal s i g n a l  d i s p l a y  by t h e  d i s p l a y  mode 
l o g i c .  The s e l e c t i o n  between t h e  two i s  made by t h e  NOh%L/TEXT SWITCH 
b l o c k  w i t h  t h e  NOF%AL/TEXT s i g n a l  from t h e  CRT TEXT UNIT. 
I n  t h e  t e x t  d i s p l a y  mode, t h e  i n t e n s i t y  (Z) s i g n a l  i s  d e r i v e d  from t h e  
CRT TEXT U N I T .  T h i s  s i g n a l  i s  a p p l i e d  t o  t h e  TEXT INTENSITY 
PREAMPLIFIER. The i n t e n s i t y  can b e  manual ly  a d j u s t e d  v i a  t h e  
READ-OUT INTENSITY p o t e n t i o m e t e r .  
I n  t h e  s i g n a l  d i s p l a y  mode, t h e  i n t e n s i t y  s i g n a l  i s  d e r i v e d  from t h e  
INTENSITY PRE-AYPLIFIER. T h i s  b l o c k  r e c e i v e s  t h e  f o l l o w i n g  i n t e n s i t y  
d e t e r m i n i n g  i n p u t  s i g n a l  : 
- a d i s p l a y  b l a n k i n g  s i g n a l  d u r i n g  swi tch- over  from one v e r t i c a l  
channe l  t o  a n o t h e r  i n  t h e  CHOP d i s p l a y  mode. Th i s  s i g n a l  o r i g i n a t e s  
from t h e  CONTROL C I R C U I T  FOR THE SIGNAL U N I T .  
- a s i g n a l  from t h e  Z- L O G I C  on t h e  TIME-BASE u n i t .  Th i s  s i g n a l  g i v e s  
a b lanked  d i s p l a y  d u r i n g  t h e  hold- off  pe r iod  of t h e  MTB and f l y b a c k  
of t h e  t r ace .  The d i s p l a y  i n t e n s i t y- c h a n g e s  i n  t h e  MTB i n t e n s i f i e d  
mode a r e  a l s o  de te rmined  by t h i s  s i g n a l .  
- an e x t e r n a l  s i g n a l  a p p l i e d  t o  t h e  Z-HOD i n p u t  s o c k e t  f o r  d e t e r m i n i n g  
t h e  i n t e n s i t y .  

The o u t p u t  s i g n a l  from t h e  NORMAL/TEXT SWITCH i s  s p l i t  between t h e  
FOCUS AMPLIFIER and t h e  I N T E N S I T Y  AMPLIFIER. The o u t p u t s  of b o t h  
a m p l i f i e r s  are  connec ted  t o  t h e  G3 and G 1  e l e c t r o d e s  of t h e  c . r . t .  
S i n c e  t h e s e  e l e c t r o d e s  a re  a t  a h i g h  n e g a t i v e  p o t e n t i a l ,  t h e  
a m p l i f i e r  o u t p u t s  are connec ted  v i a  h igh- vol tage  b lock ing  c a p a c i t o r s  
t o  t h e  c . r . t .  These a l l o w  o n l y  t h e  h igh- frequency components of t h e  
s i g n a l  t o  pass and b l o c k  t h e  low- frequency (LF) and d i r e c t - c u r r e n t  
(DC) components. For t h i s  r e a s o n ,  t h e  LF and DC components from t h e  
INTENSITY AMPLIFIER o u t p u t  a re  f i l t e r e d  ou t  and a p p l i e d  t o  a 
MODULATOR. T h i s  super imposes  t h e  LF and DC compo?ents on t o  a high-  
f r e q u e n c y  ca r r i e r  wave t o  a l l o w  them t o  be passed v i a  a h igh- vol tage  
b l o c k i n g  c a p a c i t o r .  Fo l lowing  t h e  c a p a c i t o r  ( a t  -3.4 kV l e v e l ) ,  t h e  
s i g n a l  i s  demodulated by an INTENSITY DEMODULATOR and a FOCUS 
DEMODULATOR. 
The o u t p u t  s i g n a l s  from t h e  demodula to r s  (LF+DC components) are  re- 
comined w i t h  t h e  HF components r e c e i v e d  v i a  t h e  b l o c k i n g  c a p a c i t o r s  t o  
g i v e  t h e  o r i g i n a l  s i g n a l s .  The Z s i g n a l  i s  a p p l i e d  t o  G 1  of t h e  
c . r . t .  and t h e  f o c u s  s i g n a l  t o  G 3 .  The f o c u s  s i g n a l  f o r  t h e  c . r . t .  
s p o t  i s  a l s o  i n f l u e n c e d  manua l ly  v i a  t h e  FOCUS CONTROL C I R C U I T .  

3.2.10. Power s u p p l i e s .  

Pr imary c o n v e r t e r .  
The mains i n p u t  v o l t a g e  i s  f i l t e r e d  and t h e n  a p p l i e d  t o  two 
i d e n t i c a l  b l o c k s ,  namely,  PRIMARY CONVERTER MAINS VOLTAGE TO 24 VDC.  
Two u n i t s  are  swi tched  i n  p a r a l l e l  i n  o r d e r  t o  o b t a i n  t h e  r e q u i r e d  
o u t p u t  power. The two o u t p u t  v o l t a g e s ,  e a c h  24  VDC,  are connected i n  
ser ies  t o  g i v e  4 8  VDC f o r  t h e  SECONDARY CONVERTER UNIT. The pr imary 
c o n v e r t e r s  cover  a l l  common mains v o l t a g e  r a n g e s  and o f f e r  t h e  
n e c e s s a r y  s e p a r a t i o n  r e q u i r e d  between t h e  mains v o l t a g e  and t h e  
o s c i l l o s c o p e  c i r c u i t s .  
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3.2.11 

Secondary c o n v e r t e r  
On t h i s  u n i t ,  t h e  FLYBACK CONVERTER g e n e r a t e s  t h e  n e c e s s a r y  supp ly  
v o l t a g e s  f o r  t h e  o s c i l l o s c o p e  c i r c u i t s .  These low- voltage s u p p l i e s  a r e  
s t a b i l i s e d  by a CONTROL C I R C U I T  t o  t h e  c o n v e r t e r .  The 
u n i t  a l s o  i n c o r p o r a t e s  t h e  LINE TRIGGER C I R C U I T .  Th i s  b lock  r e c e i v e s  
an i n p u t  s i g n a l  from t h e  MAINS FILTER and c o n v e r t s  t h i s  i n t o  a 50/60 
Hz sinewave of  c o n s t a n t  ampl i tude  by comparing i t  w i t h  a r e f e r e n c e  
v o l t a g e .  This  s i g n a l  i s  used f o r  MTB LINE t r i g g e r i n g .  The CONTROL 
C I R C U I T  b l o c k  a l s o  g e n e r a t e s  an alarm s i g n a l  f o r  t h e  CENTRAL 
PROCESSOR U N I T  to sa fequard  d a t a  i n  t h e  event  of mains switch- off o r  
f a i l u r e ,  when back-up b a t t e r i e s  a r e  f i t t e d .  The FAN CONTROL C I R C U I T  
moni to r s  t h e  t e m p e r a t u r e  i n s i d e  t h e  ins t rument  by means of a sensor  on 
t h e  MOTHER BOARD. I f  n e c e s s a r y  t h e  FAN speed i s  a u t o m a t i c a l l y  a d a p t e d ,  
depending on t h e  measured t e m p e r a t u r e .  

High v o l t a g e  c o n v e r t e r  
T h i s  u n i t  g e n e r a t e s  t h e  f 2 1  kV f o r  t h e  p o s t - a c c e l e r a t o r  anode of t h e  
c . r . t .  and t h e  - 3 , 4  k i l o v o l t  f o r  t h e  ca thode  c i r c u i t s . T h e  s u p p l y  
v o l t a g e  from t h e  secondary c o n v e r t e r  u n i t  i s  a p p l i e d  t o  a FLYBACK 
CONVERTER w i t h  a CONTROL C I R C U I T  f o r  o u t p u t  v o l t a g e  s t a b i l i s a t i o n .  The 
SUPPLY VOLTAGE SENSOR p r e v e n t s  t h e  FLYBACK CONVERTER from s t a r t i n g  i n  
t h e  c a s e  where t h e  supp ly  v o l t a g e  i s  too  low. The o u t p u t  a.c. v o l t a g e  
from t h e  c o n v e r t e r  i s  r e c t i f i e d  t o  g i v e  -3 ,4  kV and a r e c t i f i e d  ou tpu t  
i s  m u l t i p l i e d  t o  g i v e  f 2 1  kV. 

A u x i l i a r y  c i r c u i t s  on mother board 

Trace  r o t a t i o n  
T h i s  b l o c k  d e t e r m i n e s  t h e  s t r e n g t h  and s e n s e  of t h e  c u r r e n t  passed 
t o  t h e  t r a c e  r o t a t i o n  c o i l  around t h e  neck of t h e  c . r . t .  The t r a c e  
r o t a t i o n  c i r c u i t  i s  a d j u s t a b l e  by a f r o n t- p a n e l  sc rewdr ive r- opera ted  
TRACE ROT c o n t r o l .  

I l l u m i n a t i o n  c i r c u i t  
T h i s  b l o c k  d e t e r m i n e s  t h e  amount of c u r r e n t  passed t o  t h e  g r a t i c u l e  
i l l u m i n a t i o n  l a m p s  of t h e  c . r . t . ,  c o n t r o l l e d  by t h e  ILLIJM 
p o t e n t i o m e t e r  on t h e  f r o n t  pane l .  

Frequency d i v i d e r  and o u t p u t  a m p l i f i e r  
Th i s  b l o c k  d i v i d e s  t h e  3 MHz c l o c k  f requency  from t h e  c e n t r a l  
mic roprocessor  t o  a 2 KHz square-wave. Th i s  square-wave s i g n a l  i s  
a m p l i f i e d  and s t a b i l i s e d  t o  g i v e  a 1 V o u t p u t  on t h e  CAL v o l t a g e  
o u t p u t  s o c k e t .  
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e 7 C I R C U I T  D E S C R I P T I O N  OF CENTRAL PROCESSOR U K I T  AND HEF 4094 BLJS. 

The c e n t r a l  p r o c e s s o r  u n i t  (CPU) p r o v i d e s  m i c r o p r o c e s s o r  c o n t r o l  o f  
t h e  o s c i l l o s c o p e  f u n c t i o n s  and i s  g i v e n  on t h r e e  d i ag rams :  f i g  7 .3 .  
(CPUl) ,  f i g .  7 . 4 .  (CPU2) and f i g .  7 . 5 .  ( C P U ~ ) .  

7 . 1 .  C I R C U I T  D E S C R I P T I O N  OF CPU D I A G a P l  1. 
T h i s  d i ag ram b a s i c a l l y  c o n s i s t s  of  I C  D1601, a 8085 UP 
( m i c r o p r o c e s s o r )  
f u n c t i o n s ,  d e c o d i n g  l a t c h e s  f o r  t h e  a d d r e s s  and d a t a  b u s e s ,  and t h e  
watchdog c i r c u i t .  

Clock  s i g n a l s  
The 6 MHz c r y s t a l - c o n t r o l l e d  c l o c k ,  on D1601 p i n s  1 and 2 ,  p r o v i d e s  
t h e  t ime r e f e r e n c e  f o r  a l l  micro-computer  a c t i o n s .  It i s  i n t e r n a l l y  
d i v i d e d  t o  g i v e  a 3 MHz square-wave o u t p u t  (CLK) on p i n  37.  The 3 MHz 
C L K  s i g n a l  i s  f e d  t o  a d iv ide- by- 4096 c i r c u i t  D1646 t o  g i v e  a 732 Hz 
r e s t a r t  s i g n a l  (RST7,5) t o  m i c r o p r o c e s s o r  D1601 on p in  7 .  T h i s  low 
f r e q u e n c y  r e s t a r t  s i g n a l  i s  used t o  i n i t i a t e  v a r i o u s  program 
o p e r a t i o n s .  The 3 MHz CLK s i g n a l  i s  a l s o  r o u t e d  v i a  i n v e r t e r  D1621-6 
t o  p r o v i d e  an  e x t e r n a l  c l o c k  s i g n a l  EXCLK- t o  s y n c h r o n i s e  t h e  
i n t e r f a c e  bus  I E E E  c o n t r o l .  Via  i n v e r t e r  D1622-12, t h e  3 MHz CLK 
s i g n a l  a l s o  p r o v i d e s  a CALCLK s i g n a l  f o r  t h e  c a l i b r a t o r  on t h e  mother  
b o a r d .  

decode r  c i r c u i t s  f o r  v a r i o u s  r e l a t e d  r e a d- w r i t e  

Addres o u t p u t s  
The s i x t e e n  a d d r e s s  o u t p u t s  from D1601 a re  d i v i d e d  i n t o  two g roups .  
A d d r e s s e s  A0 t o  A7 are  decoded from e i g h t  a d d r e s s l d a t a  b i d i r e c t i o n a l  
l i n e s  ADO t o  AD7 b y  decod ing  l a t c h  D1603, c o n t r o l l e d  by t h e  a d d r e s s  
l a t c h  e n a b l e  s i g n a l  ALE; a d d r e s s e s  A 8  t o  A15 are  r o u t e d  d i r e c t l y  t o  
t h e  a d d r e s s  b u s .  The a d d r e s s  o u t p u t s  on t h e  bus  are b u f f e r e d  i n  D1618 
and D1619 t o  p r o v i d e  an e x t e r n a l  a d d r e s s  b u s ,  EXAO t o  EXA15, v i a  
c o n n e c t o r  X1603 f o r  t h e  CRT TEXT U N I T  and t h e  I E E E  u n i t .  

E a t a  I / O  l i n e s  
The e i g h t  b i d i r e c t i o n a l  r e a d / w r i t e  d a t a b u s  l i n e s  DO t o  D7 a re  decoded 
from t h e  e i g h t  a d d r e s s / d a t a  l i n e s  ADO t o  AD7 by decod ing  l a t c h  
D1602, c o n t r o l l e d  by t h e  RD- ( r e a d )  s i g n a l  and t h e  ENCPU- 
( e n a b l e  CPU) s i g n a l .  S i m i l a r l y ,  t h e  decod ing  l a t c h  D1617 decodes  t h e  
e i g h t  b i d i r e c t i o n a l  e x t e r n a l  d a t a b u s  l i n e s  EXDO t o  EXD7 f o r  t h e  CRT 
TEXT U N I T  and I E E E  u n i t  c o n t r o l l e d  by t h e  RD- and ENCPU- 
s i g n a l s .  

Commands f o r  CRT TEXT and I E E E  communicat ion 
I n  a d d r e s s  d e c o d e r  D1613, two a d d r e s s  l i n e s  A14, A15 are decoded ,  
e n a b l e  by t h e  I O / M  s i g n a l  from t h e  UP,  t o  g i v e  f o u r  o u t p u t  
c o m b i n a t i o n s :  
- The ENCPU- s i g n a l  i s  coming from NAND g a t e  D1621-3; i n v e r t e r  
D1622-10 p r o v i d e s  t h e  ENCPU s i g n a l .  I f  ENCPU- i s  low, t h e  combined 
a d d r e s s / d a t a b i t s  0 . . . 7  c a r r y  d a t a  f o r  t h e  d a t a b u s  of t h e  CPU. This 
d a t a  goes  v i a  l a t c h  D1602. I f  ENCPU i s  low, t h e  a d d r e s s / d a t a  b i t s  
0. ... 7 i s  a p p l i e d  t o  t h e  e x t e r n a l  d a t a b u s  f d r  C T U / I E E E  communicat ion 
v i a  l a t c h  D1617. 
- CEROM-, a c h i p  e n a b l e  s i g n a l  f o r  t h e  p r o g r a m  memory on CPU2. 
- Enab le  s i g n a l  a p p l i e d  t o  D1613/15 f o r  d e c o d i n g  a d d r e s s  l i n e s  A l l ,  

- Two c h i p  se lect  s i g n a l s  ENRAMO- and ENRAML- f o r  t h e  random- 

- An e n a b l e  s i g n a l  from p i n  10 f o r  two 3-8 d e c o d e r s  D1614 ( p i n  5 )  

A 1 2  t o  g i v e  a f u r t h e r  f o u r  o u t p u t  a m b i n a t i o n s  from D1613. 

access memories on cpu2.  

Dl616 ( p i n  5 )  p roduc ing  r e a d- w r i t e  c o n t r o l  s i g n a l s  f o r  u p - r e l a t e d  
f u n c t i o n s .  



Read d e c o d e r  D1614 r e a d s  t h e  i n p u t  s w i t c h e s  and p robe  i n d i c a t o r s  
u s i n g  t h e  t h r e e  a d d r e s s  i n p u t  l i n e s  A O ,  A 1  and  A 2 ,  a l s o  e n a b l e d  b y  
t h e  r e a d  RD s i g n a l .  One o u t  of  t h e  s i x  o u t p u t s  i n  u s e  i s  a c t i v a t e d  a t  
a t ime .These  a r e :  
-RDROW- f o r  r e a d i n g  row of i n p u t  s w i t c h e s  
-RDCOL- f o r  r e a d i n g  column of i n p u t  s w i t c h e s  
-RDPRO- f o r  d e t e c t i n g  t h e  p r o b e  0 t y p e  
-RDPR1- f o r  d e t e c t i n g  t h e  p r o b e  1 t y p e  ( n o t  used  i n  t h i s  i n s t r u m e n t )  
-RMEMO- f o r  e n a b l i n g  l a t c h  Dl609 which  r e a d s  d a t a  i n t o  t h e  d a t a  b u s  

-RMEM1- f o r  e n a b l i n g  l a t c h  Dl612 which  r e a d s  d a t a  i n t o  t h e  d a t a  b u s  
l i n e s  DO . . .  D 7  

l i n e s  D O .  .D3 

L a t c h  D1609/1 t a k e s  i n  t h e  kA and kV i n f o r m a t i o n  from t h e  i m p u l s e  
s w i t c h e s  on t h e  INTERMEDIATE U N I T  v i a  c o n n e c t o r  X1601 and a l s o  t h e  
COMP s i g n a l  from t h e  IEEE- unit  which s c a n s  t h e  p o s i t i o n  o f  all t h e  
p o t e n t i o m e t e r s .  
L a t c h  D1609/19 t a k e s  i n  t h e  i n p u t  p r o t e c t i o n  s i g n a l s  INPROTA and 
INPROTB from t h e  ATTENUATOR U N I T ,  which a re  a c t i v e  i f  t h e  50-ohm i n p u t  
exceeds  5 V.  
L a t c h  D1612/19 r e c e i v e s  t h e  READY- handshake  s i g n a l  from t h e  CRT TEXT 
U N I T  t o  c o n f i r m  a b l o c k  of  d a t a  h a s  been  t a k e n  i n ;  t h e  TBSI i n p u t  
s i g n a l  from t h e  TIME-BASE c o n f i r m s  t h a t  a t r i g g e r  p u l s e  o c c u r s  d u r i n g  
t h e  s w e e p .  In AUTO SET mode t h i s  i n f o r m a t i o n  i s  used  t o  r e a d  j u s t  t h e  
t ime  b a s e  s e t t i n g .  I n  t h e  o t h e r  t i m e  b a s e  modes t h e  i n f o r h a t i o n  
i n h i b i t s  t h e  f r e e  r u n  of  t h e  t i m e  b a s e .  
L a t c h  D 1 6 1 2 / 2  i s  a b u f f e r  f o r  communica t ing  w i t h  t h e  CRT TEXT 
U N I T  and I E E E .  The e x t e r n a l  commands a r e  EXRD-, EXWR-, EXIO/M-,  EXRES . 
The T X T I N T  s i g n a l  from t h e  TEXT INTENSITY POTENTIOMETER r o u t e d  
v i a  t h e  C P U  u n i t  t o  t h e  CRT TEXT U N I T .  It d e t e r m i n e s  t h e  READ OUT 
p o t e n t i o m e t e r  p o s i t i o n .  I n  t h e  OFF p o s i t i o n  i t  g i v e s  a no i n t e r r u p t  
s i g n a l  t o  t h e  t e x t  g e n e r a t o r  i n d i c a t i n g  t h a t  no d i s p l a y  t i m e  i s  needed  
f o r  t e x t  

Write d e c o d e r  D1616 i s  a l s o  a d d r e s s e d  by  i n p u t  l i n e s  AO,  A 1  and  
A 2 ,  and enab led  by t h e  w r i t e  WR- s i g n a l .  One o f  t h e  f i v e  o u t p u t s  i s  
a c t i v a t e d  a t  a t i m e  . These  a re :  
-WMEMO-, a c h i p  e n a b l e  s i g n a l  f o r  t h e  a d d r e s s a b l e  l a t c h  D1608. 
-WMEMl-, an e n a b l e  s i g n a l  f o r  t h e  LCD/LED l a t c h  on CPU3. 
-WMEM2-, an e n a b l e  s i g n a l  f o r  t h e  s w i t c h / p o t e n t i m e t e r  l a t c h  on CPU3. 
-WRLDAC-, an  e n a b l e  s i g n a l  f o r  t h e  l e a s t - s i g n i f i c a n t  b y t e  DAC on CPU2. 
-WRMDAC-, an  e n a b l e  s i g n a l  f o r  t h e  m o s t - s i g n i f i c a n t  b y t e  DAC on CPU2. 

The b i t  a d d r e s s a b l e  l a t c h  D1608 i s  a d d r e s s e d  by i n p u t  l i n e s  A 3 ,  A4 
and A5, and enab led  by  WMEMO- as s t a t e d .  When a d d r e s s e d ,  d a t a  s i g n a l  
DO i s  pu t  i n t o  one  o f  e i g h t  memory c e l l s  t o  g i v e  t h e  f o l l o w i n g  o u t p u t s :  
- SCL,  a s e r i a l  c l o c k  f o r  t h e  i n t e r n a l  HEF-bus. 
- POTSTR-, a s t r o b e  s i g n a l  f o r  d i g i t i s i n g  p o t e n t i o m e t e r  p o s i t i o n s  on 

- S/HO, S/Hl, sample  and h o l d  c o n t r o l  f o r  DACs  on CPU 2.  
- TRIGRES- ,  f o r  r e s e t t i n g  a f l i p - f l o p  on t h e  TIME-BASE. 
- TBSO- ,this s i g n a l  i s  made low and a p p l i e d  t o  t h e  time b a s e  u n i t  i n  

o r d e r  t o  b e  a b l e  t o  d e t e c t  a t r i g g e r  p u l s e  d u r i n g  t h e  sweep ( s e e  
a l s o  t ime b a s e  o u t p u t  s i g n a l  T B S I )  

t h e  INTERMEDIATE U N I T .  T h i s  happens  v i a  D1647/5 ,6  on CPU3. 

- WDOG-, main program l o o p  t r i g g e r  s i g n a l  t o  watchdog c i r c u i t .  
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The watchdog and power down c i r c u i t  
T h i s  c i r c u i t  e n s u r e s  t h a t  t h e  sys t em program i s  s w i t c h e d  o f f  under 
f a u l t  c o n d i t i o n s  and t h a t  memory c o n t e n t s  are  saved .  I f  t h e  sys tem i s  
o p e r a t i n g  c o r r e c t l y ,  p u l s e s  from t h e  main program l o o p  are r e c e i v e d  
f rom D1608-11 v i a  d i o d e  V1603 t o  g i v e  a low i n p u t  on p i n  10 of  t h e  
watchdog t r i g g e r  c i r c u i t  Dl621 (NAND g a t e  w i t h  a f e e d b a c k  l o o p ) .  The 
o u t p u t  on p i n  8 i s  t h e r e f o r e  h i g h  and c o n s e q u e n t l y  i n p u t  9 i s  h i g h .  
The l o g i c  h i g h  on p i n  8 b l o c k s  d i o d e  V1604. 
With t h e  power s u p p l y  o p e r a t i n g  c o r r e c t l y ,  t h e  AL- ( a l a r m )  s i g n a l  
v i a  S1602 i s  h i g h  and i s  pas sed  v i a  R1607 t o  keep  t h e  rese t  s i g n a l  
RES I N -  h i g h  ( c a p a c i t o r  (21603 c h a r g e d )  f o r  normal  on o r  r e s e t .  
T r a n s i s t o r  VL606 i s  c o n d u c t i n g  t h e n  i n  o r d e r  t o  keep  t h e  TRAP i n p u t  of  
t h e  UP low.  
T h i s  RES I N -  s i g n a l  becomes low unde r  f a u l t  c o n d i t i o n s :  
- A L-  i s  low i f  t h e  power s u p p l y  is o u t  of s p e c i f i c a t i o n  and (21603 

- A l t e r n a t i v e l y ,  i f  t h e  main program l o o p  i s  i n t e r r u p t e d ,  absence  of 
d i s c h a r g e s  t o  make RES I N -  l o w .  

t r i g g e r  p u l s e s  on Dl621-10 g i v e s  a low on o u t p u t  1621-8. 
C o n s e q u e n t l y ,  d i o d e  V1604 c o n d u c t s  and makes RES I N-  low. 

I n  s u c h  a f a u l t  c o n d i t i o n ,  t h e  l o g i c  low on t h e  reset  l i n e  i s  passed  
v i a  b a s e  r e s i s t o r  R1609 t o  c u t  o f f  t r a n s i s t o r  V1606. The 5 V c o l l e c t o r  
s u p p l y  t h e n  a c t i v a t e s  t h e  TRAP i n p u t  (D1601-6) o f  t h e  UP. I n  t h i s  way, 
when t h e  c o n t r o l  s w i t c h e s  o f f ,  t h e  memory c o n t e n t s  are saved .  On 
r e s t o r a t i o n  o f  power,  t h e  program i s  rese t .  
Dur ing  a s e r v i c e  r o u i n e ,  s w i t c h  S1601 i s  c l o s e d  and S1602 i s  open.  The 
e a r t h  on  S1601 k e e p s  i n p u t  Dl621-10 low,  c o n s e q u e n t l y  t h e  o u t p u t  ( 8 )  
i s  h i g h ,  which b l o c k s  d i o d e  V1604 and p r e v e n t s  any i n t e r u p t i o n  of t h e  
program. L i k e w i s e ,  w i t h  S1602 open,  t h e  +5 V s u p p l y  v i a  R1606 
m a i n t a i n s  t h e  r ese t  l i n e  h i g h  t o  g i v e  normal  sys t em o p e r a t i o n  d u r i n g  
t h e  s e r v i c e  r o u t i n e .  

7 . 2 .  C I R C U I T  DESCRIPTION OF CPU DIAGRAM 2 .  
T h i s  p a r t  o f  t h e  c i r c u i t  d i ag ram b a s i c a l l y  c o n s i s t s  o f  I C  D1631 a 2 
k b y t e  (RAY) random- access memory ( o p t i o n a l l y ,  a f u r t h e r  2 k b y t e  RAM, 
D1632),  a program memory D1633, s u p p l y  v o l t a g e  c o n t r o l  f o r  t h e  RAIY, 
and d i g i t a l - t o - a n a l o g  c o n v e r s i o n  f o r  t h e  d e l a y  v o l t a g e s ,  w i t h  i t s  
r e f e r e n c e  v o l t a g e  s t a b i l i s a t i o n  c i r c u i t  N1634. 

Random-acces memory 
The 2 k b y t e  RAY D1631 i s  used as a " s c r a t c h- p a d "  r e g i s t e r  f o r  t h e  
r e a d / w r i t e  d a t a  s i g n a l s  such  as s e t t i n g s  of  s w i t c h e s ,  c o n t r o l s  , e t c .  
The b i d i r e c t i o n a l  d a t a b u s  D O  t o  D 7  i s  c o n t r o l l e d  by a d d r e s s  l i n e s  
A 0  t o  A10, e n a b l e d  b y  c h i p  se lec t  i n p u t  G 3  and t h e  RD-/WR- (Read,  
W r i t e l i n p u t s .  O p t i o n a l l y ,  t h e  RAM memory can  be  ex tended  by an 
i d e n t i c a l  2 k b y t e  p l u g- i n  RAM, D1632. 

Supp ly  v o l t a g e  c o n t r o l  f o r  RAM 
The  c h i p  select  s i g n a l s  from c i r c u i t  d i ag ram CPU 1 f o r  t h e  RAM 
memories a r e  ENRAMO and ENRAlY1. 
I f  ENRAMO i s  a c t i v e  ( h i g h ) ,  t r a n s i s t o r  V1607 c o n d u c t s  and s w i t c h e s  t h e  
c h i p  s e l ec t  i n p u t  D1631-18 low. 
I f  ENRAPl1 i s  a c t i v e  ( h i g h ) ,  t r a n s i s t o r  V1608 c o n d u c t s  and s w i t c h e s  
t h e  c h i p  se lec t  i n p u t  D1632-18 low ( i f  memory o p t i o n  f i t t e d ) .  
T r a n s i s t o r s  V1616, V1617 are  no rma l ly  s w i t c h e d  o f f .  
The r e s t  o f  t h i s  c i r c u i t  c o n t r o l s  t h e  s w i t c h o v e r  a t  s u p p l y  f a i l u r e  t o  
t h e  i n t e r n a l  b a t t e r i e s  and p r e v e n t s  r e a d l w r i t e  of  FMPl c o n t e n t s  at  low 
s u p p l y  v o l t a g e s .  
When t h e  5 V s u p p l y  (+5D) i s  p r e s e n t ,  t h e  c u r r e n t  f l o w i n g  th rough  t h e  
z e n e r  r e f e r e n c e  d i o d e  V1612 s w i t c h e s  on t r a n s i s t o r  V1614 ( t o  ho ld  o f f  
V1616,  V1617) and  V1613, which i n  t u r n  s w i t c h e s  on t h e  series 
r e g u l a t o r  V1611 t o  a p p l y  +5D t o  t h e  VRAM o u t p u t .  
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When t h e  s u p p l y  d r o p s  below 4 v ( e . g .  i n  power down c o n d i t i o n ) ,  t h e  
c u r r e n t  th rough  t h e  Zener r e f e r e n c e  i s  i n s u f f i c i e n t  t o  m a i n t a i n  V1613, 
V1614 conduc t ing .  A s  a r e s u l t ,  ~ 1 6 1 1  a l s o  s w i t c h e s  o f f ,  and i f  a 
b a t t e r y  i s  i n s t a l l e d  i t  p rov ides  t h e  VRAM supp ly  v i a  d i o d e  V1609 which 
i s  now c o n d u c t i v e .  
With V1614 swi tched o f f ,  i t s  c o l l e c t o r  v o l t a g e  a p p l i e s  a l o g i c  h igh  
s i g n a l  t o  t h e  b a s e s  of  V1616, v1617. Thes t r a n s i s t o r s  conduct and 
i n h i b i t  t h e  ENRM40, ENRAM1 e n a b l e  s i g n a l s  so t h a t  t h e  RAMs cannot  be  
read  o r  w r i t t e n  a t  low supply  v o l t a g e s .  

Program memory 
The program memory D1633 i s  a read- only  memory (R0M)which h a s  more 
c a p a c i t y  t h a n  t h e  RAMs. It i s  addressed  by l i n e s  A0 t o  A 1 2  and 
c o n t r o l l e d  by t h e  RD- and CEROM- s i g n a l s  from c i r c u i t  d iagram CPU 1. 
For t h i s  i n s t r u m e n t  a p p l i c a t i o n ,  a c a p a c i t y  of  128 kby te  i s  i n t e r n a l l y  
s e l e c t e d  by s w i t c h  S1603. The read- only  d a t a  o u t p u t s  are DO t o  D7 and 
are  a p p l i e d  t o  t h e  d a t a b u s .  

D i g i t a l- t o- a n a l o g  convers ion  
D i g i t a l  i n f o r m a t i o n  from t h e  d a t a b u s  i s  c locked i n t o  t h e  b u f f e r s  
of  D1636 by WRLDAC- ( l e a s t - s i g n i f i c a n t  b y t e )  and i n t o  t h e  b u f f e r s  of  
D1637 by WRMDAC- ( m o s t- s i g n i f i c a n t  b y t e ) .  
Twelve d i f f e r e n t  b i t s  a r e  used t o  g i v e  t h e  f u l l  range of t h e  a n a l o g  
o u t p u t  on p in  1 of t h e  12- bi t  DAC N1639. 
The -VREF (-10 V )  on NlS39-17 i s  d e r i v e d  from a r e f e r e n c e  v o l t a g e  
s t a b i l i s e r  c i r c u i t ,  d e s c r i b e d  l a t e r .  
The c u r r e n t  on o u t p u t  Nl639-1, a d j u s t a b l e  i n  s t e p s ,  i s  a p p l i e d  t o  
i n p u t  p in  2 on o p e r a t i o n a l  a m p l i f i e r  N1644 which acts  as  a c u r r e n t -  
v o l t a g e  c o n v e r t e r .  A s  t h e s e  s t eps  a r e  c o a r s e ,  t h e  f o u r  l eas t -  
s i g n i f i c a n t  b i t s  of t h e  d i g i t a l  i n p u t s  a r e  used t o  feed i n  a small 
c u r r e n t  t h a t  can be  a d j u s t e d  t o  b r i d g e  t h e  s t e p s .  These f o u r  b i t s  
c o n t r o l  f o u r  g a t e s  D1638, which p rov ide  c u r r e n t  s o u r c e s  d e r i v e d  from 
t h e  +5 V r a i l  v i a  r e s i s t o r s  t o  p in  2 of o p e r a t i o n a l  a m p l i f i e r  N1641. 
The v o l t a g e  o u t p u t  on N1641-6 produces  a small c u r r e n t  v i a  R1646 which 
combines w i t h  t h e  s t e p  c u r r e n t  from t h e  DAC. 
The combined o u t p u t  c u r r e n t  from N1644-6 i s  a p p l i e d  t o  two samp le  and 
hold  g a t e s  K1642, N1643 (ana log  b u f f e r s ) ,  and as a DAC s i g n a l  t o  t h e  
CRT TEXT U N I T  f o r  CURSOR c o n t r o l  and t o  de te rmine  p o t e n t i o m e t e r  
p o s i t i o n s  on t h e  I E E E  u n i t .  A DAC feedback s i g n a l  i s  a l s o  a p p l i e d  t o  
t h e  N1639-18. 
The ana log  b u f f e r s  N1642, N1643 are used f o r  ho ld ing  t h e  i n s t a n t a n e o u s  
v a l u e s  f o r  s t a r t i n g  t h e  delayed t ime- bases .  
The ana log  s i g n a l  from t h e  DAC i s  c locked i n t o  t h e  sample and hold  
g a t e  by S/HO f o r  N1642 t o  g i v e  t h e  t ime- base DELAY v o l t a g e :  o u t p u t  
s i g n a l  ANO: 
The ana log  s i g n a l  from t h e  DAC i s  c locked i n t o  t h e  sample and hold  
g a t e  by S / H 1  f o r  N1643 t o  g i v e  t h e  t ime- base DELAY + d e l t a  t v o l t a g e :  
o u t p u t  s i g n a l  ANL.  

Reference  v o l t a g e  s t a b i l i s a t i o n  
The -10 V r e f e r e n c e  v o l t a g e  (-VREF) f o r  t h e  DAC c i r c u i t  i s  d e r i v e d  
from t h e  -13 V l i n e  a p p l i e d  v i a  R1654 t o  N1634. Part  of t h e  o u t p u t  on 
N1634-9 i s  fed  back v i a  t h e  s l i d e r  of p r e s e t  R1653 t o  t h e  o p e r a t i o n a l  
a m p l i f i e r  i n p u t  5 f o r  comparison.  
The s t a b i l i s e d  -VREF r e f e r e n c e  v o l t a g e  i s  rou ted  from N1634-6 t o  t h e  
DAC r e f e r e n c e  i n p u t  N1639-4. 

I 
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~ T h i s  p a r t  o f  c i r c u i t  d i ag ram b a s i c a l l y  c o n s i s t s  of  d a t a b u s  i n p u t  
c i r c u i t s  from s w i t c h  p o s i t i o n  r e a d e r  l a t c h e s  D1623, D1624, D1626, 
D1627, probe  i n p u t  d e t e c t o r  D1628, and d a t a b u s  o u t p u t  c i r c u i t s  f o r  L C D  
and L E D  o u t p u t  d e c o d i n g ,  HEF-bus o u t p u t s  and p o t e n t i o m e t e r  s t r o b e  
s i g n a l s .  

S w i t c h  p o s i t i o n  r e a d e r s  
The m i c r o p r o c e s s o r  s c a n s  t h e  s w i t c h  matr ix r e q u l a r l y  u s i n g  t h e  
l a t c h  e n a b l e  s i g n a l s  RDROW- t o  r e a d  rows and RDCOL-  t o  r e a d  columns.  
Two s t r o b e s  a r e  n e c e s s a r y  t o  r e a d  t h e  m a t r i x :  a row s t r o b e  and a 
column s t r o b e  t o  d e t e r m i n e  t h e  row-column i n t e r c o n n e c t i o n s  made b y  
o p e r a t e d  s w i t c h e s .  
W i t h  no  s w i t c h e s  d e p r e s s e d ,  t h e  rows and columns a re  l o g i c  h i g h  
t h r o u g h  p u l l- u p  r e s i s t o r s .  However, d u r i n g  t h e  row s t r o b e ,  t h e  columns 
a r e  l a t c h e d  t o  e a r t h  and an o p e r a t e d  s w i t c h  c o n n e c t s  a n  e a r t h  t o  i t s  
p a r t i c u l a r  row. 
S i m i l a r l y ,  d u r i n g  t h e  column s t r o b e ,  t h e  rows are l a t c h e d  t o  e a r t h  
and t h e  o p e r a t e d  s w i t c h  c o n n e c t s  a n  e a r t h  t o  i t s  p a r t i c u l a r  column. 
T h e  combined row and column d i g i t a l  s i g n a l s  s e n t  t o  t h e  d a t a b u s  g i v e  
t h e  " g r i d  r e f e r e n c e "  o f  t h e  p a r t i c u l a r  s w i t c h e s  t h a t  a re  o p e r a t e d .  The 
c i r c u i t  d e t a i l s  a r e  now g i v e n .  
When RDROW- i s  a c t i v e ,  l a t c h  D1623 a p p l i e s  e a r h t s  t o  a l l  t h e  columns;  
t h e  column p u l l- u p  r e s i s t o r s  a r e  p r o v i d e d  b y  r e s i s td r  a r r a y  R1614. 
L a t c h e s  n o t  a c t i v a t e d  D1626 r e a d  t h e  rows:  l o g i c  h i g h  i f  a l l  s w i t c h e s  
i n  a column are n o t  a c t i v a t e d ,  l o g i c  low i f  a n y  s w i t c h e s  i n  a column 
a r e  o p e r a t e d .  
When RDCOL-  i s  a c t i v e ,  l a t c h  D1627 a p p l i e s  e a r t h s  t o  a l l  t h e  rows; t h e  
row p u l l- u p  r e s i s t o r s  are  p rov ided  by r e s i s t o r  a r r a y  R1616. L a t c h e s  
D1624 r e a d  t h e  columns;  l o g i c  h i g h  i f  a l l  s w i t c h e s  i n  a column a r e  no t  
a c t i v a t e d ,  l o g i c  low i f  a n y  s w i t c h e s  i n  a column a r e  o p e r a t e d .  

Probe i n p u t  d e t e c t o r  
The s e n s i t i v i t y  of a p robe  connec ted  t o  t h e  A a n d / o r  B i n p u t  i s  
d e t e c t e d  by I C  D1628, c o n t r o l l e d  by  a r e a d  p r o b e  s i g n a l  RDPRO from t h e  
U P .  Two a n a l o g  i n p u t s  are p r o v i d e d ,  one  f o r  t h e  Y c h a n n e l  A s i g n a l  
i n p u t  and one  f o r  t h e  B s i g n a l  i n p u t .  A c u r r e n t  s o u r c e  i s  used  t o  
s e n s e  t h e  r e s i s t a n c e  ( i . e .  p robe  t y p e )  o f  a c o n n e c t e d  p robe .  Each 
probe  ( x l ,  x10, x100) h a s  a d i f f e r e n t  r e s i s t a n c e  v a l u e .  The a n a l o g  
v a l u e s  r e c e i v e d  a re  d i g i t i s e d  i n  D1628 and f e d  t o  t h e  d a t a b u s  t o  
c o n t r o l  t h e  o s c i l l o s c o p e  s e n s i t i v i t y  r ead- ou t  i n  t h e  LC- displays  o f  
c h a n n e l  A and B. 

L C D  and L E D  d e c o d e r s  
When t h e  W E X 1  s i g n a l  f rom CPU 1 i s  a c t i v e ,  l a t c h  D1604 c l o c k s  t h e  
e i g h t  d a t a b u s  b i t s  t o  two s e p a r a t e  ICs. 
Four i n p u t  d a t a  l i n e s  t o  Dl606 ( a  4 in- 16 o u t  c i r c u i t )  p roduce  seven 
L C D  and two LED d r i v e  o u t p u t s .  
Three i n p u t  d a t a  l i n e s  t o  D1647 ( a  TTL/CMOS l e v e l  a d a p t o r )  produce  t h e  
HEF-bus s i g n a l s  DATA, ENSCP and SERCLK. 
The POTSTR- i n p u t  from CPU 1 g i v e s  v i a  D1647/5 ,6  t h e  PSTRB- s i g n a l  f o r  
t h e  I n t e r m e d i a t e  u n i t .  

P o t e n t i o m e t e r / i m p u l s e  s w i t c h  s t r o b e  s i g n a l s  
When t h e  WMEM2- s i g n a l  f rom CPU 1 i s  a c t i v e ,  l a t c h  D1607 c l o c k s  t h e  
d a t a b u s  b i t s  t o  p r o v i d e  t h r e e  s t r o b e  s i g n a l s ,  SELDRO, SELDR1, SELDR2 
f o r  a d r e s s i n g  t h e  m u l t i p l e x e r s  t h a t  a re  s c a n n i n g  t h e  i m p u l s e  s w i t c h e s .  
A f t e r  l e v e l  a d a p t a t i o n  i n  ~ 1 6 1 1  (TTL t o  CMOS), f o u r  s t r o b e  S i g n a l s  
POTO, POT1, POTZ, POT3 are c l o c k e d  t o  d e t e r m i n e  t h e  p o t e n t i o m e t e r  
D o s i t i o n s  on t h e  INTERMEDIATE UNIT 
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7 . 4 .  DESCRIPTION OF HEF 4094 BUS. 

A s  s t a t e d ,  t h e  
g e n e r a t e d  from 
a d a p t o r  D1647. 

t h r e e  HEF-bus s i g n a l s  DATA, ENSCP and SERCLK a re  
t h e  d a t a b u s  of t h e  c e n t r a l  microcomputer v i a  l e v e l  
A s  seen  F i g .  7.1., t h e  DATA i s  a p p l i e d  s e r i a l l y  t o  

v a r i o u s  p r i n t e d - c i r c u i t  b o a r d s  of t h e  o s c i l l o s c o p e  v i a  HEF4094 s h i f t  
r e g i s t e r s .  Depending on t h e  amount of f u n c t i o n s  t h a t  need t o  be  
c o n t r o l l e d  one o r  more HEF4094 s h i f t  r e g i s t e r s  are  p r e s e n t  pe r  p.c.b.  
These  s h i f t  r e g i s t e r s  are  a l l  connected i n  series and a v e r y  long  
s h i f t  r e g i s t e r  i s  bu i ld- up  i n  t h i s  way. However, t h e  s e r i a l  c l o c k  
s i g n a l  SERCLK iind t h e  e n a b l e  scope p u l s e s  ENSCP a re  a p p l i e d  i n  
p a r a l l e l  t o  t h e  v a r i o u s  HEF I C ’ s .  
Data i s  v a l i d  on t h e  l e a d i n g  edges  of t h e  SERCLK p u l s e s  when t h e  ENSCP 
p u l s e s  are low. 
A s e r i a l  row of d a t a  b i t s  from t h e  c e n t r a l  microcomputer i s  fed t o  t h e  
row o f  HEF4094 8- s tage  s h i f t  r e g i s t e r s  t o  s w i t c h  t h e  v a r i o u s  f u n c t i o n s  
on t h e  p.c.b.’s. A d a t a  b u r s t  i s  fed  i n  u n t i l  a l l  t h e  s h i f t  r e g i s t e r s  
are f u l l  and t h e n  i t  i s  t r a n s f e r r e d  t o  t h e  o u t p u t  b u f f e r s  t o  a c t i v a t e  
t h e  board  f u n c t i o n s .  
L e v e l  a d a p t o r s  are  i n c o r p o r a t e d  i n  t h e  ADAPTATION U N I T  t o  conver t  t h e  
1 2  V CMOS l e v e l s  t o  5 V TTL and back.  
F i g u r e  7 .1 .  shows t h e  t iming  diagram of t h e  HEF-bus. When t h e  ENSCP 
s i g n a l  i s  i n h i b i t e d  ( h i g h )  d a t a  i s  t r a n s f e r r e d  and t h e  nex t  low s i g n a l  
e n a b l e s  a b u r s t  of new d a t a  t o  be  s h i f t e d  i n .  
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7.5 PARTS LIST 

I'n t h i s  s e c t i o n  o n l y  e l e c t r i c a l  p a r t s  p r e s e n t  on t h i s  u n i t  a re  l i s t e d .  
Mechanical  p a r t s ,  i n c l u d i n g  c a b l e s  and c o n n e c t o r s ,  are g iven  i n  
s e c t i o n  28. 

SUBJECT TO ALTERATION WITHOUT NOTICE 

7.5.1 CAPACITORS 

P O S N R  D E S C R I P T I O N  

C 1 6 0 1  C A P . S O L I D  A L U .  l O V  2 0 %  33UF 
C 1 6 0 2  C A P . S O L I D  A L U .  1 O V  2 0 %  331iF 
C 1 6 0 3  C A P . T A N T A L  1 6 V  2 0 %  6 . 8 U F  

C 1 6 0 4  C A F . C c . R A M I C  - 2 0 + 5 0 %  1 0 N F  
C 1 6  0 6  C A P .  C E R A f l I C  -20+50% 1 0 N F  
C 1 6 0 7  C A P . C E R A M I C  - 2 0 + 5 0 %  l C N F  

C 1 6 0 9  C A P . C E R A P l I C  2% l O O P i  
C 1608  C A P . C E R A M I C  - 2 0 + 5 0 %  ~ O N F  

C 1 6 1 1  
C 3 6 1 2  
C 1 6 1 3  
C 1 6 1 4  
C 1 6 1 6  

C 1 6 1 7  
C 1618 
C 1 6 1 9  
C 1 6 2 1  
C 1 6 2 2  

C A P .  C E R A M I C  
C A P .  C E R A M I C  
C A P .  C E R A F I I C  
C A P .  T A I i T A L  
C A P .  T A I I T A L  

C A P .  c m m I c  
C A P .  C E R A M I C  
C A P .  C E R A M I C  
C A P .  FOT L 
C A P .  C E R A N I C  

- 2 0 + 5 0 X 
- 2 0 + 5 0 %  
- 2 0 + 5 0 %  

1 6 V  2 0 %  
16V 2 0 %  

- 2 0 + 5 0 %  
-20+50% 
-20t50X 

6 3 V  i% 
- - 2 2 + 5 G X  

7.5.2 INTEGEUTED CIRCUITS 

D 1 6 0 1  1 N T E G R . C I R C U I T  P 8 1 S 5 A H  INT 
D 1 6 0 2  1 N T E S R . C I R C U I T  P C 7 4 t l C T 2 4 5 P  PEL 
D 1 6 0 3  I t ~ ~ i E G R . C i F i l . ! . l I T  P C 7 4 i i C T Y 1 3 P  F E L  
D li ' 4  I I I T E G R .  C I F C I J I T  P C 7 4 i i C T 3 7 4 P  P E L  
D 1 6 , . 5  1 N T E G R . C I E C U I T  i - iEF40288F PEL 

D 1 6 0 7  
D 1 6 0 8  
D 1 6 0 9  
D 1 6 1 1  
D 1 6 1 2  

D 1 6 1 3  
D 1 6 1 4  
D 1 6 1 6  
D 1 6 1 7  
D 1 6 1 8  

D 1 6 i 9  
D 1 6 2 1  
D 1 6 2 2  
D 1 6 2 3  
D 1 6 2 4  
D 1 6 2 6  
D 1 6 2 7  
D 1 6 3 1  
D 1 6 3 3  
D 1 6 3 6  

D 1 6 3 7  
D 1 6 3 8  
D 1 6 4 6  
D 1 6 4 7  

I N T E G R . C I F ? C I I J T  
I N T E G R . C I R C C 1  
I N T L G R .  C I C C i J I x  r 
1 N T E G R . C T R C U I T  
I b 4 T E G R . C I k L U I T  

1 N T E G R . C I R C U I T  
I N T E C R ,  C I R C U I T  
I N i E C- R . C I P ,3 il I T 
1 N T E G R . C I R C U I T  
I N T E O X . C I B C U 1  T 

I N T F G R .  C I R C L T T  
I N T  EG:!. C I R C U I T  
I N T E G R .  C I R C O I  T 
I N T E G a .  C I P C t J I T  
I N T E G K .  C I R C U I T  
I N T E G R .  C I R C U I T  
1 N T E G R . C I R C U I T  
1 N T E G R . C I K C U I T  

1 N T E G K . C I R C U I T  

1 N T E G Z . C I R C U P T  
1 N T E G R . C I R C U I T  
1 N T E G R . C I R C U I T  
I N T E G R .  C I R C U I T  

I.C. por i  

P c 3 4 ! 4 c 'r 3 7 4 P F: E L 
P C 7 4 H C P 2 5 9 P  P E L  
t' C 7 4 W C T 2 4 4 P i' E C 
H E F 4 1 0 4 D F  P E L  
P C 7 4 l i C T 2 4 4 P  PEL  

P C 7 4 i i C T 1 3 9 P  P E L  
P C 7 4 i ! C T 1 3 2 P  PEL 
P C ~ ~ i ; I I C T 1 3 6 P  P E L  
p C T 4 [ i C T > Q 5 p  ;'EL 
p c7 4 ii CT 2 4 4 P P E t 

~ c 7  4 tic'r 2 4 4  P P E L  
P 1 7  4lHCT I3 2 P  F EL 
P C 7 4 H C T 0 4 P  PEL 
P C 7 4 H C T 2 4 4 P  P E L  
P : 7 4 H c P 2 4 4 P  PEL 
P C ~ ~ W C T Z ~ ~ P  P E L  
P C 7 4 H C T 2 4 4 P  P E L  
U F D 4 4  6 D-2 H E C  
D 2 7 1 2 8 - 3 - P R O S  
P C 7  4 t i C T 3  74P P E L  

PC74!+CT;74P P E L  
f iEFc i066BP P E L  
H E ' F 4 @ 4 O B ?  PEL 
t i E F 4 1 0 4 8 P  P E L  

O R D E R I N G  C O D E  

4 8 2 2  1 2 4  2 0 9 6 5  
4 3 2 2  7 2 4  2 0 9 4 5  
5322 1 2 4  1 4 0 6 9  

4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  122 3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
4 6 2 2  122  31315 

4 8 2 2  122  3 1 4 1 4  
4 5 2 2  122  3 1 4 1 4  
4 2 2 2  ! 2 2  31G14  
5 3 2 2  1 2 4  1 4 C 6 9  
5 3 2 2  1 2 4  1 4 0 6 9  

4822  !22 3 1 4 1 4  
4 3 2 2  1 2 2  3 1 C 1 4  
4 3 2 2  1 2 2  31114 
5 3 2 2  1 2 1  5 4 1 5 4  
4 6 2 2  122  3 1 G l c t  

5 3 2 2  2 0 9  5 0 0 3 2  
5 3 2 2  2 0 9  1 1 3 1 7  
53?2 2 0 9  11118 
5 3 2 2  2 0 9  1 1 1 1 9  
4 8 2 2  2 0 5  1 0 3 0 1  

5 3 2 2  2C9 1 1 1 1 9  
5 3 2 2  2 0 9  11115 
5 3 2 2  2 0 9  1 1 1 1 6  
4 8 2 2  2 0 9  1 0 2 7 3  
5 3 2 2  2 0 9  1 1 1 1 6  

5 3 2 2  2 0 9  11112 
5 3 2 2  2 0 9  11111 

5 3 2 2  2 0 9  1 1 1 1 7  
5322  2 0 9  1 1 1 1 6  

5 3 2 2  2 3 3  11111 

5 3 2 2  2 0 9  1 1 1 1 6  
4 8 2 2  2 0 9  8 3 0 4 4  
4 8 2 2  2 0 9  8 2 3 4 1  

5322 2 0 9  11116 
5322  2 0 9  1 1 1 1 6  
5 3 2 2  20'3 11115 
5322  2 0 9  8 1 8 5 9  
5 3 2 2  2 0 9  505G2 
5322  2 0 9  1 1 1 1 9  

5322 209  1 1 1 1 9  
5322  2 0 9  1 4 1 0 4  
5 3 2 2  2 U 9  1 4 2 6 9  
4 S 2 2  2 0 9  1 0 2 7 3  

5 3 2 2  2 0 9  11116 
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N 1674  I N T E G R . C I R 2 U I T  118723CN SIC 

N 1 6 4 2  1 N T E G R . C I R C U I T  HE5337N SIG 
N 1 6 4 3  1 N T E G K . C I R C U I T  NE5537N S I C ;  

N 1639  1 N T L G R . C I R G U I T  AD754 lJN AND 
N 1 6 4 1  1 N T E G R . C I R t U I T  UA7'.1Ch' S I G  

N 1 6 4 4  I I i T E G E . C I R C U , T  I ' A 7 4 1 C N  S I G  

5 3 2 2  209  8 5 8 8 9  
5 3 2 2  2 0 9  8 6 2 4 5  
5 3 2 2  2 0 9  8 3 2 6 7  
5 3 2 2  209  8 1 7 2 9  
5 3 2 2  2 0 9  8 1 7 2 9  

5 3 2 2  2 0 9  8 3 2 6 7  

7.5 .3  RESISTORS 
R 1 6 0 1  E t S . I l E T A L  F I L F l  FIR25 1% 1 0 K  
R 1 6 0 2  R E 5 . P t E T A L  FIL.!A NR2.5 1% 1 O K  
R 1 6 0 3  R E S . P i E T A L  FYL?!  MR25 1% 100;: 

4822  
4 3 2 2  
4 8 2 2  

5 3 2 2  
5 3 2 2  
4 3 2 2  
5 3 2 2  
5 3 2 2  

5 3 2 2  

1 1 6  5 1 2 5 3  
116  5 1 2 5 3  
1 1 6  5 1 2 6 8  

115 5 5 3 6 7  
1 1 6  5 5 3 5 7  
1 1 6  5 1 2 3 5  
116  5 5 3 5 7  
1 1 6  5 0 4 5 1  

1 1 6  5 5 3 6 7  

R 1 6 0 4  
R 1 6 0 6  
R 1607  
R 1 6 C S  
R 1 6 0 9  

R 1611 
F: 1 6 1 2  
R 1 6 1 3  
R 1616  
R 1 6 1 6  

5 3 2 2  111 9 0 3 7 3  
5 3 2 2  111 9 0 4 7 3  
5 3 2 2  lli 90473  
5 3 2 2  111 9 0 4 7 3  

4 8 2 2  116  5 1 2 3 5  
4 8 2 2  1 1 6  5 1 2 3 5  
4 8 2 2  1 1 6  5 1 2 3 5  
4 8 2 2  116 5 1 2 3 5  
5 3 2 2  1 1 5  5 5 3 6 7  

5 3 2 2  1 1 6  5 5 i 6 7  
5 3 2 2  1 1 6  5 5 3 6 7  
5 3 2 2  1 1 6  5 5 3 6 7  
5 3 2 2  1 1 6  5 5 3 6 7  
5 3 2 2  116  5 5 3 6 7  

5 3 2 2  116  5 5 5 4 9  
5 3 2 2  1 1 6  5 3 5 6 1  
5 3 2 2  116  5 6 5 1 1  
5 3 2 2  116  5 4 5 1 1  
4 8 2 2  1 1 6  5 1 2 5 3  

4 5 2 2  116  5 1 2 5 3  
5 3 2 2  116  5 4 5 1 1  
5 3 2 2  1 1 6  5 4 5 1 1  
5322  116  5 4 6 5 5  
5 3 2 2  1 1 6  5 5 4 5 9  

R 1617  
R 1613 
R I. 6 J. 9 
R 1 6 2 1  
R 16>22 

R 1 6 2 3  
E 1624  
R 1 6 2 6  
R 1 6 2 7  
R 1628  

R 1529  
R 1 6 3 1  
R 1 6 3 2  
R 1 6 3 3  
R 1634  

m 2 5  1% 316E 
F I R 2 5  1% 1 C K  

R 1 6 3 5  R E S . N E T A L  F I L l l  HY25 1% 316E 
R 1 6 3 9  XES.MFTA;.  F I L M  KF35 1% 3 0 K 1  
R 1 6 4 1  RES.PIETAL FILM E k i 5  1% 1 5 x 4  

R 1642  
ii J 5 + 3  m 1 6 4 4  
R 1 6 G 6  
R 1647  

R 1643  
R 1649  
R 1 6 5 1  
R 1 6 5 2  
R 1 6 5 3  

R 1554  
R 1 6 5 6  
R 1657  
R 1658  
R 1559  

R 1 4 6 1  
R 1662  

R E S . r S E T A L  F I L M  
K r S . r i E T C , L  f l L P l  
RES. I iET;L  F I L M  
R F S . H I - T E N S I O N  
R E S . I l E T A L  F I L M  

R E S . M E T 4 L  F I L M  
R C S . P i E T A L  FILF'i 
R E S . P l E T A L  F J L M  
R E S . K : E T A L  f I L M  
PUTI.1. T R I r i P I E R  

R E S . M E T A L  F I L M  
R E S . M E T A L  F I L t l  
R E S . f : E T A L  F I L M  
R E S . M E T A L  F I L M  
R E S . E i E T A L  F I L i . 1  

R E S  .HE r I 1  F i  LCI 
R E S . M E T A L  FILS1 

5 3 2 2  1 1 6  5 4 6 0 8  
5 3 2 2  1 1 6  5 4 5 8 9  
4 8 2 2  116  5 1 2 3 6  
4 8 2 2  1 1 0  42216  
5 3 2 2  1 1 6  5 5 3 6 7  

5 3 2 2  
5 3 2 2  
5 3 2 2  
5 3 2 2  
5 3 2 2  

5 3 2 2  

116  5 5 3 6 7  
1 1 6  5 5 4 2 6  
1 1 6  5 0 4 5 1  

1% 6 K 1 9  
1% 2 1 x 5  
1% 3 K l 6  1 1 6  5 0 5 7 9  

1 0 1  1 4 0 6 6  

1 1 6  5 5 2 7 4  

20% l 0 K  

1% 215E 
1% 1 K  4 8 2 2  

5 3 2 2  
5 3 2 2  

1 1 6  5 1 2 3 5  
1 1 6  5 5 5 4 9  
116  50417  

1% l O O E  
1% 1 6 2 E  
1% 16ZE 5 3 2 2  116  5 0 4 1 7  

1 1 6  5 4 5 5 7  
1 1 0  5 1 2 3 3  

5 3 2 2  
4 8 2 2  

1% 1 K 2 1  
1% 581E 

7 . 5 . 4  SEMI CONDUCTORS 

V 1 6 0 1  D I O D E  
V 16C2 CXODE 
V 1403  D I O D E  

EA!.:C. 2 P E L  
Ei A li 5 2 P E L  
B A T 8 5  P E L  

4 6 2 2  130 3 0 6 1 3  
4 8 2 2  1 3 0  3 0 6 1 3  
4 5 2 2  1 3 0  3 1 9 8 3  
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V l a 0 4  D I O D E  R A T 8 5  P E L  
V 1606 T R A N S I S T O R  BC548B P E L  
V 1607 Y R A N S I S T D ?  6 5 x 2 0  P E L  
V 1608 T R 4 N S I S T U R  B 5 X 2 0  P E L  
V 1609 D I O D E  BA!J52 P E L  

V 1611 T R A N S I S T O R  BC552B P E L  
V 1612 D I O D E  BZX79-C3V9 P E L  
V 1613 T R 4 I J S I S T O R  EC5:, 2s P E L  
V 1614 T R A N S I S T O ! ?  B C 5 ( i Z B  P E L  
V 1616 T R A N S I S T O R  B C 5 4 8 B  r E L  

V 1617 T R A W S I S T 0 4  %C5C8!3 P E L  
V 1518 DIODEPREFERENCE B Z X 7 4 - C 5 V 1  P E L  

7.5.5 MISCELLANEOUS 
S 1501 PLUGPADAPTLR B L U E  
s 1 6 0 2  P L U G , A D < l F T E R  B L U E  
S 1603 P L U G P A D A P T E R  B L U E  

G 1 6 0 1  C R Y S T A L  5000,OOCKH.Z 

4822 130 31963 
' t822 1 3 0  40937 
4822 130 41705 
4 0 2 2  130 41705 
4 8 2 2  130 30513 

4 8 2 2  130 44197 
4 8 2 2  130 31981 
4 8 2 2  l30 4 0 3 3 7  
4 8 2 2  130 4 0 9 3 7  
4822 130 40937 

4822 13Q 40937 
4 8 2 2  1 3 0  3 4 2 3 3  

5322 263 50107 
5322 263 50107 
5322 263 50107 

4 3 2 2  242 70392 



- 

8-1 

The C R T  t e x t  u n i t  p r o v i d e s  S e p a r a t e  m i c r o p r o c e s s o r  c o n t r o l  of t h e  
a lphanumeric  t e x t  t h a t  a p p e a r s  on t h e  s c r e e n  r e a d- o u t ,  t h e  c i r c u i t s  
be ing  l o c a t e d  on t h e  c i r c u i t  d iagrams CRT t e x t  1 and CRT t e x t  2 .  

8 . 1 .  C I R C U I T  D E S C R I P T I O N  OF DIAGRAM (See f i g . 8 . 2 . )  

T h i s  diagram b a s i c a l l y  c o n s i s t s  of I C  D8201, a 8085 m i c r o p r o c e s s o r ,  
i d e n t i c a l  t o  t h e  c e n t r a l  UP ,  a n  8155 random-access memory, 
programmable i n p u t ,  o u t p u t  p o r t / l 4  b i t  c o u n t e r  combina t ion ,  D8202, a 
Droeram memory (PROM) D8204, i n p u t  d a t a  l a t c h e s  D8206, D8207, D8208, a 
L "  

l a t c h  w r i t e  decoder  c i r c u i t  w i t h  D8213, D8214 and a l a t c h  read decoder  
c i r c u i t  w i t h  D8212. 

Text mic roprocessor  
The t e x t  mic roprocessor  D8201 i s  i d e n t i c a l  t o  t h e  c e n t r a l  
mic roprocessor  and o p e r a t e s  as d e s c r i b e d  f o r  t h e  CPU U N I T .  The 1 6  
a d d r e s s  l i n e s  a r e  a l s o  d i v i d e d  i n t o  two g roups ;  a d d r e s s  l i n e s  A0 t o  A 7  
a r e  decoded from e i g h t  a d d r e s s l d a t a  b i d i r e c t i o n a l  l i n e s  ADO t o  AD7 by 
decoding l a t c h  D8203, c o n t r o l l e d  by ALE ( a d r e s  l a t c h  e n a b l e ) .  
The 6 MHz c l o c k  i s  i n t e r n a l l y  d i v i d e d  t o  produce a 3 MHz s i g n a l  (CLK1) 
on D8201-37. Th i s  i s  f u r t h e r  d i v i d e d  i n  7- bi t  c o u n t e r  D8209 t o  g i v e  a 
23.4375 kHz TIME I N  s i g n a l  (CLK2) t o  RAM D8202. 

Random a c c e s s  memory/input,  o u t p u t p o r t / l 4  b i t  c o u n t e r .  
D8202 f u r t h e r  d i v i d e s  t h e  CLK2 i n p u t  D8202-3 by two t o  g i v e  a TIME OUT 
14- bi t  c o u n t e r  o u t p u t  on D8202-6, which i s  i n v e r t e d  by D8211/3 t o  form 
t h e  RST6.5 s i g n a l .  
The b i d i r e c t i o n a l  address -da tabus  e n a b l e s  CRT t e x t  i n f o r m a t i o n  
t o  be read  and w r i t t e n  i n t o  t h e  RAM, c o n t r o l l e d  by RD- and 'WR- 
s i g n a l s .  The RAM i s  enab led  by a d d r e s s  l i n e s  A14, A15 v i a  t h e  NAND 
g a t e  D8211-6. 
D8202 produces  t h e  f o l l o w i n g  s i g n a l s :  
- SELO,  S E L 1 ,  SEL2 f o r  m u l t i p l e x e r s  on t h e  X / Z  AMPLIFIER. Only two 

t e x t  s e n t e n c e s  are  normal ly  needed a t  a t i m e ,  excep t  f o r  s e r v i c e  
mode o r  warnings  where t h e  f u l l  s c r e e n  i s  w r i t t e n  on. 

- DSPL- t o  s t a r t  t e x t  t ime- bases  ( o n  CRT t e x t  d iagram 2 ) .  
- MULT-: t h i s  s i g n a l  i s  a p p l i e d  t o  t h e  reset  i n p u t  of f l i p f l o p  D8221 

on diagram 2 .  I f  t h e  s i g n a l  i s  low,  t h e  t ex t  u n i t  works i n  
m u l t i t r a c e  mode: s e v e r a l  X-sweeps ( l i n e s )  are  g e n e r a t e d .  Th i s  i s  
n e c e s s a r y  t o  write t ex t .  I f  t h e  s i g n a l  i s  h i g h ,  o n l y  two X-sweeps 
a r e  g e n e r a t e d .  These sweeps are  used t o  w r i t e  two c u r s o r  l i n e s .  

- BLANK:  t h i s  s i g n a l  i s  a p p l i e d  t o  one i n p u t  of nand- gate  D8228/8, 
9 ,  10. If t h e  s i g n a l  i s  low t h e  d i s p l a y  i s  b l a n k e d .  Th i s  happens  
d u r i n g  swi tching- over  between t ex t  and s i g n a l  d i s p l a y .  

- SELPG: t h i s  "select  page" s i g n a l  i s  used t o  select  two pages i n  
t h e  video-RAM D8237. Th i s  s i g n a l  i s  normal ly  h i g h :  as a r e s u l t  
page 1 i s  s e l e c t e d .  Page 0 (SELPG low) i s  normal ly  n o t  used .  

The t e x t  i n t e n s i t y  s i g n a l  TXT I N T  from t h e  CPU i s  r o u t e d  t o  an i n p u t  
Por t  o f  D8202 v i a  t r a n s i s t o r  V8223 t o  g i v e  a TXT OFF s i g n a l  when t h e  
TXT INT i n p u t  i s  low. 

Program memory 
The e r a s a b l e  PROM D8204 i s  a program read- only  memory s e r v e d  by 
a d d r e s s  l i n e s  A0 t o  A l ,  and c o n t r o l l e d  by  t h e  RD- s i g n a l  when 
t h e  c h i p  e n a b l e  s i g n a l  CEROM- i s  a c t i v e .  
The memory c a p a c i t y  i s  preset f o r  64 k b y t e  by s w i t c h  S8201. 

l -  

C I R C U I T  DESCRIPTION OF CRT TEXT U N I T .  
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I n p u t  d a t a  l a t c h e s  
I n p u t  d a t a  from t h e  CPU c e n t r a l  mic roprocessor  i s  r e c e i v e d  on l i n e s  
EXDO t o  EXD7.  
These i n p u t  d a t a  l i n e s  p r o v i d e  t h e  i n p u t s  t o  t h e  t h r e e  l a t c h e s  D8206, 
D8207, D8208. 
Each 8- b i t  l a t c h  can  b e  w r i t t e n  i n t o  by t h e  c e n t r a l  UP under  
t h e  c o n t r o l  of i t s  own w r i t e  e n a b l e  s i g n a l ,  WPO-, WPI-, o r  WP2-, 
g e n e r a t e d  by t h e  l a t c h  w r i t e  decoders  D8213, D8214. 
Each 8- b i t  l a t c h  c a n  b e  read  t o  t h e  CRT TEXT U N I T  under t h e  c o n t r o l  of  
i t s  own read  e n a b l e  s i g n a l ,  RDCPUO-,  RDCPUL- o r  RDCPU2-, g e n e r a t e d  by 
t h e  l a t c h  r e a d  d e c o d e r  D8212. 

L a t c h  w r i t e  d e c o d e r  
The l a t c h  w r i t e  d e c o d e r  u s e s  t h e  CPU s i g n a l s  EXA14, EXA15, E X I O / M ,  
EXALL, E X A 1 2 ,  EXWR-, EXAO and E X A l  t o  a d d r e s s  t h e  CRT TEXT U N I T .  
These s i g n a l s  a r e  a p p l i e d  t o  t h e  D8213 and D8214 d e c o d e r s  i n  cascade  
t o  make one of t h r e e  w r i t e  s i g n a l s  a c t i v e ,  WPO-, WPL- o r  WP2-, one 
f o r  each l a t c h .  
When t h e  l a s t  l a t c h ,  D8208, i s  f i l l e d ,  WP2- g o e s  h i g h  and g i v e s  a h i g h  
i n p u t  t o  NAND g a t e s  D 8 2 1 1  (wired as a s e t l r e s e t  f l i p - f l o p )  t o  g i v e  a 
READY- s i g n a l  t o  t h e  i n p u t  p o r t  of  D8202, D8202-39, t o  s a y  t h a t  d a t a  
i s  r e a d y  t o  b e  t a k e n  i n ,  and a l s o  t o  t h e  c e n t r a l  mic roprocessor  on t h e  
CPU U N I T .  

L a t c h  r e a d  d e c o d e r s  
The l a t c h  r e a d  d e c o d e r  u s e s  a d d r e s s e s  g e n e r a t e d  by t h e  t ex t  
m i c r o p r o c e s s o r  t o  r e a d  t h e  l a t c h e s .  
Addresses  A14, A15 c o n t r o l l e d  by t h e  I O / M  s i g n a l  p r o v i d e  i n p u t s  f o r  
D8212 t o  g e n e r a t e  t h e  c h i p  e n a b l e  s i g n a l  CEROM- f o r  t h e  program memory 
i n p u t  D8204-20. Output  D8212-6 i s  fed t o  NOR g a t e  D8216-2 where i t  i s  
used t o g e t h e r  w i t h  t h e  RD- i n p u t  as an e n a b l e  i n p u t  D8212-15. It 
c o n t r o l s  a d d r e s s e s  AO, A 1  t o  p rov ide  t h r e e  read s i g n a l s ,  
RDCPUO- , RDCPU1- o r  RDCPU2- ,  one f o r  each l a t c h  i f  t h e  UP i s  ready  
(READY-) t o  r e c e i v e  t h e  t e x t .  
When t h e  l a s t  l a t c h ,  D8202 i s  r e a d ,  f l i p - f l o p  D8211 i s  reset  by 
RDCPU2-. 

I 

8.2.  C I R C U I T  DESCRIPTION OF D1AGW.N 2 (See  f i g . 8 . 3 . )  

T h i s  c i r c u i t  d iagram b a s i c a l l y  c o n s i s t s  of a cascaded 16- bi t  c o u n t e r ,  
D8222, D8223, D8224, D8226, which g e n e r a t e s  t h e  X l i n e  and Y frame 
sweeps f o r  t h e  t e x t  ras ter  and c o n t r o l s  a m u l t i p l e x e r ,  D8232, D8233, 
D8234, D8236. T h i s  m u l t i p l e x e r  a d d r e s s e s  a v i d e o  RAM, D8237, which 
r e c e i v e s  i t s  i n f o r m a t i o n  from t h e  mic roprocessor  v i a  a l a t c h ,  D8238. 
The t ex t  i n  t h e  v i d e o  RAM i s  i n  ASCII c h a r a c t e r s  and t h e s e  are  l a t c h e d  
by D8239 i n t o  a c h a r a c t e r  g e n e r a t o r ,  EPROM D8241. 
The 8- b i t  p a r a l l e l  o u t p u t s  are  fed  i n t o  a s h i f t  r e g i s t e r ,  D8242, which 
s u p p l i e s  a se r i a l  o u t p u t  t o  t h e  Z c o n t r o l  o u t p u t .  A 4- b i t  c o u n t e r ,  
D8231, p r o v i d e s  ho ld- of f  a t  end of X l i n e  sweep t o  cu t- of f  X and t o  
g i v e  Z b l a n k i n g .  
An 8 .2  MHz o s c i l l a t o r ,  g i v e s  a c l o c k  ou tpu t  D8218-8 t o  c o n t r o l  t h e  
s h i f t  r e g i s t e r  and t h e  16- bi t  c o u n t e r .  
The t e x t  Y o u t p u t  i s  c o n t r o l l e d  v i a  g a t e s  D8219 and f l i p - f l o p  D8217. 
These v a r i o u s  c i r c u i t  f u n c t i o n s  are now d e s c r i b e d  i n  g r e a t e r  d e t a i l .  

~~ 
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I n p u t  d a t a  l a t c h e s  
I n p u t  d a t a  from t h e  CPU c e n t r a l  mic roprocessor  i s  r e c e i v e d  on l i n e s  
EXDO t o  EXD7.  
These i n p u t  d a t a  l i n e s  p r o v i d e  t h e  i n p u t s  t o  t h e  t h r e e  l a t c h e s  D8206, 
D8207, D8208. 
Each 8- b i t  l a t c h  can  b e  w r i t t e n  i n t o  by t h e  c e n t r a l  UP under  
t h e  c o n t r o l  of i t s  own w r i t e  e n a b l e  s i g n a l ,  WPO-, WPI-, o r  WP2-, 
g e n e r a t e d  by t h e  l a t c h  w r i t e  decoders  D8213, D8214. 
Each 8- b i t  l a t c h  c a n  b e  read  t o  t h e  CRT TEXT U N I T  under t h e  c o n t r o l  of  
i t s  own read  e n a b l e  s i g n a l ,  RDCPUO-,  RDCPUL- o r  RDCPU2-, g e n e r a t e d  by 
t h e  l a t c h  r e a d  d e c o d e r  D8212. 

L a t c h  w r i t e  d e c o d e r  
The l a t c h  w r i t e  d e c o d e r  u s e s  t h e  CPU s i g n a l s  EXA14, EXA15, E X I O / M ,  
EXALL, E X A 1 2 ,  EXWR-, EXAO and E X A l  t o  a d d r e s s  t h e  CRT TEXT U N I T .  
These s i g n a l s  a r e  a p p l i e d  t o  t h e  D8213 and D8214 d e c o d e r s  i n  cascade  
t o  make one of t h r e e  w r i t e  s i g n a l s  a c t i v e ,  WPO-, WPL- o r  WP2-, one 
f o r  each l a t c h .  
When t h e  l a s t  l a t c h ,  D8208, i s  f i l l e d ,  WP2- g o e s  h i g h  and g i v e s  a h i g h  
i n p u t  t o  NAND g a t e s  D 8 2 1 1  (wired as a s e t l r e s e t  f l i p - f l o p )  t o  g i v e  a 
READY- s i g n a l  t o  t h e  i n p u t  p o r t  of  D8202, D8202-39, t o  s a y  t h a t  d a t a  
i s  r e a d y  t o  b e  t a k e n  i n ,  and a l s o  t o  t h e  c e n t r a l  mic roprocessor  on t h e  
CPU U N I T .  

L a t c h  r e a d  d e c o d e r s  
The l a t c h  r e a d  d e c o d e r  u s e s  a d d r e s s e s  g e n e r a t e d  by t h e  t ex t  
m i c r o p r o c e s s o r  t o  r e a d  t h e  l a t c h e s .  
Addresses  A14, A15 c o n t r o l l e d  by t h e  I O / M  s i g n a l  p r o v i d e  i n p u t s  f o r  
D8212 t o  g e n e r a t e  t h e  c h i p  e n a b l e  s i g n a l  CEROM- f o r  t h e  program memory 
i n p u t  D8204-20. Output  D8212-6 i s  fed t o  NOR g a t e  D8216-2 where i t  i s  
used t o g e t h e r  w i t h  t h e  RD- i n p u t  as an e n a b l e  i n p u t  D8212-15. It 
c o n t r o l s  a d d r e s s e s  AO, A 1  t o  p rov ide  t h r e e  read s i g n a l s ,  
RDCPUO- , RDCPU1- o r  RDCPU2- ,  one f o r  each l a t c h  i f  t h e  UP i s  ready  
(READY-) t o  r e c e i v e  t h e  t e x t .  
When t h e  l a s t  l a t c h ,  D8202 i s  r e a d ,  f l i p - f l o p  D8211 i s  reset  by 
RDCPU2-. 

I 

8.2.  C I R C U I T  DESCRIPTION OF D1AGW.N 2 (See  f i g . 8 . 3 . )  

T h i s  c i r c u i t  d iagram b a s i c a l l y  c o n s i s t s  of a cascaded 16- bi t  c o u n t e r ,  
D8222, D8223, D8224, D8226, which g e n e r a t e s  t h e  X l i n e  and Y frame 
sweeps f o r  t h e  t e x t  ras ter  and c o n t r o l s  a m u l t i p l e x e r ,  D8232, D8233, 
D8234, D8236. T h i s  m u l t i p l e x e r  a d d r e s s e s  a v i d e o  RAM, D8237, which 
r e c e i v e s  i t s  i n f o r m a t i o n  from t h e  mic roprocessor  v i a  a l a t c h ,  D8238. 
The t ex t  i n  t h e  v i d e o  RAM i s  i n  ASCII c h a r a c t e r s  and t h e s e  are  l a t c h e d  
by D8239 i n t o  a c h a r a c t e r  g e n e r a t o r ,  EPROM D8241. 
The 8- b i t  p a r a l l e l  o u t p u t s  are  fed  i n t o  a s h i f t  r e g i s t e r ,  D8242, which 
s u p p l i e s  a se r i a l  o u t p u t  t o  t h e  Z c o n t r o l  o u t p u t .  A 4- b i t  c o u n t e r ,  
D8231, p r o v i d e s  ho ld- of f  a t  end of X l i n e  sweep t o  cu t- of f  X and t o  
g i v e  Z b l a n k i n g .  
An 8 .2  MHz o s c i l l a t o r ,  g i v e s  a c l o c k  ou tpu t  D8218-8 t o  c o n t r o l  t h e  
s h i f t  r e g i s t e r  and t h e  16- bi t  c o u n t e r .  
The t e x t  Y o u t p u t  i s  c o n t r o l l e d  v i a  g a t e s  D8219 and f l i p - f l o p  D8217. 
These v a r i o u s  c i r c u i t  f u n c t i o n s  are now d e s c r i b e d  i n  g r e a t e r  d e t a i l .  

~~ 
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The t e x t  Y sweep 
The DSPL- s i g n a l  from t h e  t e x t  mPl (on CRT t e x t  d i ag ram 1) i s  a p p l i e d  
t o  f l i p - f l o p  rese t  i n p u t  D8217-13 t o  g i v e  a low o u t p u t  on D8217-3 
t r a n s f e r r e d  when a low c l o c k  s i g n a l  i s  r e c e i v e d  from g a t e s  D8219. By 
a p p l y i n g  t h e  m o s t- s i g n i f i c a n t  b i t s  of  t h e  16- b i t  c o u n t e r  (Q14, Ql5)  t o  
N A N D  g a t e  D8219, a low o u t p u t  from D8217-3 i s  d e s i g n e d  t o  occu r  a f t e r  
t h e  end o f  a Y sweep. T h i s  Y- s i g n a l  i s  r o u t e d  t o  t h e  X/Z  AMPLIFIER t 
r e s t a r t  t h e  Y sweep.  

The t e x t  X sweep 
The DSPL- s i g n a l  a l s o  makes D8217-2 o u t p u t  h i g h ,  which s t a r t s  t h e  8 .2  
MHz o s c i l l a t o r  D8218. Th i s  p r o v i d e s  a c l o c k  s i g n a l  (CLK) f o r  t h e  16- 
b i t  c o u n t e r  (and f o r  t h e  s h i f t  r e g i s t e r ,  d e s c r i b e d  l a t e r ) ,  which u s e s  
t h e  DSPL- a s  a master rese t  s i g n a l .  The CLK s i g n a l  p r o v i d e s  an 
inc remen t  a p p r o x i m a t e l y  e v e r y  120 ns. A c a s c a d e  command i s  g i v e n  t o  
t h e  n e x t  c o u n t e r  when a 4- b i t  c o u n t e r  i s  i n  s t a t e  15. With 256 c o u n t e r  
s t a t e s  p e r  X l i n e ,  t h e  end of l i n e  i s  r eached  a t  o u t p u t  D8223-15. T h i s  
end o f  l i n e  o u t p u t  a l s o  changes  ove r  a f l i p - f l o p  D8228 t o  p r o v i d e  a n  
i n p u t  command t o  c o u n t e r  D8231-7 which s t a r t s  at  t h e  end of each  X 
l i n e .  T h i s  p r o v i d e s  a hold- off  o f  1 6  c l o c k- p u l s e s  be tween X sweeps .  
During h o l d- o f f ,  a h i g h  o u t p u t  on D8231-13 i s  a p p l i e d  v i a  two 
i n v e r t e r s  D8229-13, D8229-10, t o  c u t  o f f  t h e  X- o u t p u t  s i g n a l  be tween 
e a c h  t e x t  l i n e .  
A low MULT- i n p u t  t o  t h e  rese t  of f l i p - f l o p  D8221 r e s u l t s  i n  r e p e a t e d  
X sweeps. A t  t r i g g e r i n g  by  X- , t h e  f l i p - f l o p  p rocuces  a h i g h  o u t p u t  on 
D8221-6, which means t h a t  w i t h  D8219-3 a t  l o g i c  high. d u r i n g  a Y sweep 
t h e  NAND g a t e  D8219-6 o u t p u t  i s  h e l d  low. 
C o n s e q u e n t l y ,  t h e  i n v e r t e d  s i g n a l  ( h i g h )  p r e v e n t s  t r i g g e r i n g  of  f l i p -  
f l o p  D8217-12 a t  t h e  end of a n  X sweep. 
Coun te r  o u t p u t  D8231-13 a l s o  p r o v i d e s  a t r a c e  b l a n k i n g  s i g n a l  d u r i n g  
ho ld- of f  v i a  NOR g a t e  D8229-1 and NAND g a t e  D8228-8 t o  t h e  Z 
APlPLIFIER. NOR g a t e  D8229-1 i s  a l s o  c o n t r o l l e d  by a s e r i a l  QZ s i g n a l  
from t h e  s h i f t  r e g i s t e r  t o  p r o v i d e  unb lank ing  f o r  t h e  c h a r a c t e r  d o t s  
when w r i t i n g  t e x t .  

G e n e r a t i n g  t h e  t e x t  c h a r a c t e r s  
The p r e v i o u s  s e c t i o n s  have d e s c r i b e d  t h e  n e c e s s a r y  XY t i m i n g  s i g n a l s  
t h a t  a re  r o u t e d  t o  t h e  X / Z  AMPLIFIER t o  produce  a ras te r  on t h e  s c r e e n  
by c o n t r o l l i n g  l i n e a r  s awtoo th  d e f l e c t i o n  v o l t a g e s .  The f o l l o w i n g  
s e c t i o n s  e x p l a i n  how c h a r a c t e r s  a re  w r i t t e n  on t o  t h i s  b l a n k  r a s t e r .  
A s  i n  t e l e v i s i o n  t h e  t e x t  c h a r a c t e r s  are super imposed on t h e  ras ter  by 
v i d e o  s i g n a l s  t h a t  modula te  t h e  t r ace  s p o t  i n t e n s i t y .  In t h i s  case, 
c h a r a c t e r  w r i t i n g  i s  ach ieved  by unb lank ing  t h e  Z a m p l i f i e r  a t  v a r i o u s  
s p o t s  a l o n g  e a c h  l i n e  where t h e  c h a r a c t e r s  o c c u r .  
Each c h a r a c t e r  i s  formed by an 8x8 matrix and t h e r e  i s  t h e  p o s s i b i l i t y  
o f  32 c h a r a c t e r s  p e r  l i n e  ( i . e .  8 x 32 = 256 p o i n t s  p e r  l i n e .  A s  t h e  
s c r e e n  i s  scanned l i n e  by l i n e ,  a " c h a r a c t e r  l i n e "  (8  l i n e s )  w i l l  b e  
r e p r e s e n t e d  b y  256 x 8 = 2048 p o i n t s .  A f u l l  s c r e e n  can  accommodate 2 4  
" c h a r a c t e r s  l i n e s "  ( i . e .  2048 x 24 = 49152 p o i n t s .  It f o l l o w s  
t h e r e f o r e  t h a t  a l l  t h e  16- b i t  c o u n t e r  o u t p u t  b i t s  Q O  t o  Q15 a re  
n e c e s s a r y  f o r  c h a r a c t e r  w r i t i n g :  
- b i t s  Q O  t o  4 7  are  used t o  r e p r e s e n t  t h e  256 p o i n t s  a l o n g  a comple te  

- b i t s  Q 8 ,  Q 9 ,  Q l O  r e p r e s e n t  t h e  8- l i n e  c h a r a c t e r  fo rma t  and d e c i d e  

- b i t s  Ql1 t o  Q15 r e p r e s e n t  t h e  24 " c h a r a c t e r  l i n e s "  and d e c i d e  which 

l i n e ,  

which o f  t h e  e i g h t  l i n e s  i s  t o  be d i s p l a y e d ,  

O f  t h e s e  i s  t o  be  d i s p l a y e d .  
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Nu1 t i p l e x e r  
Counter  o u t p u t  b i t s  4 3  t o  4 7 ,  QI-1 t o  Q l 5  a r e  a p p l i e d  as i n p u t  s i g n a l s  
t o  t h e  m u l t i p l e x e r s  D8233, D8234, D8236. A l t e r n a t i v e l y ,  a d d r e s s b i t s  
from t h e  UP a r e  a p p l i e d  depending on t h e  s t a t e  of t h e  CERAM-signal. 
When CERAM- i s  h i g h ,  t h e  c o u n t e r  o u t p u t s  a d d r e s s  t h e  i n p u t s  of t h e  
v i d e o  RAY v i a  t h e  m u l t i p l e x e r .  
When CERAlY- i s  low, t h e  up a d d r e s s e s  t h e  V I D E O  RAN and d a t a  from t h e  
UP i s  w r i t t e n  i n t o  t h e  v i d e o  RAM v i a  t h e  m u l t i p l e x e r .  
M u l t i p l e x e r  D8232 u s e s  t h e  RD- and CERAM- s i g n a l s  t o  e n a b l e  t h e  v ideo  
RAM. 

Video RAM 
AS d e s c r i b e d ,  t h e  m u l t i p l e x e r  p r o v i d e s  i n p u t s  f o r  t h e  v i d e o  RAM D8237 
w i t h  e i t h e r  a d d r e s s e s  from t h e  up o r  p o s i t i o n a l  Q- bi ts  from t h e  
counter.When t h e  read i n p u t  D8237-21 i s  a c t i v e ,  d a t a  i s  loaded  i n t o  
t h e  v i d e o  RAM from t h e  UP ADO t o  A D 7  l i n e s  v i a  t h e  b i d i r e c t i o n a l  l a t c h  
D8238. The t e x t  i n  t h e  v i d e o  RAM c o n s i s t s  of ASCII c h a r a c t e r s .  When a 
command i s  g i v e n  t o  w r i t e  a c h a r a c t e r  t h i s  i n f o r m a t i o n  i s  g e n e r a t e d  as 
8 b i t s  t o  t h e  l a t c h  D8239, where i t  i s  passed a f t e r  a t i m e  d e l a y  t o  
( f o r  s y n c h r o n i s a t i o n  p u r p o s e s )  t o  a d d r e s s  t h e  c h a r a c t e r  g e n e r a t o r .  

C h a r a c t e r  g e n e r a t o r  
The c h a r a c t e r  g e n e r a t o r  D8241 c o n s i s t s  of a 4 k b y t e  EPROM, a d d r e s s e d  
by 1 2  b i t s :  
- e i g h t  b i t s  from t h e  v i d e o  RAY a d d r e s s i n g  t h e  c h a r a c t e r  t o  be  

- t h r e e  b i t s ,  Q8 - Q l O ,  r e p r e s e n t i n g  l i n e s  0 - 7 f o r  t h e  c h a r a c t e r  

- an e n a b l e  b i t  (EN). 
The c h a r a c t e r  codes  g e n e r a t e d  are c locked as p a r a l l e l  o u t p u t s  t o  t h e  
s h i f t  r e g i s t e r .  

g e n e r a t e d ,  

( d e f i n i n g  c h a r a c t e r  h e i g h t ) ,  

S h i f t  r e g i s t e r  
The c h a r a c t e r  p a r a l l e l  i n p u t s  t o  s h i f t  r e g i s t e r  D8242 a r e  r e a d  o u t  i n  
s e r i a l  form, c o n t r o l l e d  by t h e  CLK o u t p u t  D8218-8 of t h e  8 . 2  MHz 
o s c i l l a t o r .  Counter  b i t s  Q O ,  Q l ,  Q 2 ,  connected v i a  NAND g a t e  D8227-6 
g i v e  a m a t r i x  a d d r e s s  e v e r y  8 c o u n t e r  p u l s e s  on D8242-15 ( d e f i n i n g  
c h a r a c t e r  w i d t h ) .  The s e r i a l  o u t p u t  QZ i s  r o u t e d  t o  NOR g a t e  i n p u t  
D8229-3 t o  p r o v i d e  t h e  r e q u i r e d  b l a n k i n g l u n b l a n k i n g  Z c o n t r o l  f o r  t e x t  
d i s p l a y .  

D i s p l a y  sequence 
The t ime  d u r i n g  which t h e  t e x t  i s  d i s p l a y e d  r e p r e s e n t s  a b r e a k  i n  t h e  
normal o s c i l l o s c o p e  s i g n a l  t r a c e .  Normally t h i s  b r e a k  o n l y  r e p r e s e n t s  
two c h a r a c t e r  l i n e s  a t  t h e  t o p  of t h e  s c r e e n  and as t h e  s i g n a l  t race  
i s  r e p e t i t i v e ,  t h e  b r e a k  i s  d i s t r i b u t e d  over  d i f f e r e n t  p a r t s  of  t h e  
t r a c e .  It i s  t h e r e f o r e  g e n e r a l l y  o v e r w r i t t e n  and o n l y  g i v e s  l i t t l e  
d i s t u r b a n c e  of t h e  s i g n a l .  
However, when t h e  f u l l  d i s p l a y  a r e a  i s  used ,  f o r  t e x t  d u r i n g  a s e r v i c e  
r o u t i n e  and f o r  t h e  50-ohm over load  warning,  a l a r g e  p a r t  o'f t h e  
s i g n a l  i s  cu t- of f  and t h e  l i g h t  i n t e n s i t y  i s  somewhat r educed .  
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8.3 PARTS LIST 

I n  t h i s  s e c t i o n  o n l y  e l e c t r i c a l  p a r t s  p r e s e n t  on t h i s  u n i t  are  l i s t e d .  
D 

N e c h a n i c a l  p a r t s ,  i n c l u d i n g  c a b l e s  and c o n n e c t o r s ,  are g iven  i n  
s e c t i o n  28.  I -  

D 

SUBJECT TO ALTERATION WITHOUT NOTICE 

8.3.1 CAPACITORS 
POS::R O E s c R i P r I o M  O R D E R i l i G  CODE 

c 8 2 3 1  
c s 2 s 2  
C E.203 
c s217  

c 8 2 2 2  
c 6 2 2 3  
c 8 . 2 2 4  
C 8 2 2 6  
c 5 2 2 7  

c 8228 
C 8 2 2 9  
C 8 2 3 1  
c 6132 

5322 1 2 4  143651 
4 8 2 2  1 2 2  5 0 0 ' $ 4  
4 8 2 2  1 2 2  313034 
$ 8 2 2  124 2 0 9 4 5  

4 3 2 2  1 2 2  3 1 4 1 4  
4 3 2 2  1 2 2  3 1 4 1 4  
4 G 2 2  1 1 2  31ct14 
4 3 2 2  1 2 %  3 1 4 1 4  
4 3 2 2  1 2 2  3 1 4 1 4  

4 8 2 2  122 5 1 4 1 4  
4 8 2 2  1 2 2  3 2 6 1 4  
4 8 2 2  1 2 2  3.1414 
4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  

4 8 2 2  1 2 2  - 3 1 4 1 4  
4 S 2 2  1 2 2  3 1 4 1 4  
4 3 2 2  523 3 1 4 1 4  
4 5 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  

4 2 2 2  1 2 2  3 1 4 2 4  
4 3 2 2  122 3 1 G i 4  
4 8 2 2  122 3 1 4 1 4  
4 2 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  311',14 

4 8 2 2  122  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
(t822 1 2 2  311114 
4 5 2 2  I f 2  3 1 4 x 4  
4 8 2 2  1 2 2  3 1 4 1 4  

4 6 2 2  1 2 2  3 1 4 1 4  
4 3 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  31414 
4 8 2 2  1 2 2  3141 ' t  
4 3 2 2  12.2 3 1 4 1 4  

4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
482:? 1 2 2  3 1 4 1 4  
4 3 2 2  1 2 2  3 1 4 1 4  
4 3 2 2  1 2 2  3 1 4 1 4  

5 3 2 2  2 0 9  5 0 0 3 2  
5 3 2 2  2 0 9  1 0 5 2 6  
5 3 2 2  2 0 3  11118 

5 3 2 2  2 9 9  5 0 5 4 3  
5 3 2 2  2 0 9  1 1 1 1 9  
5323  2 0 9  1 1 1 1 9  
537.11 2 3 9  1 1 1 1 9  
4 5 2 2  2 C 9  1 0 2 5 3  

5 3 2 2  2:;ir 11135 
5 3 2 2  2 0 9  1 1 1 1 2  
5322 2 6 9  i 3 1 1 2  
5 5 2 2  2 0 9  1 1 1 1 2  
5322  2 3 9  1 1 1 0 6  
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D 8 2 1 7  1 N T E G R . C I R C U I T  PC7GHCT107P P E L  
D 8 2 1 8  I N T E G R . C l R C U T 7  N 7 4 F 1 3 2 N  SIG 
D 8 2 1 9  I N T E G R . C I E C U I T  1 4 7 4 ~ 0 0 ~  SIG 
D 8 2 2 1  1 N T E G R . C I R C U I T  PC74iiCT74P f EL 
D 8 2 2 2  I N T E G R .  C I R C U I  r 74F163APC FSC 

D 8 2 2 3  1 N T E G R . C I R C U I T  74F763APC FSC 
D 8 2 2 4  1NTEGR.CIR;UIT 74F163APC FSC 
D G226 I N T E G ? . C I R C I J I T  74F1634PC FSC 
D 8 2 2 7  INTEC7.CIRC'lIT PC74liCTlOP F E L  
D 8 2 2 8  INTEG2.CIRCUlT PC74HCTOOP P E L  

D 8 2 2 9  1NTESR.CIRCUIT PC74HCT02P P E L  
D 8 2 3 1  1NTESR.CIRCUIT 74F163APC FSC 
D 8 2 3 2  1 N T E G R . C I R C U I T  PC74l:CT257P P E L  

D 8 2 3 4  1 N T E G R . C I R C U I T  PC74HCT25iP P E L  

D 8 2 3 6  I N T E G R .  C I R C l l I T  PC74MCT257P P E L  
D 6 2 3 7  1 N T E G R . C I R C U Z T  UPD446D-2 N E C  
D 8 2 3 8  1 N T E G R . C I R C U I T  PC74ilCT245P P E L  
D 8 2 3 9  1 N T E G E . C I A C U I T  PC74WCT374P P E L  
D 8241 I . C .  Rori A PI2 7 3 2 L; C - P 2 0 G 

D 8 2 4 2  1 N T E G R . C I R C U I T  PC74HCT166P F E L  

D 8 2 3 3  I N T E G R . C I R C U I T  p c i 4 t i c r 2 5 7 ~  P E L  

8 .3 .3  R E S I S T O R S  

R 8 2 1 2  RES-KETAL FILl.1 FIX25 
R 8 2 5 4  RES.KETAL FILM i;i?25 
R 8 2 6 6  RES.ITETP,L F1I.I.I i:?23 

R 8 2 6 8  RES.MEiAL FILM FIR25 

R 8 2 6 9  R E S . M E T A L  FILFI 

R 8 2 5 7  R E S . : I E T A L  ~1119 m 2 2 5  

8 .3 .4  SEMI CONDUCTORS 

V 3 2 0 1  D I O O E  I34K62 

V 8 2 0 2  TRANSISTO!? BSX20 
V 82G3 TRANSISTOR BC5rtSB 

8 .3 .5  M I S C E L L A N E O U S  

G8201 C r y s t a l  6000kHz 

IX 1K 
I% I O K  
1% 1 U K  
1% 3 x 5 3  
1% 3K83 

1% 3KS3 

P E L  

F EL 
P E L  

5 3 2 2  2 0 9  11108 
5 3 2 2  2 0 9  8 3 3 4 2  
5 3 2 2  2 0 9  8 1 9 0 8  
5 3 2 2  2 0 9  1 1 1 0 9  
5 3 2 2  2 0 9  8 3 3 4 3  

5 3 2 2  2 0 9  8 3 3 4 3  
5 3 2 2  2 0 9  8 3 3 4 3  

5 3 2 2  2 0 9  1 1 1 0 7  
5 3 2 2  2 0 9  11105 

5 3 2 2  2 0 9  1 1 1 0 6  
5 3 2 2  2 0 9  8 3 3 4 3  
5 3 2 2  2 0 9  1 1 1 1 4  
5 3 2 2  2 0 9  1 1 1 1 4  
5 3 2 2  2 0 9  1 1 1 1 4  

5 3 2 2  209  1 1 1 1 4  
5 3 2 2  2 0 9  8 1 5 8 9  
5 3 2 2  2 0 9  1 1 1 1 7  
5 3 2 2  209  1 1 1 1 9  
5322  2 0 9  5 0 5 4 4  

5322  209  11113 

5 3 2 2  209 8 3 3 4 3  

4 8 2 2  1 1 6  5 1 2 5 3  
5 3 2 2  116 5 4 5 8 9  
4822 1 1 6  5 1 2 3 5  - 
4 5 2 2  1 1 6  5 1 2 3 5  

5 3 2 2  116 5 5 2 7 4  
4 8 2 2  1 0 0  1 0 3 5 9  
4822  1 1 6  5 1 2 3 5  
4 8 2 2  1 1 6  5 1 2 3 5  
4 8 2 2  1 1 6  5 1 2 3 5  

4 8 2 2  1 1 6  5 1 2 3 5  
4 8 2 2  1 1 6  5 1 2 5 3  
4 5 2 2  1 1 6  5 1 2 5 3  
5 3 2 2  1 1 6  5 4 5 8 9  
5322 1 1 6  5 4 5 8 9  

5 3 2 2  1 1 6  5 4 5 8 9  

4822 130 3 0 6 1 3  

4322  130  4 1 7 0 5  
4 8 2 2  1 3 0  40937  

4822 2 4 2  70392 
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9 .  C I R C U I T  D E S C R I P T I O N  OF THE I E E E  488 BUS UNIT.  

Ttie  IEEE-unit i s  an o p t i o n  t h a t  e n a b l e s  t h e  o s c i l l o s c o p e  t o  
communicate e x t e r n a l l y  w i t h  o t h e r  i n s t r u m e n t s  i n  a IEEE-bus system. I t  
c o n s i s t s  of two c i r c u i t  d i a g r a m s ,  a d i g i t a l  p a r t  and an analog p a r t .  
AS t h e  I E E E  i s  an o p t i o n ,  i t s  o p e r a t i n g  d e t a i l s  a re  n o t  d e s c r i b e d  in 
d e t a i l .  For f u r t h e r  i n f o r m a t i o n ,  r e f e r  t o  t h e  r e l e v a n t  I E E E  
o p e r a t i n g  manual.  

9 . 1 .  C I R C U I T  DESCRIPTION OF DIAGRAM 1 (See  f i g . 9 . 2 . )  
Th i s  d i g i t a l  p a r t  o f  t h e  u n i t  ma in ly  c o n s i s t s  of  a I E E E  c o n t r o l  UP 
D8001, two b u f f e r s  D8002, D8003, a read- only  memory D8004 c o n t a i n i n g  
t h e  I E E E  i n s t r u c t i o n s  and a wri te  r e g i s t e r  t o  c o n t r o l  t h e  ana log  
p a r t .  

I E E E  c o n t r o l  UP and b u f f e r s  
The I E E E  c o n t r o l  UP r e c e i v e s  e x t e r n a l  d a t a  from t h e  c e n t r a l  UP on 
t h e  b i d i r e c t i o n a l  d a t a b u s  EXDO t o  EXD7, c o n t r o l l e d  by EXRD- ( r e a d )  
and EXWR- ( w r i t e )  commands (when t h e  remote  f a c i l i t y  i s  a v a i l a b l e ) . T h e  
l i n e s  a r e  a l s o  used t o  r ead  i n  d a t a  from t h e  memory, D8004 and t h e  
w r i t e  i n t o  r e g i s t e r s  D8008 used f o r  c o n t r o l l i n g  t h e  a n a l o g  p a r t .  
Another b i d i r e c t i o n a l  p o r t  c o n n e c t s  w i t h  b u f f e r  D8002 t o  form t h e  
e x t e r n a l  " m u l t i l i n e  message" d a t a b u s  t o  t h e  I E E E  c a b l e ,  c o n t r o l l e d  by 
t h e  d a t a  v a l i d  "handshake" s i g n a l  DAV on D8001-36. . 
The I E E E  c o n t r o l  i s  synchron i sed  w i t h  t h e  c e n t r a l  UP c l o c k  by an EXCLK- 
i n p u t  D8001-3. 
The a d d r e s s  l i n e s  EXAO, EXAl and EXA2 on p i n s  21 ,  22 and 23 a c c e s s  
e i g h t  i n t e r n a l  r e g i s t e r s  t h a t  d e t e r m i n e  l i s t e n e r ,  t a l k e r  and c o n t r o l  
communication modes. 
Three  b i d i r e c t i o n a l  c o n t r o l  l i n e s  connec t  t o  b u f f e r  D8003. Th i s  
produces  t h e  f i v e  "EL4ISE"interface management bus  l i n e s :  
REN - remote  e n a b l e  
ATN - a t t e n t i o n  
I F C  - i n t e r f a c e  c l e a r  
SRQ - s e r v i c e  r e q u e s t  
E O I  - end o r  i d e n t i f y  
I t  a l s o  b u f f e r s  t h e  o t h e r  two "handshake" l i n e s  NRFD ( n o t  ready f o r  
d a t a )  and NDAC (no t  d a t a  a c c e p t e d )  t h a t  t o g e t h e r  w i t h  t h e  DAV s i g n a l  
c o n t r o l  t h e  exchange of d a t a  b y t e s  between i n s t r u m e n t s .  

Read -on 1 y memory 
The read- only  memory D8004 i s  swi tched  f o r  64- kbyte c a p a c i t y .  It i s  
a d d r e s s e d  by t h e  e x t e r n a l  a d d r e s s  b u s- l i n e s  EXAO t o  EXA12 from 
CPU 1 c i r c u i t  d iagram,  c o n t r o l l e d  by t h e  EXRD- s i g n a l ,  and t h e  CEROM- 
s i g n a l  decoded from t h e  E X A l 4 ,  EXA15 and EXIO/M-  a d d r e s s e s  a t  o u t p u t  
D8006-5. Toge the r  w i t h  t h e  E X A l l  and EX12 a d d r e s s e s  an ou tpu t  
from D8006-7 i s  used t o  decode a c h i p  se lec t  s i g n a l  C E I E C -  on D8006-12 
f o r  t h e  I E E E  c o n t r o l  UP. 

Write R e g i s t e r  f o r  c o n t r o l  of a n a l o g  p a r t  of  t h e  IEEE- unit .  
The EXA a d d r e s s e s  decoded by D8006 a l s o  produce a s i g n a l  on D8006- 
11. Toge the r  w i t h  t h e  EXWR- s i g n a l  t h i s  e n a b l e s  t h e  write r e g i s t e r  
v i a  NOR g a t e  and i n v e r t e r  D8007. I n  w r i t e  r e g i s t e r  D8008, t h e  i n p u t s  
EXDO t o  EXD7 p r o v i d e  t h e  f o l l o w i n g  o u t p u t s  f o r  c o n t r o l l i n g  t h e  analog 
p a r t  : 
- MUXO t o  MuX3 f o r  m u l t i p l e x e r  r e a d i n g  of p o t e n t i o m e t e r  p o s i t i o n s .  
- S/H (sample  and h o l d )  s e l e c t i o n  
- D ( d a t a )  
- E O ,  E l  o u t p u t  s w i t c h  s e l e c t i o n  f o r  p o t e n t i o m e t e r s .  
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9 . 2 .  C I R C U I T  D E S C R I P T I O N  OF DIAGRAM 2 (See  f i g .  9 .3 . )  

I f  t h e  I E E E  u n i t  i s  i n s t a l l e d ,  t h e  ana log  p a r t  of i t  i s  added between 
t h e  p o t e n t i o m e t e r s  on t h e  i n t e r m e d i a t e  u n i t  ( v o l t a g e  range 0.....10 
V o l t )  and t h e  c i r c u i t s  t h a t  a r e  c o n t r o l l e d  by t h e s e  p o t e n t i o m e t e r s .  
These c i r c u i t s  a r e  l o c a t e d  on t h e  s i g n a l  u n i t ,  time base  and f i n a l  Y 
a m p l i f i e r .  
The a n a l o g  I E E E  p a r t  h a s  t h e  f o l l o w i n g  f u n c t i o n s :  
- S e l e c t i o n  between l o c a l  ( p o t e n t i o m e t e r  v o l t a g e )  o p e r a t i o n  o r  

remote  o p e r a t i o n  ( v o l t a g e  from a sample and ho ld  g a t e )  f o r  eve ry  
po ten t io- mete r  f u n c t i o n .  Th i s  s e l e c t i o n  i s  done by means o f  
m u l t i p l e x e r s .  

- D e t e c t i o n  by t h e  CPU of t h e  p o s i t i o n  of a c e r t a i n  p o t e n t i o m e t e r  
( i n  advance manual ly  a d j u s t e d ) .  T h i s  p o t e n t i o m e t e r  p o s i t i o n  i s  
d i g i t i s e d  by t h e  CPU. T h i s  i s  ach ieved  by comparing t h e  
p o t e n t i o m e t e r  v o l t a g e  (between 0....10 V o l t )  wi th  a sawtooth  s i g n a l  
DAC from t h e  CPU. The comparison i s  done i n  comparator N8013. 

The comparator  
The p o t e n t i o m e t e r  p o s i t i o n  ana log  s i g n a l s  from t h e  INTERMEDIATE U N I T  
on c o n n e c t o r  X8001 are s e l e c t e d  s e p a r a t e l y  i n  m u l t i p l e x e r  D8009, 
c o n t r o l l e d  by t h e  MUXO t o  MUX3 s i g n a l s  from t h e  d i g i t a l  I E E E  u n i t  v i a  
a 5 V t o  1 2  V l e v e l  a d a p t o r  D8011. 
The s e l e c t e d  o u t p u t  on D8009-1 i s  read i n t o  comparator N8013. Each 
v o l t a g e  i s  compared i n  N8013 w i t h  a DAC s t a i r c a s e  g e n e r a t o r  (on t h e  
CPU 2 c i r c u i t  d iagram) t o  d e t e r m i n e  i t s  v a l u e .  When t h e  v a l u e s  are 
e q u a l ,  a COMP s i g n a l  i s  f e d  back t o  t h e  CPU t o  s t o p  t h e  DAC. The UP 
s t a r t s  t h e  DAC a t  0000 and g e n e r a t e s  a sawtooth  v o l t a g e  which i s  
compared w i t h  t h e  p o t e n t i o m e t e r  s l i d e r  v o l t a g e .  When t h e  sawtooth  
r e a c h e s  t h e  p o t e n t i o m e t e r  v o l t a g e  t h e  DAC s t o p s  and t h e  COMP o u t p u t  i s  
r o u t e d  t o  t h e  c e n t r a l  UP t o  i n d i c a t e  t h e  p o s i t i o n .  The maximum 
p o s i t i o n  i s  i n d i c a t e d  by t h e  f o u r- b i t  code 1111. 

The sample and hold  g a t e s  
The DAC v a l u e  from t h e  CPU,  a p p l i e d  v i a  R8007 t o  t h e  common i n p u t s  
( p i n  3 )  of t h e  s ample  and hold  g a t e s  N8018-N8036, i s  t h e r e f o r e  
e q u i v a l e n t  t o  t h e  p a r t i c u l a r  p o t e n t i o m e t e r  v o l t a g e .  This  DAC v o l t a g e  
i s  c locked i n t o  a s e l e c t e d  S ti H g a t e  by one of t h e  s i g n a l  a d d r e s s e s  
SO t o  S14. The s i g n a l  a d d r e s s e s  SO t o  SL4 f o r  t h e  sample and hold 
g a t e s  are  decoded i n  D8014 from f o u r  a d d r e s s  l i n e s  a t  CMOS l e v e l ,  
d e r i v e d  from t h e  MUXO t o  MUX3 i n p u t s  t o  D8011. 

The two- pos i t ion  m u l t i p l e x e r s .  
The o u t p u t  from a sample and hold  g a t e  i s  connected t o  one i n p u t  of a 
two- pos i t ion  m u l t i p l e x e r ,  D8037, D8038, D8039, D8041, D8042. For 
example, t h e  o u t p u t  N8036-5 (SH14) i s  connected t o  i n p u t  p i n  5 of  
m u l t i p l e x e r  D8042. 
The o t h e r  i n p u t  i s  connected t o  i t s  p o t e n t i o m e t e r  p o s i t i o n  i n p u t  
s i g n a l ;  i n  t h i s  example, p i n  3 connected t o  t h e  s l i d e r  of t h e  
p o t e n t i o m e t e r  ( c o n n e c t o r  XSOOl-19). 
Each two- pos i t ion  m u l t i p l e x e r  can b e  swi tched by a s i g n a l  (PO t o  X POS 
P14) ,  s t o r e d  i n  a d d r e s s a b l e  l a t c h e s  D8016 o r  D8017 a f t e r  l e v e l  
a d a p t a t i o n  i n  TTL/CMOS a d a p t o r s  D8012 o r  D8011 r e s p e c t i v e l y ;  e.g. f o r  
X POSY t h e  c o n t r o l  s i g n a l  i s  P 1 4 ,  s t o r e d  i n  D8017 under c o n t r o l  of t h e  
D ( d a t a )  s i g n a l .  
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The outputs c-f the multiplexers are connected to the relevant analog 
oscilloscope circuits; e.g. HOLD OFF to TIME-BASE, or TSA (trace 
separation analog) to FINAL Y AMPLIFIER, etc. 
This means that these analog oscilloscope functions receive their 
d.c. voltage from the sample and hold gate when the function in remote 
operation or from the potentiometers in local mode. If the IEEE-unit 
is not installed, the potentiometer position signals on connector 
X8001 are directly connected to the analog oscilloscope circuits via 
connector X8002. 
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9.3 PARTS LIST 

I n  t h i s  s e c t i o n  o n l y  e l e c t r i c a l  p a r t s  p r e s e n t  on t h i s  u n i t  are l i s t e d .  
Mechanical  p a r t s ,  i n c l u d i n g  c a b l e s  and c o n n e c t o r s ,  are g iven  i n  
s e c t i o n  28. 

SUBJECT TO ALTERATION WITHOUT NOTICE 

9.3.1 CAPACITORS 

P O S N R  

C 8 C O l  
C 8 0 0 2  

C 8 0 3 3  
c 8 0 0 4  
C 8 0 0 6  
C 8 0 0 7  
C 6008  

C 0 0 9 9  
c 8011 
c P O 1 2  
c 8 0 1 3  
c 8014  

c 8016  
C LO17 
C 8 0 1 8  
C SO19 
c 2021 
c 8022 
C 8 0 2 3  
C 8 0 2 4  
C 8 3 2 6  
c s c 2 7  

C 8 0 2 8  
c 5029 
C 60.51 
c s o 3 2  
c 8 0 3 3  

C 8 0 3 4  
C & ? 3 6  
C 8 0 5 7  
c 8 0 5 8  
c 8 0 3 9  

C 8 0 c t l  
c 8 5 4 2  
C 8 0 4 3  
C 8 0 G 4  
C 8 3 4 6  

C 8 0 < 7  
C 80ct8 
C 8049 
c 8 0 5 1  
C SO52 

C 8053  
C 8 0 5 4  
C 8 0 5 6  
c 8 0 5 7  
C 6958  

C 8 0 5 9  
c 81361 
c & 2 5 2  
C 8 0 5 3  
C 8 0 6 4  

C 8 0 6 5  
C 8 0 6 7  
C 8068  

D E S C R I P T I D N  

c h P . c F R i t  i.1 I c 
C A P .  C E R t t r l I C  

C A P .  C E R A P T I C  
C A P .  F O I L  
C A P . F O I L  
C A P .  F O I L  
C A P .  F O I L  

C A P .  F O I L  
C A P .  FOIL 
C A P .  F O I  i 
C A P . F O I L  
C A P . F O I L  

C A P .  F O I L  
C A P . F O I L  
C A P .  F O l L  
C F P - F O I L  
C A P .  F U I  L 
CAP.  FUI L 
C A P .  T A 2 T A L .  
C A P . S O L I D  A L U  
C B P .  T A I T I i L  
C A P  .CE::A;lKC 

C A P .  CEi?AISi[: 
C A P .  C E R A b i T C  
C A P .  CE?,:;rilC 
C A P .  C E E A I I I C  
C A P .  CERAr4J.C 

C A P . C E X A K I C  
C A P .  C E R A t . l I C  
C A P .  C E R A b l I C  
C?$P . C E k A t ' l i C  
C A P . C E R A M I C  

C A P .  C E R A F l I C  
CAP.  Cii:A'r.!IC 
C A P .  CEi!AFlIC 
C A P  . CERAISI C 
C A P .  C E E A l f I C  

C A P .  C E R A M I C  
C A P .  CERAPIIC 
C h P . C E R ? + M I C  
C A P .  C E R A F l I C  
C A P .  C E R A M I C  

C A P .  c E ; : m c  
C A P .  CEWI?,i.lIC 
C A P .  CERI1: i IC 
C A P .  C F . R A M I C  
C A P .  CERi1F.lI.C 

C A P .  CE?AMIC 
C A P .  CE?!ii.liC 
C A P .  C E R A X l C  
C A P .  C E R A P l I C  
C A P .  CERAPIIC 

CAP.CE!!AF:iC 
C A P .  C E R A P l I C  
CAP.CERAI"1 IC 

2% 
2% 

1O?:F 
1OblF 
1CUF 
?L???F 
i ii :i F 
l O N i  

6 . 8 U F  
33UF 

6 . 3 U F  
1OtiF 

1 O K F  
1O::F 
1 0 t I F  
l C N F  
13SF 

1 CIjF 
1 OiiF 
1O?iF 
l O N i  
1Oi iF  

1CYF 
1 0 r i F  
l C i i F  
l O N F  
10::r' 

O R D E R I N G  CODE 

4 8 2 2  1 2 2  3 1 3 1 6  
4 8 2 2  1 2 2  31316  

4 8 2 2  1 2 2  3 0 0 2 7  
5 5 2 2  1 2 1  5 4 1 5 4  
5 3 2 2  1 2 1  5 q 1 5 4  
5 3 2 2  1 2 1  5 4 1 5 4  
5 3 2 2  1 2 1  5 4 1 5 4  

5 3 2 2  1 2 1  5 4 1 5 4  
5 3 2 2  1 2 1  5 4 1 5 4  
5 5 r 2  1 2 1  5Cr154 
5 3 2 2  121 5rt154 
5 3 2 2  1 2 1  5 4 1 5 4  

5 3 2 2  J 2 1  5 G 1 5 4  
5 3 2 2  1 2 1  5 4 1 5 4  
5 7 2 2  1 2 1  5 4 1 5 4  
5 3 1 2  1Zi 5 4 1 5 4  
5 3 L 2  1 2 1  5 4 1 5 4  
5 3 2 2  1 2 1  5 4 1 5 4  
5 3 2 2  1 2 4  1 4 i ! 6 9  
1 3 2 2  1 2 4  2 0 9 4 5  
5 3 2 2  12'1 1 4 0 6 9  
G 6 2 2  1 2 2  31Cr14 

4 8 2 2  1 2 2  3 1 4 1 4  
G E L 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  
4 6 2 2  

4 8 2 2  
4 8 2 2  
4 8 2 2  
4 8 2 2  
4 8 2 2  

4 3 2 2  
4 8 2 2  
4 8 2 2  
4 8 2 2  
4 8 2 2  

1 2 2  3 1 4 1 4  
122 3 1 4 1 4  

1 2 2  3 1 4 1 4  
1 2 2  3 1 4 1 4  
1 2 2  3 1 4 1 4  
1 2 2  3 1 4 1 4  
1 2 2  3 1 4 1 4  

1 2 2  3 1 4 1 4  
1 2 2  3 1 4 1 4  
1 2 2  3 1 4 1 4  
1 2 2  3 1 4 1 4  
122 51411't 

4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  122 3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
4 3 2 2  122 3 1 4 1 4  

4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
4 3 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  122 3 1 4 1 4  
4 8 2 2  122 3 1 4 1 4  

4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3141.4  
4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  

4 8 2 2  122 3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
4 8 2 2  1 2 2  3 1 4 1 4  
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C 8 0 6 9  
c 8 0 7 1  
C SO72 
c 8 0 7 3  
c 8 0 7 4  
C 8 0 7 6  
C 8 3 7 7  

c 8 0 7 8  
C 5 0 7 9  
c 8081 
C 8052 
c 8083 

c 8 0 8 4  
C 8085 
c € o r 7  
C 8 0 8 s  

~ 

c 8089  

c 8 3 9 1  

9.3.2 

C A P .  C E R A P I I C  
C A P .  C E E A i . \ I C ;  
C A P .  C E R A M I C  
C A P .  C K R A I ‘ : I C  
C A P .  C E G A K I C  
C A P .  CERA: ITC 
C A P .  C E K A l i i C  

C A P .  C F R t 3 i C  
C A P .  C E R A M I C  
c a p .  C E R A F I I C  
C A P .  C E R A t l I C  
C A P .  C E R A T l i C  

C A P . C E R A M I C  
C A P .  C E R . 4 I I I C  
C A P ,  Z C R A X I C  
C A P .  C E R A ? l I C  
C A P .  C E i i i l M I C  

C h P .  C E R A M I C  

INTEGRATED CIRCUITS 

D 8 0 0 1  

D 8CO2 n S D 0 3  
3 8 0 0 4  
D 3 0 0 5  
D 8 0 0 7  

D 8003 
c 8 0 0 9  
D 8011 
D 3 0 1 2  
D 8016 

D 8 0 1 6  
D 8 0 1 7  
D 8 0 5 7  
D 8 0 3 5  
D 8 0 3 9  

D Ce3cil 
D 6 d 4 2  

14 6013 

N SC18 
8 3 0 2 9  
t.! 8 0 2 1  
M 8G22 
N 8 0 2 3  

Id 8 0 2 4  I N T E C R . C L ? C U I T  
bi S O : &  1 N T E G R . C l R C I J I T  
N 8 0 2 7  1 N T E G R . C i R C U I T  
N 6 0 2 8  I N T E G R . C I R C I J 1 T  
N 2 3 2 9  1 : I T E G R . C I R C U l T  

N 8 0 3 1  I N T E C R . C I R C I J I T  
N 8P32 I N l E G R . C I ? C U I T  
N 8 3 3 3  I N T E G R . C I R C U I T  
N 8 0 3 4  I N T E G R . C I R C U T T  
N 8 0 3 6  1 t i T E G R . C I R C U I T  

9.3.3 RESISTORS 
I.: 8 0 0 1  R E S . f I E T A L  FILM 

R 8 0 0 2  R E S . M E ? A L  FILM 
t: 8133 K E S . P ? E T A L  F I L E  
R 8OG‘+ K E S . i - i E T A L  F I L M  
R 8 0 0 6  R E S . f I E T R h  Fit? 
R 8 0 0 7  R E 5 , r l E T A L  F I L M  
R 8008 R E S . f l E T A L  F I L M  

1 OKF 
1CIIF 

P G 2 S l A  I H T  

UA 7 4 1 C I4 S I G  

H E 5  ;371.1 SIG 
t4 [I 5 5 3 7 N S i G  
)! E5 53 7 t.i S I G  
EI E5 5 3 7  11 S I G  
NE5537N S i G  

N E 5  5 3 7 14 SIG 
t; € 5  5 3 7 N S I G  
N E 55 3 7 k i  S I G  
1; E 5 5 3 7 H S i G 
:I E 5 5 3 7 r i  SIci 

).I r 5  53 7 N S I G  
NEST 37N SIG 
N E5 5 3 7 N S I G  
N E5 5 3 7 El S I G  
’riE5537d S I G  

PiR25 1% li( 

T:2?5 1% 1 K  
MR25 1:: 6KK1 
Mk25 1% 1K 
M825 1% 1 x 2 1  

4 8 2 2  1 2 2  31414 
4 8 2 2  122 31414 
4 8 2 2  1 2 2  3 1 4 1 4  
4 6 2 2  122 3 1 4 1 4  
4 6 2 2  122 3 1 4 1 4  
4 8 2 2  1 2 2  31(i14 
4 6 2 2  1 2 2  3 1 4 1 %  

4 6 2 2  1 2 2  3 1 4 1 4  
4 5 2 2  122 3 1 4 1 4  
4 6 2 2  1 2 2  31414  
4 8 2 2  1 2 2  3141.4 
4 8 2 2  1 2 2  31416  

4 8 2 2  122 31414 
4 8 2 2  1 2 2  31c14  
4 8 2 2  12? 31‘i14 
G822 1 2 7  31414 
4 8 2 2  1 2 2  3 1 4 1 4  

4 3 2 2  3 2 2  3 1 4 1 4  

5 3 2 2  2 Q 9  81254  

5 3 2 2  T O 4  8 1 2 6 5  
5 3 2 2  235: E.22‘65 
5.:122 ;?Q$ .r,05r,5 
5 3 2 2  2 2 9  8 5 8 3 3 .  
5 3 2 2  2 0 9  85312 

5 3 2 2  2 0 9  8 5 6 6 9  
5 3 2 2  2 0 9  1 4 5 1 3  
4 8 2 2  2C9 10273 
4 5 2 2  2 0 9  l o 2 7 3  
5 3 2 2  2 0 9  1 4 0 5 1  

4 8 2 2  2 0 9  10316 
4 6 2 2  2 0 9  1 0 3 1 6  
5 3 2 2  2 0 9  1G121 
5 3 3 2  2 0 9  1 4 1 2 1  
5 3 2 2  2 0 9  1 4 1 2 1  

5322 209 14121 
5 3 2 2  2 0 9  1 6 1 2 1  

5322 2 0 9  83257 

5322 209 8 1 7 2 9  
5322 209 81729 
5322 2 0 9  8 1 7 2 9  
5322 2 0 9  8 1 7 2 9  
5 3 2 2  2 0 9  8 1 7 2 9  

5 3 2 2  2 0 9  8 1 7 2 9  
5322 2 0 9  0 1 7 2 9  
5322 209 81729 

5 3 2 2  2 0 9  8 1 7 2 9  

5322 209 81729 
5322 2 0 9  8 1 7 2 9  
5 3 2 2  2 0 9  81729 
53;2 2 0 9  81’729 
5322 209 81729 

5322 2 0 9  8 1 7 2 9  

4 8 2 2  1 1 6  51235 

r j S Z Z  1 1 6  51235 
5 3 2 2  1!6 50579 
4 8 2 2  116 51235 
4 8 2 2  116 51252 
4 8 2 2  116 51235 
5322 116 54557 
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9 .3 .4  SEMI CONDUCTORS 

V 8 0 0 1  D I O D E , R E F E R T E C E  B 7 X 3 Q - C 4 V 7  PEL 
V 8 0 0 2  DIODE,REFERE! iCE EZX7Y-C5V1 PEL 

9 . 3 . 5  MISCELLANEOUS 

S 8 0 0 1  P L U G , A D P s P T E R  B i. U E 

4 8 2 2  1 3 0  3+174 
4 8 2 2  130 3 4 2 3 3  

5 3 2 2  2 6 3  5 0 1 0 7  
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-@ 10. C I R C U I T  DESCRIPTIOE OF VERTICAL ATTENUATOR U N I T .  

10 .1 .  I N T R O D U C T I O N  * 

The A and B channe l  a t t e n u a t o r s  a r e  i d e n t i c a l :  s o  on ly  A i s  
d e s c r i b e d .  Every u n i t  c o n s i s t s  of two p r i n t e d  c i r c u i t  b o a r d s :  
- t h e  h . f .  a t t e n u a t o r  u n i t  
- t h e  1 . f .  a t t e n u a t o r  u n i t  

1 0 . 2 .  C I R C U I T  DESCRIPTIOE OF SIGNAL PART OF THE HF ATTENUATOR U N I T  
(See  f i g . 1 0 . 2 ) .  

The i n p u t  from t h e  Y BNC connec to r  ( A  o r  B) d i v i d e s  i n t o  f i v e  pa ths :  
- t h r e e  i d e n t i c a l  a.c.-coupled h . f .  s i g n a l  p a t h s  w i t h  d i f f e r e n t  

- a 50-ohm t e r m i n a t i o n  p a t h .  
- a d i r e c t- c o u p l e d  s i g n a l  pa th  t o  t h e  1 . f .  a t t e n u a t o r  u n i t .  

c a p a c i t i v e  a t t e n u a t i o n  f a c t o r s .  

The h . f .  s i g n a l  p a t h s  and t h e  50-ohm t e r m i n a t i o n  a r e  s e l e c t e d  by t h e  
c o n t a c t s  of reed r e l a y s  mounted on t h e  1 . f .  u n i t  and c o n t r o l l e d  by 
b u f f e r  D6903. Th i s  b u f f e r  i s  c o n t r o l l e d  by t h e  HEF-bus I C  D7001) on 
t h e  a d a p t a t i o n  u n i t .  
Dea l ing  f i r s t  w i t h  t h e  50-ohms t e r m i n a t i o n ,  t h e  reed r e l ay  c o n t a c t  
c o n n e c t s  t h e  i n p u t  s i g n a l  a c r o s s  50-ohms (an  a r r a y  w i t h  two 100-ohm 
r e s i s t o r s  connected i n  p a r a l l e l  t o  e a r t h ) .  The a r r a y  i n c l u d e s  a 
t e m p e r a t u r e  s e n s o r  which a c t i v a t e s  a t empera tu re- sens ing  c i r c u i t  (on  
t h e  h . f .  u n i t )  i f  t h e  i n p u t  s i g n a l  exceeds 5 V.  
The t h r e e  h . f .  pa ths  a re  a.c.-coupled v i a  C6801 ( 0 . 0 1 ~  r a n g e ) ,  C6809 
(lx range)  and C6814 ( 0 . 1 ~  r a n g e ) ,  which form p a r t  of t h e  RC 
a t t e n u a t o r s .  The a t t e n u a t o r  s t a g e s  are  each fol lowed by a FET 
impedance c o n v e r t e r  s t a g e  (V6806 i n  t h e  lx p a t h ) .  A d i o d e  c l i p p e r  i n  
t h e  g a t e  c i r c u i t  of t h e  two lower ranges  p r o t e c t s  t h e  i n p u t  s o u r c e  
f o l l o w e r  of t h e  impedance c o n v e r t e r  from e x c e s s i v e  i n p u t  v o l t a g e s .  
The impendance c o n v e r t e r  i s  swi tched by a PNP t r a n s i s t o r  (V6807) i n  
i t s  d r a i n  c i r c u i t .  A +5 V s w i t c h e s  i t  o f f  and a + 4 . 2 .  V s w i t c h e s  i t  
on.  
The s i g n a l  i s  t h e n  coupled v i a  a d i o d e  (V6812) t o  t r a n s i s t o r  V6829, 
p a r t  of  a summation s t a g e  (where a l s o  t h e  1 . f .  s i g n a l  i s  added) .  
When "0" c o u p l i n g  i s  s e l e c t e d ,  t r a n s i s t o r  V6828 t a k e s  over  t h e  c u r r e n t  
normal ly  drawn by one of t h e  coup l ing  d i o d e s  (V6811 o r  V6812) i n  t h e  
h . f .  pa th .  Th i s  s e r v e s  t o  main ta in  t h e  c i r c u i t  i n  d . c .  b a l a n c e .  
The g a i n  of  t h e  summation s t a g e  i s  determined by t h e  r a t i o  of i t s  
c o l l e c t o r  r e s i s t a n c e  t o  i t s  e m i t t e r  r e s i s t a n c e ,  - Rc . 
I n  t h e  x l  p o s i t i o n ,  t h e  c o l l e c t o r  r e s i s t a n c e  o f  V6829 i s  R6863 + 
(R6850//R6851), swi tched by V681'9, 
I n  t h e  x 5  p o s i t i o n ,  used f o r  t h e  2mV, lmV/div, t h e  c o l l e c t o r  
r e s i s t a n c e  of  V6829 i s  R6863 + R6852 + (R6853//R6854), swi tched by 
V6822. I n  t h e  x 5  p o s i t i o n  t h e  bandwidth of  t h e  summation s t a g e  i s  
reduced.  
Swi tch ing  i s  achieved by t h e  l o g i c  l e v e l  a p p l i e d  t o  t h e  b a s e  of V6826; 
-1 V se lects  t h e  xl r a n g e ,  +5 V s e l e c t s  t h e  x 5  range .  
The o u t p u t  s i g n a l  from t h e  summation s t a g e  V6829 and V6833 i s  rou ted  
t o  t h e  o u t p u t  a m p l i f i e r  w i t h  v6837 and V6839. The o u t p u t  s i g n a l  from 
t h i s  a m p l i f i e r  i s  rou ted  t o  t h e  s i g n a l  u n i t  v i a  a c o a x i a l  c a b l e .  A 
p a r t  of t h e  o u t p u t  s i g n a l  i s  rou ted  t o  t h e  feedback l o o p  on t h e  1 . f .  
a t t e n u a t o r  u n i t .  

Re 
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10.3.  C I R C U I T  D E S C R I P T I O N  OF THE LF ATTENUATOR U N I T  ( s e e  f i g . l o . 3 . )  
The 1 . f .  o r  d . c .  p a t h  i s  chosen by t h e  A C / D C  r e e d  r e l a y  s w i t c h  
c o n t a c t .  When "0" i n p u t  c o u p l i n g  i s  chosen,  
swi tched o f f  by a NUL- (-10 V) s i g n a l  on i t s  g a t e .  
The s i g n a l  on t h e  d . c .  pa th  i s  compared i n  t h e  o p e r a t i o n a l  a m p l i f i e r  
D6901 wi th  t h e  d . c .  o u t p u t .  
Any d i f f e r e n c e  i n  t h e  comparator  i s  a p p l i e d  t o  t h e  summation s t a g e  
c o n s i s t i n g  o f  V6836, V6833 and V6829. Note t h a t  when added ,  t h e  h . f .  
s i g n a l  and t h e  1 . f .  s i g n a l  shorn  a t  t h e  summation s t a g e  form a 
r e c o n s t i t u t e d  v e r s i o n  of t h e  square-wave a p p l i e d  t o  t h e  i n p u t .  
Feedback c a p a c i t o r s  i n  t h e  o p e r a t i o n a l  a m p l i f i e r  e n s u r e  t h a t  t h e  
f requency  r e s p o n s e  of t h e  d . c .  p a t h  matches  t h a t  of  t h e  a .c .  p a t h .  
Feedback c a p a c i t o r  C6906 i s  always i n  c i r c u i t .  The feedback  c a p a c i t o r s  
C6907 and C6908 a r e  swi tched  i n t o  t h e  c i r c u i t  by t h e  FET-switches 
V6906 and V6907. I n  t h e  x 0 , l  a t t e n u a t i o n  p o s i t i o n  C6906 and C6907 a r e  
i n  c i r c u i t .  I n  t h e  x0,Ol a t t e n u a t i o n  p o s i t i o n  C6906, C6907 and C6908 
a re  a l l  i n  c i r c u i t  as feedback  c a p a c i t a n c e .  The c o n n e c t i o n  between t h e  
i n v e r t i n g  i n p u t  of  o p e r a t i o n a l  a m p l i f i e r  D6901 and t h e  o u t p u t  of t h e  
a t t e n u a t o r  u n i t  i s  made v i a  a network of s w i t c h e a b l e  feedback  
r e s i s t o r s .  The amount of  r e s i s t o r s  swi tched  i n t o  t h e  c i r c u i t  by FET- 
s w i t c h e s  depends on t h e  a t t e n u a t o r  s e t t i n g .  
The feedback r e s i s t a n c e  ne tworks  a r e :  
xl : R6914 + R6909 (a lways  i n  c i r c u i t )  
xO.1 : (R6914 + R6909)//(R6911//R6912) swi tched by  V6911 
x0.01: (R6914 + R 6 9 0 9 ) / / ( R 6 9 1 1 / / R 6 9 1 2 ) / /  R6913 s w i t c h e d  bjr V6911 and 

I n  t h e  x5 g a i n  i n c r e a s e  p o s i t i o n ,  r e s i s t o r  R6916 i n  t h e  f e e d b a c k  
c i r c u i t  i s  swi tched  t o  e a r t h  by V6908 t o  p r o v i d e  t h e  n e c e s s a r y  
c o r r e c t i o n .  

t h e  FET s w i t c h  V6904 i s  

V6913. 

10 .4 .  C I R C U I T  D E S C R I P T I O N  OF THE AUXILIARY C I R C U I T S  ON THE HF ATTENUATOR 
(See f i g . 1 0 . 2 )  

There  a r e  t h r e e  a u x i l i a r y  c i r c u i t s :  
- M u l t i p l e x e r  D6801 f o r  h . f .  a t t e n u a t o r  s w i t c h i n g  
- Window d i s c r i m i n a t o r  f o r  50 Ohm t e r m i n a t o r  p r o t e c t i o n  
- Temperature s e n s i n g  c i r c u i t  f o r  50-ohm i n p u t  t e r m i n a t i o n .  

M u l t i p l e x e r  D6801 i s  c o n t r o l l e d  by t h e  HEF-bus ( a d d r e s s  l i n e s  A0 and 
A l )  t o  s e l e c t  t h e  x l ,  x10 and x l 0 0  c a p a c i t i v e  a t t e n u a t o r s  f o r  t h e  
h . f .  u n i t ,  on p i n s  1 2 ,  1 4  and 1 5  r e s e c t i v e l y .  These p i n s  are connected 
w i t h  V6807/base,  V6818Ibase and V6802lbase.  
The xl and x5 r a n g e s  are a l s o  s e l e c t e d  by s w i t c h i n g  -1 V o r  +5 V t o  
V6826/base. These v o l t a g e s  a re  made by  m u l t i p l e x e r  D6801/3, 1, 5 ,  2 ,  4 
and v o l t a g e  d i v i d e r  r e s i s t o r s  R6871 and R6872. 

The window d i s c r i m i n a t o r  checks  t h e  v o l t a g e  a c r o s s  t h e  h . f .  a t t e n u a t o r  
o u t p u t  by means of two o p e r a t i o n a l  a m p l i f i e r s  N6802. One d e t e c t s  t h e  
p o s i t i v e  s i g n a l  peak and t h e  o t h e r  d e t e c t s  t h e  n e g a t i v e  s i g n a l  peak.  
The r e s u l t a n t  o u t p u t s  are  summed, and i f  t h e  i n p u t  v o l t a g e  of 5 V i s  
exceeded (measured w i t h  t h e  a t t e n u a t o r  i n  t h e  x 0 , l - p o s i t i o n  d u r i n g  
t h i s  measurement) ,  t h e  summation a m p l i f i e r  N6802/8, 9 ,  14 s w i t c h e s  o f f  
t r a n s i s t o r  V6842. Th i s  g i v e s  a l o g i c  h i g h  ( u n s a f e )  s i g n a l  t o  t h e  
c e n t r a l  m i c r o p r o c e s s o r .  In  t h i s  s i t u a t i o n  i t  i s  n o t  p o s s i b l e  t o  s w i t c h  
from 1M.Ohm t o  50 Ohm i n p u t  impedance. 
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Temperature  s e n s i n g  c i r c u i t .  
T h i s  c i r c u i t  c o n s i s t s  of doub le  o p e r a t i o n a l  a m p l i f i e r  D6803. The 
t e m p e r a t u r e  of  t h e  50 ohm t e r m i n a t i o n  r e s i s t o r  i s  measured by a 1 
k.Ohm r e s i s t o r  w i t h  a t empera tu re  c o- e f f i c i e n t  of +0,75 p e r c e n t  per 
d e g r e e  C e l s i u s .  I f  t h e  t empera tu re  g e t s  t o o  h i g h ,  o p e r a t i o n a l  
a m p l i f i e r  i n p u t  N6803/2 goes  h igh and s w i t c h e s  FET V6846 on. V6846 
s w i t c h e s  r e s i s t o r  R6890 between t h e  probe i n d i c a t i o n  l i n e  and e a r t h .  
The c e n t r a l  microcomputer knows t h a t  e i t h e r  a high-ohmic probe or  a 50 
Ohm o v e r l o a d  i s  p r e s e n t  now. The d e t e c t i o n  between t h e  two i s  done as 
f o l l o w s  : 
- The window of t h e  d i s c r i m i n a t o r  i s  changed from 5 t o  25  Volt 

i n  combina t ion  w i t h  t h e  x0,Ol a t t e n u a t o r  s e c t i o n ) ,  v i a  a low 
l e v e l  from opamp o u t p u t  D6803/1 a p p l i e d  t o  t h e  window 
d i s c r i m i n a t o r  v i a  d i o d e  V6843 and s w i t c h i n g  FET V6841. 

- The microcomputer s w i t c h e s  t h e  x0,Ol a t t e n u a t o r  s e c t i o n  on f o r  a 
moment and l o o k s  a t  t h e  d i s c r i m i n a t o r  o u t p u t :  i f  t h e  o u t p u t  i s  
low,  t h e  v o l t a g e  a c r o s s  t h e  50 Ohm r e s i s t o r  i s  between 5 and 25 
Vol t  and t h e  c u r r e n t  through t h e  r e s i s t o r  i s  such t h a t  i t  can be 
s w i t c h e d  o f f .  With t h e  d i s c r i m i n a t o r  o u t p u t  b e i n g  h i g h ,  t h e  
v o l t a g e  i s  above 25 Volt and t h e  c u r r e n t  th rough  t h e  50 Ohm 
r e s i s t o r  i s  t o o  h igh  t o  be swi tched o f f .  Now a warning becomes 
v i s i b l e  f o r  t h e  u s e r  of t h e  i n s t r u m e n t  ( i f  t h e  t ex t  d i s p l a y  i s  
on). 

- Some seconds  a f t e r  having swi tched- off  t h e  50 Ohm-res is tor ,  t h e  
microcomputer  l o o k s  a g a i n  t o  t h e  p r o b e- i n d i c a t i o n  l i n e .  The 
t e m p e r a t u r e- s e n s i n g  r e s i s t o r  i s  cooled down a g a i n  and t h e  probe 
i n d i c a t i o n  l i n e  must be f r e e  a g a i n ;  i f  n o t  t h e  microcomputer knows 
t h a t  i t  was n o t  a 50 Ohm over load  b u t  t h a t  a high-ohmic probe i s  
connec ted .  

il) 
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10.5 PARTS LIST 

Ip. t h i s  s e c t i o n  only e l e c t r i c a l  p a r t s  p r e s e n t  on t h i s  unit are  l i s t e d .  
Mechanical  p a r t s ,  i n c l u d i n g  c a b l e s  and 
s e c t i o n  2 0 .  

SUBJECT TO ALTERATION WITHOUT NOTICE 

10.5.1 CAPACITORS 

P O S N R  DFSCRIPTKON 
C 6 8 9 2  C A P .  TRIP1YER 63V 2.5-5i’F 
C 6803  ChP.CHIP 5 O V  5 %  33PF 
C 6 8 0 4  CAP.CHIP 5 o V  52 2 2 P F  

C 6807 
C 6808  
C 6S12 
C 6513  
C 6816 
C 6 8 1 8  
C 6 8 1 9  
C 6 5 2 1  
C 6 8 2 2  
C 6 8 2 3  

CAP.  CHIP 
CAP. CHIP 
CAP. CHIP 
CAP. CiiIP 
C A P .  C H I P  
CAP.  C H I P  
CAP.CHfP 
C A P .  C 3 I P  
CAP. CHIP 
CAP. CHIP 

22NF 
22KF 
22l:F 
22NF 
22PF 
22NF 
22NF 
22f iF  
22NF 
22LF 

C 6 8 2 4  CAP.ELECTROLYT. - 1 3 1 5 0 %  63IJF 

1r;F 

C 6832 CAP.CHIF’ 5GV l i3Z 103*:F 

C 6834  CAP.ELECTPOLYT. -lr3.’50% 6 S 3 F  

C 6 8 3 9  CAP.CHIP 50V 1 0 %  22iiF 
C 0 8 4 1  CAP.ELtCTROLYT. - 1 0 4 5 0 %  66lJF 

C 6827  CAP.CtiIF 5ov  102 2 2 E F  
C 6 8 2 3  CAP.CHIP 5 0 v  10% 
C 6829  CAP.CERAMIC 5ov 5 %  2 . 7 P F  

C 6 8 3 3  CPP.CHIP 5 0 v  1 0 %  22)1i: 

C 6537 CAP. ELECTKOLYT. -l0+50% 6 3 U F  

C 6 3 6 4  CAP.CFIIP 5 c 9  10% 1001!F 

C 6 S i 7  CAP.CtlIP 5 0 v  1 0 %  2 Z i i F  
c 5 : ; 6  CAP.CIIIP 50V 1 0 %  2 2 t ! F  

t 6 S i S  CAQ.CHIP 5FV 10% 23?1F 
c C8:99 CAP.CHIP 50V 10% 2ZKF 
C 6353 CRP.EiECIROLYT. -K.O+53:’ 6 8 U F  

C 6 9 0 2  C4P.FOiL 631’ 1 0 %  100bIF 
C 6 9 0 3  C4P.Fc71L 6 3 V  10% 1DL);F 
C 6 9 0 4  Cki’.FJIL G 3 V  10% 1 0 3 N F  

C 6 9 0 1  CIP.FCIL 4 0 3 v  13% 22b iF  

C 6 9 0 4  C A P . C E ? A F l I @  2% 22F.F 
c 6907  CAP. CERAXTC 2% 22ePF 

C 6 9 1 2  CAP.FUIL 6 3 V  1 0 %  1OGbiF 

C 6 9 1 6  CAP.FOSI 63V  1 0 %  13c!:F 
c 6917 CA?.FOIL t 3 V  1.::: 1 0 S i i i ‘  
C 6 9 1 8  CAP.!-314. L3V 1Clx l 0 l l l ’ F  

C 6 9 0 8  C A ? . C E S A M I C  10% 2.2NF 

C 6 9 1 3  CAP.TOIL 6 3 U  1 0 %  10GKF 

C 5 9 1 4  CAP.FOIL 63V 1 0 %  1 0 0 t I F  

C 6919 CAP.ELECTKOLYT. -1OF50% 6 3 3 F  

C 6 9 2 1  CAP.FOIL 6 3 V  3 O X  l O 0 N F  

C 6 9 2 3  CAP.FOIL 63V  ltX l O O N F  
C 6 9 2 4  CAP.FOiL 63V 10% ’i3CNF 
C 6 9 2 5  CAP.FOIL b j ‘ d  1 O X  I C i i i i i :  

~ C 6 9 2 2  CAP.ELECTROLYT. -2.0)!5fi:< b S U F  

~ C 6 9 2 7  CAP.FOIL c 3 v  10% 10o:fF 

10.5.2 INTEGRATED CIRCUIT S 

D 6 8 0 1  I N T E G R . @ I R C ! J I T  t1EF+052BT F’EL 
D 6 9 0 1  1 N T E G R . C I R C U I T  H E F 4 0 5 2 B P  PEL 

c o n n e c t o r s ,  a r e  g i v e n  i n  

O R D E R I N G  C9DE 
5 3 2 2  125 50258 
5322 122  3 2 6 5 9  
5 3 2 2  1 2 2  3 2 6 5 8  

5 3 2 2  122  3 2 6 5 6  
5 3 2 2  122  32656  
5 3 2 2  1 2 2  32656  
5 3 2 2  122 32556  
5 3 2 2  1 2 2  3 2 6 5 8  
5 3 2 2  1 2 2  3 2 6 5 6  
5 3 2 2  1 2 2  3 2 6 5 4  
5 3 2 2  122 3 2 6 5 6  
5 3 2 2  1 2 2  3 2 6 5 6  
5 3 2 2  122  32656  

4 8 2 2  1 2 4  2 0 6 6 9  
5 3 2 2  1 2 2  3 2 6 5 6  
5 3 2 2  1 2 2  3 2 6 6 2  
5 3 2 2  1 2 2  3 1 8 7 3  
5 3 2 2  1 2 2  3265.7 

5 3 2 2  1 2 2  3 2 6 5 6  
4 3 2 2  1 2 4  2 0 5 8 9  
4 8 2 2  1 2 4  2 0 6 8 9  
5 3 2 2  122  3 2 6 5 6  
4 8 2 2  1 2 4  205S9 

5 3 2 2  1 2 2  32657  
5 3 2 2  1 2 2  3 2 5 5 6  - . _ ~  

5 3 2 2  1 2 2  3 2 6 5 6  
5 3 2 2  1 2 2  3 2 6 5 6  
5 3 2 2  122 3 2 6 5 6  

4 5 2 2  1 2 4  2 0 6 8 9  

5 3 2 2  1 2 1  4 ? 3 ? 5  
5 3 2 2  1 2 1  4 2 3 8 4  
5 3 2 2  1 2 1  4 2 3 8 6  

4 8 2 2  1 2 2  3 1 0 6 3  

5 3 2 2  1 2 1  ( i 0 3 0 8  

4 8 2 2  122  30094  
G822  122 3 0 1 1 4  
5 3 2 2  1 2 1  4 2 3 5 6  
5 3 2 2  121  4 2 3 8 6  

5 3 2 2  1 2 1  42386  
5 3 2 2  1 2 1  4 2 3 8 6  
5 3 2 2  1 2 1  4 2 3 5 6  
5322 1 2 1  4 2 3 3 6  
4 8 2 2  124 2 0 6 6 9  

5 3 2 2  121  4 2 3 8 6  
4 8 2 2  1 2 4  2 0 4 8 7  
5522  121  4 2 3 3 6  
5322 121  42356  
5322 121  42356 
5 3 2 2  1 2 1  42385  

5 3 2 2  2 0 9  11102 
4 8 2 2  2 0 9  1 0 2 6 3  
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6 8 0 2  I N  T E G K .  C I R C U I  T LM339DP MOTA 4822 209  8 3 3 2 9  
N 6S03 I N T E G R .  C I R C l i I  r LM558D H O T  5 3 2 2  209  8 2 9 4 1  
N 6 9 0 1  1 N T E G R . C I R C U I T  UA71ctHC FC C 5 3 2 2  2 0 9  8 6 1 6 9  
N 6903  1 N T E G R . C I R C U I T  l l l t l Z r 3 0 3 N  SIG 5 3 2 2  209 8 6 2 9 6  
N 6804  1NTEGR.CIRCUIT OM545 5 3 2 2  209 8 3 4 5 1  

10.5.3 RESISTORS 

R 6 8 0 1  RES.Ct-IIP 
R 6 3 0 2  RES.CHIP 
R 6803  R i S . C H I P  

R 6 5 @ +  RES.CARDC)N 
R 6805  RES.Ct I IP  
K 6806 R E S . C t i I P  
R 6 8 0 7  R E S . C H I P  
R 6808  R E S . C I l I P  

R 6 8 0 9  
R 6 6 1 0  
R 6 8 1 1  
R 6 8 1 2  
R 6313  

R 6 8 1 6  
R 6815  
R 6817  
R 6818 
R 6819  

R 6820 
K 6 8 2 1  
R 6 8 2 2  
R 6 6 2 3  
R 6824  

R 6825  
R 6 8 2 6  
R 6627  
R 61328 
R 6 3 2 9  

R 6830 
R 6 5 3 1  
R 6833  
R 6834  
R 6635  

R 6335 
R 0 8 3 7  
R 6838  
R 6839  
R 4 s 4 1  

RES. CHIP 
RES. CHIP 
F!LS. CHIP 
P E S .  C j ? X E O N  
R E 5 .  CHIP  

RES.  CHIP 
RES. CHIP 
R E S .  CHIP 
RES. Cf i IP  
RES. CHIP 

RES.Ct I IP  
R E S .  C H l P  
R E S . C t l I ?  
R E S .  CHIP 
K E S .  CHIP 

EES. CCIFBOt4  
RES. CHIP 
R E S .  CHIP 
RES.  CHIP 
R E 5 ,  C H I P  

RES.CHIP 
RES. CHIP 
E E S .  C{I IP  
RES.  CHIP 
RES. CHIP 

R E S .  CHIP 
R E S .  C H I P  
R E S .  CHIP 
RES. CHIP 
RES. C H I P  

R 03G2 RES.CH1P 
i? 6843  RES.CHIP 
R 6344  RES.CtI1P 
R 6 8 4 5  P.ES.CHIP 
K 6846 RES.CHIP 

K t i 847  
R 6848  
R 6349  
R 6650 
R 6851 

2 6 8 5 2  
R 6 2 5 3  
R 6854  
R 6855  
R 6854  

R 6857 
R 6858  
R 6 8 5 9  
R 6 8 6 0  
R 6 8 6 1  

K E S .  C i i I P  
R E S .  CHIP 
RES.CHIP 
F 0 i P t  . S L I DE 
RES. CHIP 

RES.  CHIP 
RES.  CHIP 
FUTM.SLTDE 
RES. CHIP 
RES.  CHIP 

RES. CHIP 
RES.  CtIIP 
RES. CIIIP 
RES. C H I ?  
RES. CHIP 

RC-Q1 
R C - 0 1  
A C -  ij 1 

5 , 1 2 5 U  
RC-O 1 
R C - o a  
RC-OI 
RC-CE 

RC-C1 
R C - @ I  
RC-el 
0,225w 
RC-01 

RC- 0 1 
FC-01 
R C - 0 1  
R C -  0 1 
Re-81 

RC-01 
KC-Cl 
R C - C L  
RC- 0 1 
R C - $ 1  

0 > 1 Z 5 i J  
R C - ( 1 4  
R C - 0 1  
ZC-OI 
R C - 0 1  

ac-pi I 
RC-01 
RC-OL 
WC-01 
R C - 0 1  

2:- 01 
CC- 0 1 
R C- O X  
RC-31 
RC-01 

W C - G P  
R e - 0 1  
R C - 0 1  
b?C- 3 1 
RC-91 

R C - 5 1  
K C - O  1 
RC-01 

R C - G I  

RC-01 
Rd-01 

R C - 0  1 
EC-0 1 

R C - 0  1 
R C - i i l  
RC-01 
R C - 0 1  

0 . 3 Id 

G.3W 

5 %  4 7 0 E  
5% 33E 
5% 4 7 E  

c x  10 O M  5% 6 S K  
5 %  1 O O E  
3% 1 5 0 E  
5% 1 0 K  

5 2  47E 
5% l O O E  
5% 1 0 K  
5% 1 O O P l  
5% 1 K  

5% t C K  
5% 150E 
53.; 1OOE 
5% l00E 
5 %  1 0 K  

5 %  150E 
5% 68K 
5 %  (17E 
5% 27E 
5% 8 2 E  

5% 1O”j- i  
3 /* 2 7 K 
5% 101: 
5% 560E 
5% 1 2 9 E  

5% LOOE 
5% 27CE 
5 %  lCOE 
5 :4 3 3 E 
5% 1# 

5% +-iE 
5 x  I# 
5 %  l 8 0 E  
5 %  4 7 G E  
5% b E 8  

5 %  1 0 K  
5 %  ? O X  
5% 270E 
5 %  1 K S  
5% 3K9 

5% ?SOE 
5 %  6 8 0 E  
5 %  1 3 E  

25‘1, l C 0 E  
5% 1 l O E  

5% I d O E  
5% 82CE 

25% 4 7 0 E  
5% 22E 
5% l8OE 

5% 1#5 
5 %  2K2 
5% 470E 
5 %  10K 

I’ *, 

R C - 0 1  5X 1 O K  

5 3 2 2  1!1 9 0 1 0 9  
4822  119 90357 
4822  111 90217 

5322  111 30376 

5 3 2 2  111 9 0 0 9 1  
5 3 2 2  111 9 3 0 9 8  
<a22 111 90249 

4822  1 P 1  90217 
5 3 2 2  111 9 0 0 9 1  
G822 111 90249 
5 3 2 2  1 1 1  30375  
5 3 2 2  111 90092  

4 8 2 2  111 913202 
5 3 2 2  111 9 0 0 9 8  
5 3 2 2  111 9 0 0 9 1  
5 3 2 2  111 9 0 0 9 1  
4822  111 90249  

5 3 2 2  111 90098 
4 8 2 2  111 90202  
6 8 2 2  111 90217 
5 3 2 2  111 931C5 
4822 111 90124 

5322  111 3 0 3 7 6  
4 8 2 2  1 2 1  93542  
4 8 2 2  111 90249 
5 3 2 2  7 1 1  SO113 
4822  l i l  90339 

5 3 2 2  111 9 0 0 9 1  

5 3 2 2  111 9 0 2 4 2  
4822 ill 90357 
5322 1 7 1  9 0 0 9 2  

4822  111 $0217  
5 3 2 2  111 9 0 0 9 2  
5 3 2 2  111 9 0 0 9 1  
5 3 2 2  111 90109  
4322 111 90254 

4 5 2 2  i i i  9 a z o z  

6822  111 90154 

4822  111 902(t9 
4 8 2 2  111 90249 
4822 111 90154 
5 3 2 2  111 9 0 1 0 1  
4822 111 9 0 5 7 1  

5322 111 9 0 2 4 2  
4 3 2 2  111 93162  
5 3 2 2  111 90095 
5 3 2 2  105 20029  
5322  111 90877 

5 3 2 2  111 9 0 2 4 2  
4 8 2 2  111 9 0 1 7 1  
5 3 2 2  1 0 5  20023  
4522  111 90186 
5 3 2 2  111 90242  

4 8 2 2  111 9 0 1 5 1  
4 8 2 2  111 90248 
5 3 2 2  111 90109 
4822  111 90249  
4822  111 90249  
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R 6 8 6 2  
R 6 8 6 3  
R 6 8 6 4  
R 6 9 5 5  
R 6 3 6 6  

R 6 3 6 7  
R 6 3 6 3  
2 6 6 6 9  
i: 6 8 7 0  
? 6 3 7 1  

2 6 8 7 2  
R 6 5 7 3  
F, 6 5 7 4  
R 6 8 7 5  

~ R 6 8 7 6  

R 6 3 7 7  
R 6 8 7 8  
R 6 8 7 9  
R 6 8 3 0  
G 6351 

R 6 8 3 2  
R 6 3 6 3  
R 6 S 8 4  
R 6 8 8 5  
R 6 8 8 6  

c! 6 3 8 7  
R 6 6 5 9  
R 6 8 9 0  
R 6 3 9 4  
R 6 9 3 1  

R 6 9 0 1  
R 6 9 0 2  
R 6 9 3 3  
R 6 9 C 4  
I? 6 ' 3 0 6  

F: 6 9 0 7  
!? 4 9 0 8  
? 6 9 0 9  
2 6 9 1 1  
2 6 9 1 2  

R 6 9 1 3  
R 6 9 1 4  
R 6 9 1 6  
R 6 9 1 7  
R 6 9 1 8  

R 6 9 1 9  
R 6 9 2 1  
R 6 9 2 2  
R 6 1 3 3  
R 6 9 2 4  

R 6 9 2 6  
R 6 9 ? 7  

10.5.4 
V 6 8 0 1  
V 6 S 0 2  

V 6 8 0 3  
V 6 8 0 4  
V 6 8 0 6  
V 6 8 0 7  
V 6 8 0 9  

V 6 8 1 1  
V 6 8 1 2  
V 6 8 1 3  
V 6 8 1 4  

- V 6 6 1 6  

RES. CHIP 
R E S .  CHIP 
R Z S .  CHIP 
R E S .  CHIP 
RES. CHIP 

RES. M E T A L  
R ES . FiET A h 
RES. CHIP 
RES. Ct!IP 
R E S .  CHIP 

RES. CHIP 
RES. CHIP 
RES . C H I P  
EES.  CHIP 
EES.CHIP 

R E S .  CHIP 
RES. CHIP 
R E j .  C H I P  
R E S .  CHIP 
R E S  .CHIP 

RES. CHIP 
RES. CHIP 
R E ? .  CHIP 
R E S .  CHIP 
RES. CHIP 

RES. CHIP 
R E S .  CHIP 
R E S .  CHIP 
R E S .  CHIP 
RES.  P:ETAL 

R F S  . M E T A L  
RES. PlETAL 
R E S .  IiETAt 
R E S . i i E T A I  
I ; E s . r ; E r A L  

R C - 0 1  
R C - 0 1  
RC-51 
K C - 0 1  
RC-01 

F!LM F:R25 
F.KLI.1 Mi725 

RC-01 
R C - 0 1  
RC-01 

RC- 0 1 
A C - 0  1 
K C -  0 1 
R C - 0 1  
R e - 0 1  

RC-0 :  
R C - 0 1  
R C - i l l  
R C - 6 1  
RC- 0 1 

RC-Dl 
RC- 0 1 
R C - 0 1  
RC-01 
R C - 0 1  

RC-ui 
R C - 0 1  
R C - 0 1  
R C - 0 1  
r12125 

PI230 
FIR25 
' c j '  R 2 5 
P53 2 5 
Pi225 

'1 F! 2 5 
Pi225 

5% 4K7 
5% 33E 
5% 27CE 
5% 33E 
5% 33E 

1% l t 2 E  
1% 5 3 6 E  
5% 3 3 0 E  
5% 10K 
5% 4K7 

5% 6 8 0 E  
5% 1 0 K  
5% 1 0 K  
5% lK5 
5 %  120K 

5% 6 8 K  
5 %  1 0 K  
5% 15i< 
5% 1 S B  
5% 15K 

5 %  6 E K  
5 %  1 K  
5% i#  
5 %  68K 
5% 2 2 9 K  

5% 3K3 
5% 1 0 K  
5% 1 K  
5 %  ? K  
1% 1ooz 
ix l b l  
1% 2K87 

1 0 %  22M 
1% 7 O O K  
1% l O O K  

RES.METAL 
RES . M E T A L  

10% 22r4 
1% 1 b K  

RES.FlETAL F T L M  0 . 1 %  856K 
R E S . H I - T El! S 1 I! il 5% 31:3 
RES.t'iETAL F l i f i  0 . 1 x  l O 0 K  

V R 2  5 

RES.METAL FILM 0 . 1 %  8K66 
RES.PlETAL F I L l l  0 . 1 %  8K93  
R E S . r i  E 5 ,? L F I L il 0.1% 2K37 
F?ES.FIETAL FILM MR25 1% 1 0 K  
F',ES.XETAL FILM fiX25 1% 1 T K 8  

RES.rlETAL FILM KR25 1% loo!.: 
F?ES.PiETAL FlLM F:P,25 1% l O O K  
R E S . r l E T A L  FILM MR25 1 %  l 0 U i C  
RFIS.NETAL FILM K R 2 5  1% l 0 0 K  
F,ES.llETbL F I L M  KR25 1% 1 0 E  

R E S . P I E T A L  F I L N  rwz5 1% l O O E  
RES. I ;ETAL  FILi?  P f % i 2 ?  1% 7 5 0 E  

SEMI CONDUCTORS 
TRANSISTC2,FET BF512 P E L  
T A A H S I S  T O R  SCWJO TAPE PEL 

TRAtISISTOR, FET BFX92 PEL 

TZANSIST@R,FET BF512 PEL 
TRANSISTGR BC1130R TAPE PEL 
TRANSISTOR, FET BF-R92 PEL 

D I l l D E  Bi?V70 TAPE PEL 
DIODE BA:t70 TAPE P E L  
D I O D E  BAS45 F E L  
TRANSISTOR, FET E F 5 P Z  PEL 
TRANSISTOR BClJ50 TAPE PEL 

DIODE BAS45 P E L  

5 3 2 2  111 9 0 1 1 1  
4 8 2 2  111 9 0 3 5 7  
4 8 2 2  111 9 0 1 5 4  
4 8 2 2  111 9 0 3 5 7  
4 5 2 2  111 9 0 3 5 7  

5 3 2 2  1 1 6  5 0 4 1 7  
5 3 2 2  1 1 6  5 0 5 2 1  
5 3 2 2  111 9U106 
4822 111 9 6 2 4 9  
5 3 2 2  111 9 0 1 1 1  

G822 111 9 0 1 6 2  
4 8 2 2  111 9 0 2 4 9  

4 5 2 2  111 9 0 1 5 1  
4 8 2 2  111 9 0 5 6 8  

4 3 2 2  1x1 9 0 2 0 2  
4 8 2 2  111 9 0 2 4 9  
4 5 2 2  111 3 0 1 9 6  

G822 111 9 0 1 9 6  

4 8 2 2  111 3 0 2 0 2  
5 3 2 2  111 9 0 0 9 2  
5 3 2 2  111 9 0 6 9 2  
4 9 2 2  111 9 5 2 0 2  
$822 111 9 0 1 9 7  

4 5 2 2  111 9 0 1 5 7  
4 5 2 2  111 9 0 2 4 9  
5 3 2 2  111 9 0 0 9 2 -  
5 3 2 2  111 9 0 0 9 2  
5322 1 1 6  5 5 5 4 9  

4 3 2 2  1 1 6  5 1 2 7 9  

4 8 2 2  111 9 0 2 4 9  

5 3 2 2  111 9 0 1 0 1  

5 3 2 2  1 1 6  5 5 2 7 9  
5322  1 1 6  5 1 7 8 5  
4 8 2 2  1 1 C  5 1 2 6 8  
4 3 2 2  1 1 6  5 1 2 6 9  

5 3 2 2  1 1 6  5 1 7 8 5  
4 8 2 2  1 1 6  5 1 2 5 3  
5 3 2 2  1 1 6  5 3 1 7 4  
4822  1 1 0  7 2 2 0 1  
5 3 2 2  1 1 6  5 1 7 0 3  

5 3 2 2  1 1 6  5 1 7 7 8  
5 3 2 2  1 1 6  5 3 1 7 5  
5 3 2 2  1 1 6  5 3 1 7 1  
4 5 2 2  1 1 6  5 1 2 5 3  
5 3 2 2  1 1 6  5 4 6 3 7  

4 8 2 2  1 1 4  5 1 2 6 8  
4 8 2 2  1 1 6  5 1 2 6 8  
4 8 2 2  1 1 6  5 1 2 6 5  
4 8 2 2  114 5 1 2 6 8  
5 3 2 2  1 1 6  5 0 4 5 2  

5 3 2 2  1 1 6  5 5 5 4 9  
4 8 2 2  1 1 5  5 1 2 3 4  

5 3 2 2  1 3 0  4 4 8 7 5  
5322  130 4 4 3 3 5  

5 3 2 2  1 3 0  4 2 1 4 5  
5 3 2 2  1 3 0  3 2 2 5 6  
5 3 2 2  1 3 0  4 4 5 7 5  
5 3 2 2  1 3 0  4 4 3 % 1  
5 3 2 2  130 421rt5 

5322 130 3 ~ 3 3 1  
5 3 2 2  1 3 0  3 4 3 3 1  
5322 1 3 0  3 2 2 5 6  
5322 1 3 0  4 4 8 7 5  
5 3 2 2  130 4 4 3 3 5  



V 6 8 1 7  
V 6 8 1 8  
V 6 8 2 1  
V 6 3 2 2  
V 6 8 2 3  

V 6 8 2 4  
v 6 8 2 5  
V 6 8 2 7  
v 6 8 2 8  
V 6 8 3 1  

V 6 8 3 4  
V 6 8 3 6  
V 6 8 3 7  
V 6 8 3 8  
V 6 8 3 0  

tl 6 E 4 1  
V 6 8 4 2  
V 6 8 4 3  
V 6 8 4 6  
V 6 9 8 1  

V 6 9 0 2  
V 6 9 8 3  
V 690$ 
V 6 9 0 6  
V 6 9 0 7  

V 63C5  
V 6909 
V 6 9 1 1  
V 6 9 1 2  
V 6 9 1 3  
V 6 9 1 4  

T R 4 N S I S T O R  

D I S D E  
T R A N S I S T O R  

T R A N S I S T O R ,  F E T  

T R A N S I S T 0 R 

T R A N S I S T G R  
T R A EJ S I 5 T 0 2 
T R A k i  S I5 T O R 
T R F, N S I 5 T 0 R 
D I O D E  

D I O D E  
T R A K S  I S  T fl R 
T R A t4 S I S T 0 R 
D I O D E  
T RA II S I S T  O R  

T R A N S I S T O R  
TR ?.?IS I S T U Z  
D I O D E  
T R A N S I S T O R  
D I O D E  

D I O D E  
T R A N S I S T O R ,  F E T  
T R A N S I S T O R ,  F E T  
T R A N S I S T O R ,  F E T  
T K A N S I S T U Z ,  FET 

T R R N S I S i 3 2 , F E T  
T R >, r: s i s T O 2  
T R A N S I S T O R ,  F E S  
T R A ! 4 J I S T O R ,  F E I  
TRANS ISTCirZ, FET 
D I O D E ,  R E F E R E N C E  

10.5.5 MISCELLANEOUS 

B F R 9 2 R  P E L  
BFP.92 P E L  
E A V 7 0  T A P E  FEL  
BFR92R P E L  
BFS2O P E L  

E C W 3 3 R  T A P E  F E L  
BCLJ33R T G F E  P E L  
BClJ30R T A V E  P E L  
ECLISOF: T A P E  P F L  
B A V 7 0  T A P E  P E L  

B A N 5 6  T A P E  P E L  
B F S 2 0 R  P E L  
BF’i 92 P E L  
i i A V 9 9  T A P E  P E L  
B F Q 1 9  P E L  

i 3 S R 5 6  PEL 
DSES6 PEL 
BAV70 T A P E  P E L  
B C K 3 0  T A P E  PEL 
B AN6 2 P E l  

3 A 2 5  2 P E L  
B S V S l  P E L  
BSV81 P E L  
BSV30 P E L  
B S ’ J B O  P E L  

3 s v e t r ’  P E L  
SC552B P E L  
BSV81 P E L  
BS!’BO F E L  
asveo  F E L  

B Z X 7 9 - C 3 V 1  PEL 

K 6 6 0 1  CONTACT,RE€!I R I 2 3 - S I  
K 6 8 0 2  C!?GTACT,KEED R I Z D - 5 1  
K 68G3 C O N I A C T , R E E D  R I 2 0 - S I  
L 6 8 0 4  C O t I T A C T p R E E D  R I 2 0 - S I  
K 690L..K6906 reed r e l a y  c o i l  5V 

5 3 2 2  130  (94606 
5 3 2 2  130 4 2 1 4 5  
5 3 2 2  130  3 4 3 3 1  
5 3 2 2  130  4 4 6 0 6  
5 3 2 2  130 42718  

5 3 2 2  130 4 4 3 4 2  
5 3 2 2  130 4 4 3 4 2  
5 3 2 2  130  4 4 3 4 1  
5 3 2 2  130  4 4 3 4 1  
5 3 2 2  130 3 4 3 3 1  

5 3 2 2  1 3 0  3 0 6 9 1  
5 3 2 2  130  4 4 1 7 7  
5 3 2 2  130  4 4 7 1 1  
5 3 2 2  130  3 4 3 3 7  
4 8 2 2  130 4 2 3 5 4  

4 8 2 2  130  4 2 6 3 3  
4 8 2 2  130  4 2 6 3 3  
5 3 2 2  130 3 4 3 3 1  
5 3 2 2  130  4 4 3 3 5  
4 8 2 2  130 3 0 6 1 3  

4 8 2 2  130 3 0 6 1 3  
5 3 2 2  130 4 4 0 4 1  
5 3 2 2  130 4 4 0 4 1  
5 3 2 2  130 3 4 0 4 4  
5 3 2 2  130  3 4 0 4 4  

5 3 2 2  130  3 4 0 4 4  
4 5 2 2  1 5 0  4 4 1 9 7  
5 3 2 2  130  44‘041 
5 3 2 2  130 3 4 0 4 4  
5 3 2 2  130 3 4 0 4 4  

4 8 2 2  130 3 0 8 6 2  

5 3 2 2  280 2 4 1 3 5  
5 3 2 2  280  2 4 1 3 5  
5 3 2 2  280 Z’i135 
5 3 2 2  280 2 4 1 3 5  
5322 280 10175 

5-32 2 X , Q ~  20 i ~ r j ”  
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11. C I R C U I T  DESCRIPTION OF MTB/DTB EXTERNAL TRIGGER U N I T .  

~- 11.1. C I R C U I T  DESCRIPTION OF MTB EXTERNAL T R I G G E R  INPUT ( S e e  f i g . 1 1 . 2 . )  

The c o n t r o l  s i g n a l s  f o r  t h i s  u n i t  come f rom D7003 on t h e  a d a p t a t i o n  
u n i t .  
The MTB t r i g g e r  i n p u t  u n i t  i s  Similar  t o  t h e  v e r t i c a l  a t t e n u a t o r  u n i t  
e x c e p t  t h a t  t h e r e  a r e  o n l y  two d i f f e r e n t  a t t e n u a t o r  p o s i t i o n s ,  xO,2 
and xO,O2. C o n s e q u e n t l y ,  t h e  MTB T R I G  o r  X DEFL i n p u t  s o c k e t  i s  
coup led  t o  two h . f .  p a t h s  and one  1 . f .  p a t h .  
A l t e r n a t i v e l y ,  a L I N E  i n p u t  s i g n a l  can  be s w i t c h e d  v i a  FET V4739 t o  
p r o v i d e  t r i g g e r i n g  o r  X d e f l e c t i o n .  

The two h . f .  p a t h s  have  no i n p u t  s w i t c h i n g  r e e d  r e l a y  c o n t a c t s .  
The xO,2 a t t e n u a t o r  c o n s i s t s  of  t h e  L-network C4701, R4701, R4702, 
C4702 i n  t h e  g a t e  c i r c u i t  of FET V4701. 
A l o g i c  low c o n t r o l  s i g n a l  on t h e  b a s e  of  t h e  b a s e  o f  V4728 c a u s e s  
t h i s  t r a n s i s t o r  t o  c o n d u c t ,  which t u r n s  on s o u r c e- f o l l o w e r  FET V4701. 
In t u r n ,  V4703 c o n d u c t s  and t h e  s i g n a l  i s  pas sed  v i a  s w i t c h i n g  d i o d e  
V4704 t o  t h e  summation a m p l i f i e r  V4709, V4711. 
The l o g i c  low c o n t r o l  s i g n a l  i s  a l s o  a p l i e d  t o  a s w i t c h i n g  n e t w o r k ,  
V4719, V4721, V4722, which p r o v i d e s  t h e  c o l l e c t o r  l o a d  v i a  d i o d e  
V4727 f o r  V4709 i n  t h e  xO,2 p o s i t i o n .  The xO,2 g a i n  a d j u s t  i s  R4751.4 
The xO,O2 a t t e n u a t o r  c o n s i s t s  of  a d o u b l e  L-network C4707, R4708, 
R4709, C4708, and R4711, C4709, R4712, C4711 i n  t h e  ga te  c i r c u i t  o f  
FET V4706. The c o n t r o l  and s w i t c h i n g  c i r c u i t s  (V4731, V4726, V4724, 
V4723) a re  i d e n t i c a l  t o  t h e  xO,2 p o s i t i o n  s e c t i o n .  When t h e  xO,O2 
p o s i t i o n  i s  s e l e c t e d ,  t h e  g a i n  ad jus tmen t  i n  t h e  c o l l e c t o r  l o a d  of 
V4709 i s  t h e  V4753. 

The 1 . f .  p a t h  i s  connec ted  v i a  r e s i s t o r  R4777 t o  t h e  AC/DC s w i t c h  
K4701, which  i s  c o n t r o l l e d  by a r e e d  r e l a y  i n  t h e  c o l l e c t o r  o f  
t r a n s i s t o r  V4748. 
The a .c .  p a t h  i s  v i a  C4742 ( two s e r i e s  c a p a c i t o r s  t o  r e d u c e  l e a k a g e )  
and C4743 i n  series.  Reversed d i o d e s  V4732 ,  V4733 t o  e a r t h  p r o v i d e  
i n p u t  p r o t e c t i o n .  With e x t e r n a l  t r i g g e r i n g  s e l e c t e d ,  FET V4734 i s  o f f  
and  FET V4736 i s  on .  The 1 . f .  o r  d . c .  s i g n a l s  are  t h e r e f o r e  f ed  v i a  
V4736 t o  p i n  2 o f  o p e r a t i o n a l  a m p l i f i e r  N4701, t o g e t h e r  w i t h  t h e  
f e e d b a c k  s i g n a l  f rom t h e  o u t p u t  v i a  R4761, R4783 and C4748 i n  t h e  xO,2 
p o s i t i o n ;  a l s o  v i a  R4784//R4785 and C4749 i n  xO,O2 p o s i t i o n  as V 4 7 3 7  
and V4738 a re  c o n d u c t i n g  ( d i o d e  V4746 b locked  by l o g i c  hi'gh from 
N4702/1) .  
The o u t p u t  on p i n  6 o f  t h e  o p e r a t i o n a l  a m p l i f i e r  N4701 i s  a p p l i e d  v i a  
t h e  b a s e  o f  b u f f e r  a m p l i f i e r  V4713 t o  t h e  summation a m p l i f i e r  
V4711/V4709. Here, t h e  h . f .  s i g n a l  and 1 . f .  s i g n a l s  recombine.  Th i s  
r e c o n s i t u t e d  i n p u t  s i g n a l  i s  a p p l i e d  t o  V4717 and emi t te r  f o l l o w e r  
V4718 which  t o g e t h e r  form t h e  low- impedance o u t p u t  d r i v e r  s t a g e .  This 
d r i v e r  s t a g e  f e e d s  t h e  MTB t r i g g e r  c i r c u i t  on t h e  s i g n a l  u n i t  v i a  a 
c o a x i a l  c a b l e .  

l -  
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When L I N E  T R I G  i s  s e l e c t e d ,  t h e  EXT T R I G  i s  i n h i b i t e d  by t h e  L I N E  
c o n t r o l  s i g n a l  a p p l i e d  t o  i n p u t s  9 and  1 2  o f  o p e r a t i o n a l  a m p l i f i e r s  
N4702: 
- The L I N E -  o u t p u t  on N4702-8 c u t s  o f f  t h e  h . f .  p a t h  FETs V4701 and 

V4706 v i a  s w i t c h i n g  d i o d e s  V4729. T h i s  o u t p u t  a l s o  s w i t c h e s  o f f  t h e  
1.f. p a t h  FET V4736 v i a  d i o d e  V4744. 
T r a n s i s t o r  V4714 ( s w i t c h e d  on i n  L I N E  t r i g g e r  mode) e n s u r e s  t h a t  
t h e  c i r c u i t  d . c .  b a l a n c e  i s  m a i n t a i n e d  by t a k i n g  o v e r  t h e  
c u r r e n t  from t h e  s w i t c h i n g  d i o d e s  V4704. 

- t h e  L I N E  o u t p u t  on N4702-14 s w i t c h e s  on FET V4734 t o  s h o r t  c i r c u i t  
t h e  1 . f .  s i g n a l  t o  e a r t h  v i a  d i o d e  V4743. The L I N E  c o n t r o l  s i g n a l  
a l s o  s w i t c h e s  on FET V4739 t o  p r o v i d e  a L I N E  T R I G  s i g n a l  p a t h  
v i a  i t s  s o u r c e ,  V4738 and R4783 t o  t h e  o u t p u t .  A p a r a l l e l  p a t h  i s  
a l s o  p rov ided  v i a  R4784//R4785. 

The s o u r c e- d r a i n  c a p a c i t a n c e  of FET V4738 ( s w i t c h e d  o f f  i n  t h e  xO,2 
p o s i t i o n )  i s  p r e v e n t e d  f rom g i v i n g  c r o s s - t a l k  by  t h e  c i r c u i t  V4742 and 
FET V4741. I n  t h e  xO,2  p o s i t i o n ,  a - 14 V o u t p u t  on N4702-1 t u r n s  on 
V4742 and t h u s  FET V4741, which c lamps  t h e  d r a i n  t o  e a r t h .  

1 1 . 2 .  C I R C U I T  D E S C R I P T I O N  OF DTB EXTERNAL TRIGGER INPUT ( S e e  f i g . l l . 3 . )  

The c o n t r o l  s i g n a l s  f o r  t h i s  u n i t  come f rom D7003 on t h e  a d a p t a t i o n  
u n i t .  
The DTB t r i g g e r  i n p u t  u n i t  i s  a l m o s t  i d e n t i c a l  t o  t h e  MTB . t r i g g e r  
i n p u t  u n i t  e x c e p t  t h a t  t h e r e  i s  no  L I N E  TRIG i n p u t .  The re  are two 
d i f f e r e n t  a t t e n u a t o r  p o s i t i o n s ,  xO,2 and xO,O2. C o n s e q u e n t l y ,  t h e  DTB 
T R I G  i n p u t  s o c k e t  i s  c o u p l e d  t o  two h . f .  p a t h s  and one  1 . f .  p a t h .  The 
two h . € .  p a t h s  have no i n p u t  s w i t c h i n g  w i t h  r e e d- r e l a y s .  

The xO,2 a t t e n u a t o r  c o n s i s t s  o f  t h e  L-network C4801, R4801, R4802,  
C4802 i n  t h e  g a t e  c i r c u i t  of  FET V4801. 
A l o g i c  l ow  DTB c o n t r o l  s i g n a l  on t h e  b a s e  o f  V4828 c a u s e s  t h i s  
t r a n s i s t o r  t o  c o n d u c t ,  which t u r n s  on s o u r c e- f o l l o w e r  FET V4801. In 
t u r n .  V4803 c o n d u c t s  and t h e  s i g n a l  i s  pas sed  v i a  d i o d e  V4804 t o  t h e  
summation a m p l i f i e r  V4809, V4811. 
The l o g i c  low c o n t r o l  s i g n a l  i s  a l s o  a p p l i e d  t o  a s w i t c h i n g  n e t w o r k ,  
V4819, V4821, V4822, which p r o v i d e s  t h e  c o l l e c t o r  l o a d  v i a  d i o d e  
V4827 f o r  V4809 i n  t h e  x 0 , 2  p o s i t i o n .  The xO,2 g a i n  a d j u s t  i s  R4851. 
The xO,O2 a t t e n u a t o r  c o n s i s t s  of a d o u b l e  L- network C4807, R4808, 
R4809, C4804, and R4811, C4809, R4812, C4811 i n  t h e  g a t e  c i r c u i t  o f  
FET V4806. The c o n t r o l  and s w i t c h i n g  c i r c u i t s  (V4831, V4826, V4824, 
V4823) are  i d e n t i c a l  t o  t h e  x 0 , 2  p o s i t i o n .  When t h e  xO,O2 p o s i t i o n  is  
s e l e c t e d ,  t h e  g a i n  a d j u s t m e n t  i n  t h e  c o l l l e c t o r  l o a d  o f  V4809 i s  t h e n  
R4853. 

The 1 . f .  p a t h  i s  c o n n e c t e d  v i a  r e s i s t o r  R4877 t o  t h e  AC/DC s w i t c h  
K4801, which i s  c o n t r o l l e d  by a r e e d  r e l a y  i n  t h e  c o l l e c t o r  o f  
t r a n s i s t o r  V4848. 
The a.c. p a t h  i s  v i a  C4842 ( two se r ies  c a p a c i t o r s  t o  r e d u c e  l e a k a g e )  
and C4843 i n  se r ies .  Reversed  d i o d e s  V4832, V4833 t o  e a r t h  p r o v i d e  
i n p u t  p r o t e c t i o n .  
The 1 . f .  o r  d . c .  s i g n a l s  are f e d  t o  p i n  2 o f  o p e r a t i o n a l  a m p l i f i e r  
N4801, t o g e t h e r  w i t h  t h e  f e e d b a c k  s i g n a l  f rom t h e  o u t p u t  v i a  R4861, 
R4883 and C4848 i n  t e  x 0 , 2  p o s i t i o n ;  a l s o  v i a  R4884//R4885 and C4849 
i n  p o s i t i o n  xO,O2 a s  V4837 and V4838 are  c o n d u c t i n g  ( d i o d e  V4846 
b locked  by l o g i c  h i g h  f rom N4802).The o u t p u t  on p i n  6 o f  t h e  
o p e r a t i o n a l  a m p l i f i e r  N4801 i s  a p p l i e d  v i a  t h e  b a s e  o f  b u f f e r  
a m p l i f i e r  V4813 t o  t h e  summation a m p l i f i e r .  Here, t h e  h . f .  s i g n a l  and 
1.f. s i g n a l s  recombine .  
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T h i s  r e c o n s i t a t e d  i n p u t  s i g n a l  i s  a p p l i e d  t o  t h e  V4817 and e m i t t e r  
f o l l o w e r  V4818 which  t o g e t h e r  form t h e  low- impedance o u t p u t  d r i v e r  
s t a g e .  
The s o u r c e- d r a i n  c a p a c i t a n c e  of FET V4838 ( s w i t c h e d  o f f  i n  t h e  xO,2 
p o s i t i o n )  i s  p r e v e n t e d  from g i v i n g  c r o s s - t a l k  by  t h e  c i r c u i t  V4842 and 
FET V4841 .  In t h e  xO,2 p o s i t i o n ,  a -14 V o u t p u t  on N4802-1 t u r n s  on 
V4842 and t h u s  FET V 4 8 4 1 ,  which c lamps  t h e  d r a i n  t o  e a r t h .  















- 

12- 1 

1 2 .  CIRCUIT DESCR.IPTION OF ADAPTATION U N I T  ( s e e  f i g . 1 2 . 2 . )  

The a d a p t a t i o n  u n i t ,  connec ted  t o  t h e  se r ies  HEF-bus, s e r v e s  as t h e  
c o n t r o l  u n i t  f o r  t h e  v e r t i c a l  A ,  B ,  and EXT i n p u t  u n i t s ,  which o p e r a t e  
a t  5 V TTL. It c o n v e r t s  t h e  12  V s e r i a l  bus i n p u t  from t h e  CPU t o  5 V 
i n p u t  and then  back  t o  12 V f o r  t h e  o t h e r  u n i t s  on t h e  mother board 
and t i m e  b a s e .  The u n i t  compr i ses  a high- to- low v o l t a g e  t r a n s l a t o r  
D7004, which r e c e i v e s  t h e  12 V l e v e l  s i g n a l s  DATA 2 ,  ENSCP and SERCLK 
i n  s e r i a l  form from t h e  CPU. T h i s  i s  conver ted  t o  5 V and rou ted  on 
t h e  a d a p t a t i o n  u n i t  t h r o u g h  t h e  s e r i a l  d a t a  i n l p a r a l l e l  d a t a  o u t  HEF- 
b u s  d e c o d e r s  D7001 and D7002. Decoder D7001 c o n t r o l s  t h e  f u n c t i o n s  f o r  
t h e  c h a n n e l  A i n p u t  a t t e n u a t o r .  D7002 does  t h e  same f o r  channe l  B. The 
s e r i a l  DATA o u t  s i g n a l  from D7002 i s  t h e n  fed  t o  t h e  low- to-high 
v o l t a g e  t r a n s l a t o r  D7006, which s e n d s  i t  on t h e  DATA5 l i n e  a t  12  V 
l e v e l  t o  t h e  mother board .  
A f t e r  s e r v i n g  t h e  1 2  V u n i t s  on t h e  mother board and t i m e  b a s e ,  t h e  
s e r i a l  d a t a  i s  r e t u r n e d  t o  t h e  a d a p t a t i o n  u n i t  on DATA8 and a g a i n  
c o n v e r t e d  i n t o  5 V i n  D7004 t o  s e r v e  D7003, t h e  l a s t  I C  of  t h e  HEF- 
b u s .  D7003 c o n t r o l s  t h e  MTB/DTB e x t e r n a l  t r i g g e r  i n p u t .  The p a r a l l e l  
o u t p u t s  of t h e  HEF-bus u n i t s ,  D7001, D7002 and D7003 appear  on p i n s  4 ,  
5 ,  6 ,  7 ,  1 4 ,  1 3 ,  1 2 ,  11 w i t h  t h e  s w i t c h i n g  and rang ing  f u n c t i o n s  as 
shown on t h e  d iagram.  









12-5 

1 2 . 1  PARTS L I S T  

In  t h i s  s e c t i o n  0nl.y e l e c t r i c a l  p a r t s  p r e s e n t  on t h i s  u n i t  are l i s t e d .  
Mechanical p a r t s ,  i n c l u d i n g  c a b l e s  and 
s e c t i o n  28. 

SUBJECT TO ALTERATION WITHOUT NOTICE 

1 2 . 1 . 1  CAPACITORS 

POSNR DESCRIPTION 
C 7001 CAP.FOIL 6 3 V  1 0 %  l O O N F  
C 70172 CAP.FOIC 6 3 V  1 0 %  l00NF 
C 7003 CAP.FOIL 6 3 V  10% 1 O B N F  
C 7 0 0 4  CAP.FOIL 63V 10% 10Oi:F 

C 3006  CAP.FOIL 63V 1 0 %  lO0NF 
C 7007 CAP.FCIL 63V  1 O X  10ONF 
C 7005 CAP.FOIL 63'4 10% 1OO:lF 
C 7009 CAP.FUIL 63V 10% 1OONF 
C 7011 Cr"?.FOIL 6 3 V  10% 100NF 

C 7012 CAP.FOIL 6 3 v  10% ~ O O E ~ F  
C 7 0 1 3  CAP.ELECTROLYT. -10+50% G P U i  
c 7 0 1 4  CAP.ELECTROLYT. -1asjox 6BUF 
C 7016 CAP.ELECT2DLYT. -10+50% 6 S U F  

1 2 . 1 . 2  INTEGRATED C I R C U I T S  

12.1 .3  

D 7001 1NTEGR.CIRCUIT MEFG094DP PEL 
D 7002 It4TEOR.CIRCUIT E E F 6 0 9 4 C P  PEL 
D 7003 INTEGR.CTRCUI7 HEF409GBP PEL 
D 7 0 0 4  1NTEGR.CIRCUIT HEF4050BP PEL 
D 7006 1NTEGR.CIRCUIT H E F 4 i 0 4 D P  FEL 

RESISTORS 

R 7001 FOTH,TRI IKW m P i c  20% I C K  
R 7 0 6 2  R E S . t i E T A L  FILM M425 1% 511K 
R 70Cj RES.riE7AL F I L P I  P1X25 1% 21K5 

R 7 0 e ' i  POTll.TRIKMEK MTPPO 20% 1 0 K  
R 7005 Ri'S.METAL FILM bIR25 1% 1K21 
R 7006 R E S . r l E T A L  F I L M  PTR25 1% 511K 
R 7007 R E S . H E T A L  FILM MR25 1% 21K5 
R 7G08 RE's.NETISL FlLPi PIR25 1% 1 0 E  

R 7 0 0 9  RES.P~ETAL FrLte M R Z ~  I %  1 0 E  

12 .1 .4  SEMI CONDUCTORS 

V 7001 DIODE,REFERENCE BZX79-C5V1 PEL 

12.1.5 MISCELLANEOUS 

L 7001 COIL 1500UE-I TDK 
L 7002 COIL 6 8 0 il I-i T i)K 

c o n n e c t o r s ,  are g i v e n  i n  

OEDERING CODE 
5322 1 2 1  42386 
5322 121 42386 
5322 121 42386 
5322 121 42386 

5322 121 4 2 3 8 6  
5322 121 4 2 3 5 6  
5322 121 42366 
5322 121 42386 
5322 121 4 2 3 8 6  

5322 1 2 1  42386 
4622 1 2 4  20689 
4822 124 20689 
4822 1 2 4  20689 

5322 2 0 9  1 4 4 8 5  
5322 209 14455 
5322 2 0 9  14405 
i t 822  209 10261 
4822 209 1 0 2 7 3  

5322 101 1 4 0 6 6  
5322 116 55258 
5322 116 50451 

5322 101 14066 
5322 116 54557 
5322 116 55258 
5322 1 1 6  50451 
5322 116 50452 

5322 116 5 0 4 5 2  

4 8 2 2  130 34233 

4 8 2 2  156 21293 
5322 157 52364 


































































































































































































































































































































































































