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T R O U B L E S H O O T I N G T E C H N I Q U E S A N D P R O C E D U R E S 

T o the t e c h n i c i a n s , good t roub leshoot ing t e chn iques a r e l i k e money in the pocke t . Thougn 

t e c h n i c i a n s m a y use d i f f e r en t methods for t roub leshoo t ing , mos t o f the b e t t e r ones have a 

de f ined , r epea tab l e p a t t e r n or t e chn ique t h a t they use when t roub leshoo t ing . T h e best 

t roub leshooters r e l a t e the v i s u a l s y m p t o m s and the f r on t pane l c on t r o l s to the s y s t e m s 

and c i r c u i t r y w i t h i n the f au l t y i n s t r u m e n t . A r m e d w i t h the unders tand ing of these 

r e l a t i onsh ips , they pe r f o rm the major por t i on of t h e i r t roub leshoot ing f r om the f ron t 

pane l , using f r on t and r e a r pane l c onnec t o r s for a c c e s s to i n t e r n a l c i r c u i t r y . 

F u r t h e r m o r e , they do most of t h e i r ma jor t roub lehsoo t ing w i thou t r emov ing the cove r 

f r om the i n s t r u m e n t and w i thou t us ing a lo t o f bu lky t e s t equ ipment . T h e y use the t e s t 

equ ipment only a f t e r they have d e t e r m i n e d w h i c h f u n c t i o n a l b lock w i t h i n the un i t is 

f a u l t y . 

Good t roub leshoot ing procedures c a n c u t your t roub leshoot ing t i m e in h a l f . Through 

p r a c t i c e , these procedures w i l l become " s econd n a t u r e " , then you c a n f ocus more on the 

s ymp toms of the f a u l t y i n s t r u m e n t and less on the a c t u a l methods or procedures of 

t roub leshoot ing . T h e f o l l ow ing is a n ou t l ine of t h e 8 B a s i c Steps for T roub l e shoo t ing ; 

Someth ing to r e m e m b e r as you l e a r n and use these p rocedures ; Do  

not r emove the c o v e r f r o m the i n s t r u m e n t u n t i l you have i s o l a t ed the 

f a u l t to a s e c t i on and/or b lock or u n t i l you have made a l l o f the t e s t s 

tha t you c a n f r om outs ide the i n s t r u m e n t . T h e c ove r w i l l p r e v e n t 

d i s t r a c t i o n s and w i l l r educe bad hab i t s of h a p h a z a r d t roub leshoo t ing 

as you f o l l ow the p rocedures . 
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T R O U B L E S H O O T I N G T E C H N I Q U E S A N D P R O C E D U R E S 

1. S Y M P T O M R E C O G N I T I O N - Note any i r r e g u l a r i t i e s i n the d isp lay and in any other 

i nd i ca t o r s on the i n s t r u m e n t . " M i l k " the f r on t pane l ; no t i c e how the f ron t pane l 

con t ro l s e f f e c t the d isp lay and i n d i c a t o r s . No t i c e any i n t e r a c t i o n be tween the f ront 

pane l c on t ro l s t h e m s e l v e s , and then be tween the c on t r o l s and d i sp lay . T h i s s tep is 

much l i k e a p e r f o r m a n c e c h e c k . R e m e m b e r , wh i l e p e r f o rm ing th i s s t ep , i t is jus t as 

i m p o r t a n t to r e cogn i z e and no te proper ope ra t i on as i t is for f a u l t y s y m p t o m s . 

2. S Y M P T O M E L A B O R A T I O N - A g a i n , " r n i l k " the f ront pane l . Deve lop the s ymptoms 

thorough ly . Use the f r on t pane l c on t r o l s to f ind those hidden c lues and s ymp toms 

t h a t may be the k ey to unders tand ing the f a u l t . Use the connec to r s on the f ront and 

r e a r panels to ga in more i n f o r m a t i o n , us ing s i gna l i n j e c t i on and w a v e f o r m t e s t i n g . It 

s ome t imes helps to r e co rd the r e s u l t s of your t e s t ing to a l l ow r e p e a t a b i l i t y of the 

t e s t s and to avo id con fus ion as you t roub leshoot f u r t h e r . 

3 . S Y M P T O M V E R I F I C A T I O N - A f t e r you have worked out the de ta i l s o f the s ymp toms 

and ind i ca t i ons of the f a u l t , v e r i f y t h e m . R e p e a t the opera t i ons and func t i ons of the 

i n s t r u m e n t t h a t gave you f a u l t y s y m p t o m s dur ing the f i r s t two s t eps . T h i s assures 

the r e p e a t a b i l i t y of f a u l t s y m p t o m s and v e r i f i e s the proper ope ra t i on tha t you noted 

in the prev ious s t eps . P e r f o r m a n c e o f th i s s t ep w i l l d e c r ease the poss ib i l i t y of some 

of those ins id ious " o p e r a t o r " e r r o r s t h a t c a n be so c o s t l y to the t e c h n i c i a n wh i l e 

t roub leshoot ing . 

4. I S O L A T E T H E F A U L T Y S E C T I O N / A S S E M B L Y - I f you have pe r f o rmed the f i r s t th r e e 

steps c o r r e c t l y , you now have the i n f o r m a t i o n you need for th i s s t e p . In e ssence , 

tnese s teps a r e p e r f o rmed c o n c u r r e n t l y . B y e l i m i n a t i n g the s ec t i ons of the 

i n s t r u m e n t t h a t a r e ope ra t ing p rope r l y , you c a n de r i v e the possio le f a u l t y s e c t i ons . 

Use tne f ron t pane l con t ro l s to f u r t h e r e l i m i n a t e the "good" s e c t i ons and to c o l l e c t 

i n f o rma t i on t h a t c a n he lp to i s o l a t e the f a u l t . Use the f r on t and r ea r pane l 

connec to r s for s i gna l i n j e c t i on and w a v e f o r m t e s t i n g . R e m o v e the i n s t r u m e n t cove r 

and m a k e a thorough v i s u a l i nspec t i on of any suspec t ed a r e a s . Make w a v e f o r m and 

vo l tage m e a s u r e m e n t s a t po ints t h a t would d i v ide the suspec t ed s e c t i o n into equa l 

h a l v e s . Use o ther t e s t i ng t e chn iques , such as " c ommon mod ing " and "p lug - in 

swapp ing " to i s o l a t e the f au l t y s e c t i o n . 
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T R O U B L E S H O O T I N G T E C H N I Q U E S A N D P R O C E D U R E S 

5. I S O L A T E T H E F A U L T Y B L O C K - Now t h a t you have l o ca t ed the f au l t y s e c t i on , 

con t inue to break i t into s m a l l e r poss ib le f a u l t y b locks through a s y s t e m of 

" s u c c e s s i v e a p p r o x i m a t i o n " t e chn i ques . Make your w a v e f o r m and vo l tage 

m e a s u r e m e n t s a t the a p p r o x i m a t e midpo in ts of the suspec t ed f a u l t y s e c t i o n . I f the 

m e a s u r e m e n t s a r e c o r r e c t , the f a u l t is probably behind the m e a s u r e m e n t po int . I f 

the m e a s u r e m e n t is i r r e g u l a r or f a u l t y , the f a u l t is probably be fore the m e a s u r e m e n t 

po int . Con t inue to t e s t and m e a s u r e u n t i l you have i s o l a t ed the f a u l t to a func t i ona l 

b lock . R e m e m b e r , to con t inuous l y use the f r on t pane l d i sp lay and ind i ca to r 

s ymptoms as you p roceed . 

In those i n s t r u m e n t s t h a t have p lug- in modules , t roub leshoot by p lug- in swapp ing . In 

i n s t r u m e n t s t h a t have c i r c u i t boards ( t ha t a r e e a s i l y e xchanged ) , i s o l a t e the f a u l t by 

board and assemb ly swapp ing . J u s t r e m e m b e r , w i t h e i t h e r of these methods , a l w a y s 

r ep l a c e the boards and assemb l i e s a f t e r you have l o ca t ed the f a u l t . 

6. I S O L A T E T H E F A U L T Y C I R C U I T - M a k e w a v e f o r m and vo l t age m e a s u r e m e n t s a t the 

a p p r o x i m a t e midpo ints of the f u n c t i o n a l b locks to f u r the r i s o l a t e the f a u l t . Use 

s p e c i a l t e chn iques , such as shor t ing the input to the de lay l i n e , to b reak the b lock up 

into i t s i nd i v i dua l c i r c u i t s . S tudy c i r c u i t s c h e m a t i c s and c a l i b r a t i o n procedures 

c l o se l y for any h in t s w h i c h v e r i f y the suspec t ed f a u l t y c i r c u i t s . P e r f o r m a n c e c h e c k s 

in the s e r v i c e m a n u a l s a r e o f t en he lp fu l a t th i s po int . 

7. I S O L A T E T H E F A U L T Y C O M P O N E N T - A f t e r you have i s o l a t ed the suspec t ed 

c i r c u i t , m a k e a thorough v i s u a l i nspec t i on of the a r e a s . I f you should spot a burned or 

opened component , don ' t s top t h e r e . Bu rned and open components a r e o f t en only 

s ymptoms of ano the r , more r e a l p rob lem of the c i r c u i t . 

I s o l a t e the f au l t y component by m a k i n g w a v e f o r m , v o l t a g e , and r e s i s t a n c e 

m e a s u r e m e n t s in the c i r c u i t . C u r r e n t m e a s u r e m e n t s a r e a lso he lp fu l in l o ca t ing 

f a u l t y components , e s p e c i a l l y in those c a s e s w h e r e t h e r e a r e o ther burned 

components in the c i r c u i t . T roub l eshoo t the c i r c u i t by component subs t i tu t i on in 

those c i r c u i t s where i t c a n be done n o n - d e s t r u c t i v e l y . Use s p e c i a l t e chn iques , such 

as " p i g gy -back ing " and " s w a m p i n g " for t roub leshoo t ing those c i r c u i t s in w h i c h i t is 

i m p r a c t i c a l to swap components . 



T R O U B L E S H O O T I N G T E C H N I Q U E S A N D P R O C E D U R E S 

S. R E P A I R T H E I N S T R U M E N T A N D V E R I F Y P R O P E R O P E R A T I O N - Use a c c ep t ed 

r epa i r procedures to c o r r e c t the f a u l t . A f t e r the f a u l t has been c o r r e c t e d , pe r f o rm 

the i n s t r u m e n t func t i ons and operat ions w h i c h i nd i c a t ed the o r i g ina l f au l t to v e r i f y 

tha t the prob lem is c o r r e c t e d . I f the i n s t r u m e n t seems to be func t i on ing proper ly , 

P e r f o r m a n c e C h e c k i t as d i r e c t e d in the S e r v i c e I n s t r u c t i o n M a n u a l . C o r r e c t any 

add i t i ona l f a u l t s or m i sad jus tmen t s tha t you f ind dur ing the c h e c k . 
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T R O U B L E S H O O T I N G Y O U R O S C I L L O S C O P E 

F r o n t - P a n e l D iagnos is 

T h e osc i l l oscope is an e x c e l l e n t too l for p rov id ing c lues to f a u l t s w i t h i n i t s e l f . In add i t ion 

to the C R T d i sp lay , the c a l i b r a t o r s i gna l s and the f r on t - pane l i n d i c a t o r s ( t r a c e posit ion 

i nd i ca t o r s , beam t r a c e f inder and p i lo t l i gh ts ) o f t en prov ide s u f f i c i e n t i n f o rma t i on to 

i so la t e the p rob l em. 

For e f f e c t i v e t roub leshoot ing , e x a m i n e the s i m p l e poss ib i l i t i e s be fore proceed ing w i th 

e x t e n s i v e t roub leshoo t ing . T h e f o l l ow ing l i s t prov ides a l o g i c a l sequence to fo l low wh i l e 

t roub leshoot ing . 

1. C h e c k c o n t r o l s e t t ings 

2 . C h e c k a s s o c i a t e d equ ipment 

3 . Make a thorough v i s u a l c h e c k of the i n s t r u m e n t 

4. C h e c k i n s t r u m e n t c a l i b r a t i o n 

5. I s o l a t e t roub le to a block l e v e l 

6. C h e c k vo l tages and w a v e f o r m s 

7. C h e c k ind i v i dua l components 

Obse rv ing the e f f e c t s o f d i f f e r e n t m u l t i - f u n c t i o n s w i t c h pos i t ions c a n do much to ident i f y 

a p rob l em. F o r e x a m p l e , using the second c h a n n e l o f a d u a l - t r a c e un i t c a n c h e c k v e r t i c a l 

c i r c u i t r y up to the po int w h e r e s w i t c h i n g o c c u r s . In the c a s e of a de lay ing -sweep or 

dua l -beam osc i l l o scope , a por t i on of the c i r c u i t r y may be used to d isp lay i n f o r m a t i o n on 

the osc i l l oscope i t s e l f . D e t e c t i n g a prob lem in a l l c i r c u i t s may i n d i c a t e a prob lem in the 

power supply . 

S w i t c h i n g to the e x t e r n a l h o r i z o n t a l input ( X - Y mode) d i s connec t s the sweep and is a 

means of d e t e rm in ing whe the r a prob lem is a s s o c i a t e d w i t h the h o r i z o n t a l a m p l i f i e r or 

sweep genera to r . A t the s a m e t i m e , i t c a n i n d i c a t e the cond i t i on of the unblanking 

c i r c u i t r y . 

Va ry ing the t r i gger s ou r c e s w i t c h b e tween i n t e r n a l and e x t e r n a l t r i g ge r ing c h e c k s the 

t r igger p i cko f f c i r c u i t r y . I f the sweep w i l l f r e e run by ad jus t ing the s t a b i l i t y and t r i gger 

l e v e l c o n t r o l , add i t i ona l c i r c u i t r y may be c h e c k e d . C o m p a r i n g opera t i on in d i f f e r en t 

t r igger modes c a n o f t en l o c a l i z e a prob lem to a s p e c i f i c t r i gge r s t a g e . 

7 



T R O U B L E S H O O T I N G Y O U R O S C I L L O S C O P E 

V e r t i c a l p r e a m p l i f i e r p lug- in un i t s a r e a qu i ck way of c h e c k i n g p e r f o r m a n c e to the 

v e r t i c a l a m p l i f i e r i npu t . Once a prob lem is i s o l a t ed to a s p e c i f i c p lug- in un i t , p lug- in 

c i r c u i t boards ( i f used) , may i s o l a t e the p rob l em even f u r t h e r . Once a prob lem has been 

t r a c e d to a s p e c i f i c b lock , a c l ose v i s u a l c h e c k may p inpo in t the p r ob l em . O f t en t i m e s , 

the t roubleshoot ing job c a n be shor t ened by spo t t ing burned components or loose l eads . 

Another method of s t r e a m l i n i n g t roub leshoot ing procedures is through the subs t i tu t i on 

method . T h i s method can be used a t many l e v e l s of t r oub leshoo t ing . In t roub leshoot ing 

i n s t r u m e n t s w i t h p lug- in modules , i s o l a t e the f a u l t y s u b - s y s t e m by subs t i tu t i ng known 

good plug- ins for those t h a t a r e ques t i onab l e . In those i n s t r u m e n t s t h a t have p lug- in 

boards, board subs t i tu t i on c a n help to q u i c k l y i s o l a t e a f a u l t y boa rd . Subs t i tu t ing the 

plug- in components o f f e r s a qu i ck means of c h e c k i n g a suspec t ed s tage , howeve r , the r e 

a r e some bas i c r u l e s t h a t you must r e m e m b e r and fo l l ow in us ing th is method of 

t roub leshoot ing : 

1. Ensur e tha t you use the proper components , by pa r t number , when s u b s t i t u t i n g . 

2. E n s u r e t h a t the power is r emoved when m a k i n g the s u b s t i t u t i o n , to p r e v en t damage 

to the i n s t r u m e n t and/or to the n ew component . 

3 . B e c a r e f u l when r emov ing and r e p l a c i n g components to avo id p h y s i c a l / m e c h a n i c a l 

damage to the components . 

4. K e e p the number of v a r i a b l e s to a m i n i m u m ; s u b s t i t u t e only one component a t a 

t i m e . I f a new component does not f i x the f a u l t , r e s t o r e the o r i g i na l component in 

the c i r c u i t . 

5. Though s e v e r a l components in a c i r c u i t may have the s a m e par t number , avo id 

i n t e r - c i r c u i t component s w a p s . F a i l u r e to r e t u r n components to t h e i r proper p lace 

w i t h i n a c i r c u i t may r equ i r e a c o m p l e t e c a l i b r a t i o n o f the c i r c u i t . I f components a r e 

r ep l a c ed proper l y , the c i r c u i t m a y r equ i r e only a p e r f o r m a n c e c h e c k and spot 

c a l i b r a t i o n a f t e r the r epa i r i s c o m p l e t e d . 

6. A l w a y s r e t u r n the components to t h e i r o r i g i na l p l aces a f t e r the problem has been 

so l ved . As s t a t e d be fore , th i s w i l l p r e v e n t the ne c e s s i t y of r e c a l i b r a t i n g the en t i r e 

c i r c u i t a f t e r the r epa i r . 
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A f t e r a f f e c t i n g r epa i r s to a c i r c u i t , a l w a y s c h e c k the r e p l a c e m e n t components to insure 

tha t the proper r e p l a c e m e n t s have been used , th i s inc ludes c h e c k i n g the s u f f i x ( las t 2 

numbers ) of the p a r t numoer . I f the s u f f i x numbers a r e not c o r r e c t , the c i r c u i t may s t i l l 

ope ra t e but i t may not c a l i b r a t e p rope r l y . E v e n i f i t c a n be c a l i b r a t e d , ano ther pa rame t e r 

of the d e v i c e may have been s e l e c t e d for ope ra t i on w i t h i n the c i r c u i t , w h i c h may cause 

f a i l u r e or improper opera t i on in l a t e r use of the i n s t r u m e n t . 
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I S O L A T I N G T H E F A U L T Y S E C T I O N 

T h e B a s i c Osc i l l o s cope 

T h e s imp l i f i e d b lock d i a g ram below shows the major components of an osc i l l o scope . To be 

an e f f e c t i v e t roub ieshoote r , you mus t f i r s t unders tand the f u n c t i o n a l opera t i on of the 

sec t i ons and b locks of the osc i l l o scope . Y o u must a l so be ab le to r e l a t e the f ront pane l 

con t ro l s to the d i sp lay , and to the s y s t e m s and c i r c u i t r y w i t h i n the i n s t r u m e n t . 

Throughout the i n s t r u m e n t the r e a r e i n t e r n a l s i gna l paths and i n t e r n a l l y g ene ra t ed s igna ls 

tha t c a n be a c c e s s e d f r o m the c onnec t o r s on the f r on t and r ea r pane l s . Y o u r knowledge , 

and use , of these con t ro l s and por ts c a n be powe r fu l t roub leshoot ing too ls a t your d isposa l . 

Vertical 
Signal 
Inpul 

Attenuator 
Vertical 

Preamplifier 
And Delay Line 

Driver 

L.V. 
Power 

Supplies 

To 
• All 

Blocks 

Trigger 
Circuits 

Delay 
Line 

Trigger 
Pick-off 

Amplifier 

Sweep 
Generator 

Vertical 
Output 

Amplifier 

CRT Circuits 
<ZAxis & H.V.) 

Horizontal 
Amplifier 

C.R.T. 

Vertical 
Deflection 

Plates 

Horizontal 
Deflection 

Plates 

( F i g u r e of B l o ck D i a g r a m ) 
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When t roub leshoot ing a new i n s t r u m e n t , t a k e some t i m e to f a m i l i a r i z e yourse l f w i th the 

block d i a g r a m . Spending a f e w m inu tes w i t h the i n s t r u m e n t ' s I n s t r u c t i o n Manua l c an g ive 

va luab l e ins ight into the ope ra t i on of an i n s t r u m e n t and to the p a r t i c u l a r proo lem that 

may occur in the i n s t r u m e n t . 

T h e f o l l ow ing desc r i p t i on of the B a s i c B l o ck D i a g r a m is not in tended to t e a c h osc i l loscope 

fundamenta l s . I t is m e r e l y in tended to o r i en t you to the s ec t i ons of the osc i l l oscope as 

r epresen ted and used in th i s book. B y r e l a t i n g your knowledge of the osc i l l oscope ' s 

opera t ion w i t h the func t i ons of i t s i n t e r n a l s e c t i ons and b l ocks , you c a n become more 

p ro f i c i en t in i s o l a t ing and r e p a i r i n g f a u l t s w i t h i n most osc i l l o scopes . T h i s is t r u e because 

the bas i c ope ra t ing and func t i ona l p r i n c i p a l s a r e the same for most osc i l l o scopes . 

T h e ab i l i t y to i s o l a t e a f au l t to one of these b locks c ompr i s e s a major por t ion (the f i r s t 5 

s teps ) of the t roub leshoot ing p rocedure as desc r ibed e a r l i e r in th i s book. Be fo re 

t roub leshoot ing , e s t ab l i sh a s t a r t i n g point for w h i c h the d isp lay c a n be both pred i c tab l e 

and r epea tab l e . Se t the f ron t pane l c on t ro l s up as f o l l ows : 

P O W E R C O N T R O L S 

L i n e Vo l tage S e l e c t o r 115V 

P O W E R O N 

C R T C O N T R O L S 

I N T E N S I T Y Midrange (or as des i red ) 

F O C U S B e s t f ocused d isp lay 

S C A L E I L L U M I N A T I O N A s des i r ed 

B I N T E N S I T Y ( i f app l i cab l e ) ivl idrange (or as des i r ed ) 

11 



T R O U B L E S H O O T I N G Y O U R O S C I L L O S C O P E 

V E R T I C A L C O N T R O L S (Bo th channe l s i f app l i c ab l e ) 

V O L T S / D I V 0.5V 

V A R I A B L E C a l i b r a t e d de t en t 

P O S I T I O N Midrange 

A C - G N D - O C D C 

V E R T M O D E C H 1 

I N V E R T O f f 

20MHz BW L I M I T O f f ( F u l l bandwid th ) 

T R I G G E R C O N T R O L S 

M O D E A U T O ( i f app l i cab l e ) 

S L O P E + 

C O U P L I N G D C 

" A " S O U R C E I N T 

" B " S O U R C E S T A R T S A F T E R D E L A Y 

S W E E P C O N T R O L S 

H O R I Z O N T A L D I S P L A Y " A " 

D E L A Y T I M E P O S I T I O N 1.00 

" A " T I M E / D I V 1 m S 

" B " T I M E / D I V .1 mS (100 uS) 

V A R T I M E / D I V C a l i b r a t e d de t en t 

X I 0 M A G O f f 

P O S I T I O N Midrange 

A T R I G G E R HOLDOFF N O R M 
T R A C E S E P A R A T I O N A s des i r ed 

I f you have not y e t r ead the s e c t i o n on T roub l eshoo t ing T e c h n i q u e s and P r o c edur e s , do so 

before cont inu ing in th i s book. 
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T h e Power Supply 

As you c a n see f r om the b lock d i a g r a m , the Powe r Supply prov ides the r equ i r ed operat ing 

po t en t i a l s to a l l s e c t i ons and b locks of the osc i l l o s cope . T h e r e f o r e , a f au l t in the Power 

Supply Sec t i on w i l l usua l l y a f f e c t s e v e r a l major b locks of the b lock d i a g r a m . 

Y o u should use the s ame bas i c t roub leshoo t ing procedures for i s o l a t ing f a u l t s to the Power 

Supply s e c t i on tha t you would use for i s o l a t ing f a u l t s to any other s e c t i on of the 

i n s t r u m e n t . T h i s s t a r t s w i t h f r on t pane l t roub leshoo t ing : using the con t ro l s and 

i nd i ca t o r s on the f ron t pane l , a long w i t h the c onnec t o r s and s w i t c h e s on the f ron t and r e a r 

pane ls . 

I f there a r e no C R T or "power o n " i nd i ca t i ons a t power up, c h e c k the P O W E R ind i c a t o r . 

I f the P O W E R ind i ca to r is not l i t , c h e c k the L i n e F u s e and the pos i t ion of the L i n e 

Se l e c t o r S w i t c h , i f i t i s a c c e s s i b l e f r om the outs ide of the i n s t r u m e n t . A l s o c h e c k the 

other f ront pane l i nd i ca t o r s such as the V O L T / D I V and T I M E / D I V s k i r t cod ing lamps , the 

T R I G G E R E D l i gh t , G R A T I C U L E I L L U M I N A T I O N , and R E A D Y i n d i c a t o r . I f none of the 

ind i ca to r s a r e on and i f t h e r e is no d i sp lay , then the f a u l t is probably in the L . V . Power 

Supply . A t th i s po int , i f you suspec t the Power Supply is f a u l t y , r e f e r to the chap t e r o f 

th i s book on T R O U B L E S H O O T I N G T H E POWER S U P P L Y . 

E v e n i f t he r e is a d isp lay or i f t h e r e a r e f ron t pane l i n d i c a t o r s ope ra t ing on the 

i n s t r u m e n t , the Powe r Supply may s t i l l be f a u l t y . H o w e v e r , i f the i nd i ca t o r s a r e 

opera t ing n o r m a l l y and i f t h e r e is a d i sp lay ( sweep or dot ) , the f a u l t is probably l oca ted in 

one of the o ther s e c t i ons of the i n s t r u m e n t . I f you have f r on t pane l i nd i ca t o r s and a 

d isp lay for t roub leshoot ing , con t inue your f a u l t i s o l a t i on f r o m the f r on t pane l . 
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T h e V e r t i c a l S e c t i o n 

vVhen no spot or sweep c a n be seen on the d i sp lay , use the beam f inder and the posi t ion 

c on t r o l to see in w h i c h d i r e c t i o n the spot or sweep is d e f l e c t e d . F i r s t , use the v e r t i c a l 

pos i t ion c on t r o l to see whe ther the d isp lay c a n be c e n t e r e d . I f the sweep w i l l not c en t e r 

on the d isp lay , press the B E A M F I N D E R but ton and c h e c k for an on - s c r e en d isp lay . I f 

t h e r e is s t i l l no d isp lay on s c r e e n , the prob lem is l i k e l y to be in e i t h e r the Powe r Supply 

S e c t i o n , the H o r i o n t a l S e c t i o n , or the C R T S e c t i o n . I f the t r a c e is d e f l e c t e d to trie top or 

bot tom of the d isp lay when you a c t u a t e the B e a m F i n d e r , the f a u l t is probably in the 

V e r t i c a l S e c t i o n . 

Most prob lems in the V e r t i c a l S e c t i on r e s u l t f r om improper s i gna l l e v e l s a t the V e r t i c a l 

Input C o n n e c t o r s . T h e r e f o r e , mos t c a t a s t r o p h i c f a i l u r e s in tne V e r t i c a l S e c t i on occur in 

the c i r c u i t r y in the " f r on t end " of the V e r t i c a l s . B y us ing the proper s teps you can fu r the r 

i so la t e many of these prob lems to a sub -assemb l y or c i r c u i t , w i t h o u t r e m o v i n g the cove r  

f r om the i n s t r u m e n t . T r y some of these be fore r emov ing the c o v e r f r om the f a u l t y 

i n s t r u m e n t . T h e s e s teps w i l l v a r y s l i gh t l y a c c o r d i n g to the c a p a b i l i t i e s of the i n s t r u m e n t . 

V e r t i c a l s y s t e m s con ta in ing p lug- ins a r e c onven i en t , s i n c e p lug- in swapp ing and 

subs t i tu t i on m a y speed the l o g i ca l t roub leshoo t ing p r o c e s s . 

Now tha t you have i s o l a t ed the f a u l t to the V e r t i c a l S e c t i o n , r e f e r to the chap t e r on 

T R O U B L E S H O O T I N G T H E V E R T I C A L S E C T I O N . 
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T h e H o r i z o n t a l S e c t i o n 

Up to th i s point you have e s s e n t i a l l y e l i m i n a t e d t w o s e c t i ons , t he P o w e r Supply and the 

V e r t i c a l S e c t i o n , as the source of the f a u l t w i t h i n the i n s t r u m e n t . Now you can fur ther 

i so l a t e the prob lem to one o f the o ther s e c t i ons of the osc i l l oscope (or c o n f i r m tha t i t is 

one of the prev ious sec t i ons c h e c k e d , such as the P o w e r Supp l y ) . 

Be fo re con t inu ing , ensure t h a t the f ron t pane l is s e t up proper ly for a d i sp lay . Set the 

t imebase to " A " , or Main Sweep , w i t h the T I M E / D I V s w i t c h in the 1 mS/QIV s e t t i n g . Se t 

the t r igger s e c t i o n up for F R E E R U N ( i f a v a i l a b l e ) , I N T E R N A L T R I G G E R , and 

A U T O M A T I C , i f the i n s t r u m e n t has A U T O . 

R o t a t e the I N T E N S I T Y c o n t r o l c l o c k w i s e for des i r ed br ightness of the d i sp lay . I f the 

sweep appears and the d isp lay appears n o r m a l , do a P e r f o r m a n c e C h e c k to insure proper 

opera t i on of the i n s t r u m e n t . A thorough P e r f o r m a n c e C h e c k w i l l s o m e t i m e s r e v e a l minor 

f au l t s in an i n s t r u m e n t t h a t o t h e r w i s e appears to ope ra t e n o r m a l l y . 

I f the d isp lay is on ly a dot t h a t c a n be seen w i thou t press ing the B e a m F inde r , the f a u l t is 

probably in the H o r i z o n t a l S e c t i o n . T h i s cond i t i on i n d i c a t e s t h a t a Sweep G a t e (Main 

Ga t e ) has been gene ra t ed but the Sweep G e n e r a t o r is l o cked up. R e f e r to the s e c t i on on 

T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N . 

Por tab l e Osc i l l o scope T i p s and Techn i ques 

N O T E : T h e s e t ips a r e app l i cab l e only to the Po r t ab l e Osc i l l o s copes , such as the 400, 

2200 , and 2300 S e r i e s , t ha t a r e not m i c r op roces so r c on t r o l l ed and do not 

have C R T r eadout . 

N O T E : T h e s e t e cnn iques may not wo rk on the new m ic rop rocesso r based 

osc i l l o scopes , s u c h as the 2400 S e r i e s , because the C P U con t ro l s the D isp lay 

Sequencer and the H o r i z o n t a l S e c t i o n . T h e B E A M F I N D E R does not 

a u t o m a t i c a l l y unblank the C R T when pressed . 
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If you s t i l l do not have a d isp lay a f t e r the I N T E N S I T Y is tu rned up, s e t the I N T E N S I T Y 

con t ro l to the 12 o ' c l ock pos i t i on . P ress the B E A M F I N D E R and observe the d isp lay . I f a 

sweep appears on the d i sp lay , i t i n d i c a t e s a f a u l t in the Unb lank ing L o g i c of the 

i n s t r u m e n t . T h i s p a r t i c u l a r prob lem may be l o ca t ed in e i t h e r the H o r i z o n t a l S e c t i on , the 

C R T and Z - A x i s S e c t i o n , or in the i n t e r f a c e b e tween the s e c t i o n s . ( I t cou ld a lso be in the 

V e r t i c a l S e c t i on , but you have a l r eady e l i m i n a t e d t h a t s e c t i o n i f you fo l l owed the 

procedures . ) 

I f you have only a D O T for a d i sp lay when you press the B E A M F I N D E R , the f a u l t is 

probably l o ca t ed in the H o r i z o n t a l S e c t i o n . R e f e r to the s e c t i on of th i s book on 

T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N . 

I f you s t i l l ha v e no d isp lay when you press B E A M F I N D E R , the f au l t is probab ly l o ca t ed in 

e i the r the Power Supply or C R T / Z - A x i s S e c t i o n of the i n s t r u m e n t . Y o u c a n eas i l y v e r i f y 

this f r om the r ea r pane l of the i n s t r u m e n t by us ing the f o l l ow ing t e chn i ques : 

N O T E : When us ing th i s t e chn ique , do not l e a v e the i n j e c t e d vo l t age on the r ea r 

pane l E X T Z - A X I S I N P U T connec to r for more t h a n a f e w seconds . R e m o v e 

the vo l t age i m m e d i a t e l y because the in t ense beam on the C R T c a n damage 

the C R T . 

Be fo re con t inu ing , tu rn the F O C U S c o n t r o l fu l l y c o u n t e r - c l o c k w i s e . I n j e c t -10 to - 15 

vo l ts ( D C ) into the E X T Z I N P U T connec to r on the r e a r pane l . I f you s t i l l ha v e no d i sp lay , 

r e f e r to the s ec t i ons of th i s book on T roub l eshoo t ing the Powe r Supply and on 

Troub leshoot ing the C R T and Z - A x i s S e c t i o n . I f you get a v e r y i n t e n s i f i e d dot on the 

C R T , the problem is probably in the H o r i z o n t a l S e c t i o n . 

Don ' t forget about the output s i gna l c o n n e c t o r s , s u c h as S W E E P G A T E and S W E E P O U T , 

on the r ea r pane l tha t c a n he lp you to v e r i f y your f ind ings . 
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Microprocessor B a s e d Po r t ab l e Osc i l l o s copes T i p s and T e c h n i q u e s 

N O T E : T h i s method c a n a lso be used on the o ther Po r t ab l e Osc i l l o s copes , howeve r , the 

r e s u l t s may not be as c o n c l u s i v e as those obta ined by us ing the B E A M F I N D E R . 

No t i ce tha t the E X T Z - A X I S input c onnec t o r on the r ea r pane l is now a T T L l e v e l input . 

T h i s input c a n be used to b iank the d isp lay by the app l i c a t i on of +5 v o l t s , howeve r , i t c a n 

no longer in t ens i f y or unblank the d i sp lay . T h e r e f o r e , you m u s t use a l t e r n a t i v e methods 

of t roubleshoot ing in these por tab le scopes . 

S ince the C P U con t ro l s the D i sp lay S e c t i o n and the H o r i z o n t a l Sec t i on of the 

mic roprocessor based por tab l es , the B E A M F I N D E R does not a u t o m a t i c a l l y unblank the 

C R T when p ressed . I t me r e l y l i m i t s the h o r i z o n t a l and v e r t i c a l d e f l e c t i on to help l o c a t e 

the sweep/display so tha t i t c an be pos i t ioned o n - s c r e e n . T h e r e f o r e , i t is v e r y impo r t an t 

tha t you have the T R I G G E R M O D E s w i t c h in the A U T O L V L or A U T O pos i t ion to insure 

tha t you have a br ight base l ine ( a u t o m a t i c ) s w e e p . A l s o ensure tha t you have the sweep 

speed se t to about 1 m S / D I V . I f the sweep speed i s s e t too s l ow , i t appears as a dot when 

the B E A M F I N D E R is pressed and i f i t is o f f s e t to the top or bot tom of the C R T , i t may 

be lost in the compressed C R T R e a d o u t . 

R o t a t e the I N T E N S I T Y c o n t r o l c l o c k w i s e for the des i red br ightness of the d i sp lay . I f the 

sweep appears and the d isp lay appears n o r m a l , do a P e r f o r m a n c e C h e c k to insure proper 

opera t i on of the i n s t r u m e n t . I f the d isp lay is only a dot t h a t c a n be seen w i thou t press ing 

the B e a m F i n d e r , the f a u l t i s probably in the H o r i z o n t a l S e c t i o n . T h i s cond i t i on ind i ca t e s 

tha t a Sweep G a t e (Ma in G a t e ) has been gene ra t ed but the Sweep G e n e r a t o r is l o cked up. 

R e f e r to the s e c t i on on Troub leshoo t ing the H o r i z o n t a l S e c t i o n . 

I f you s t i l l do not have a d isp lay a f t e r the I N T E N S I T Y is tu rned up, s e t the I N T E N S I T Y 

c o n t r o l to the 12 o ' c l ock pos i t i on . Se t the R E A D O U T I N T E N S I T Y to the 12 o ' c l ock 

pos i t ion. I f you s t i l l do not have a sweep but the Readout is n o r m a l , the f au l t is probably 

in the H o r i z o n t a l S e c t i o n , D i sp l ay Sequence r , or in the Z - A x i s S e c t i o n . R o t a t e the 

T I M E / D I V con t ro l to the X - Y pos i t i on . C e n t e r the C H 1 and C H 2 P O S I T I O N con t ro l s . I f 

you get a br ight spot on the C R T , the f a u l t i s probably in the H o r i z o n t a l S e c t i o n . 
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T R O U B L E S H O O T I N G Y O U R O S C I L L O S C O P E 

If you have no d isp lay on the C R T , press the B E A M F I N D E R . I f the d isp lay is o f f s e t 

v e r t i c a l l y , t roubieshoot the V e r t i c a l S e c t i o n . I f the d isp lay is o f f s e t ho r i z on t a l l y , 

t roubleshoot the H o r i z o n t a l S e c t i o n . I f you s t i l l ha v e no d i sp lay , t roub ieshoo t the Power 

Supply and Z - A x i s Sec t i ons . 

L a b In s t rumen t Osc i l l o scope T i p s and T e c h n i q u e s 

N O T E : T h e f o l l ow ing t i ps a r e v a l i d for the L a b Osc i l l o s copes , s u c h as 7000 S e r i e s , t h a t 

use the p lug- in con f i gu ra t i on and have C R T R e a d o u t . 

Be f o r e c on t inu ing , ensure t h a t the f r o n t pane l s e t t ings on both the m a i n f r a m e and the 

t imebase a r e se t up proper l y for a d i sp l ay . A l so be su re t h a t any t i m e b a s e s i n s t a l l ed a r e 

in the I N D E P E N D E N T M O D E . 

R o t a t e the I N T E N S I T Y c o n t r o l c l o c k w i s e for the des i r ed d isp lay b r i gh tness . I f the sweep 

appears and the d isp lay looks n o r m a l , do a P e r f o r m a n c e C h e c k to i n su r e proper opera t ion 

of the i n s t r u m e n t . 

I f the d isp lay is on ly a dot t h a t c a n be seen w i t h o u t press ing the B e a m F i n d e r , the f a u l t is 

probably in the H o r i z o n t a l S e c t i o n . T h i s cond i t i on i n d i c a t e s t h a t a Ma in G a t e has been 

genera ted but the Sweep G e n e r a t o r in the t i m e b a s e i s l o cked up. R e f e r to the s e c t i o n on 

T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N . 

I f you s t i l l do not have a d isp lay a f t e r the I N T E N S I T Y i s tu rned up, se t the I N T E N S I T Y 

c o n t r o l to the 12 o ' c l o ck pos i t i on . Se t the R E A D O U T I N T E N S I T Y c o n t r o l to the 12 

o ' c lock pos i t i on . I f Readou t appears on the C R T but you s t i l l ha v e no sweep , the f au l t is 

l oca ted in e i the r the I n t e r f a c e or in the H o r i z o n t a l S e c t i o n . 

N O T E : I f the Readout does not appear on the C R T , m a k e su re t h a t the R E A D O U T 

M O D E S W I T C H , usua l l y l o ca t ed i n t e r n a l l y , is s e t to the F R E E R U N pos i t i on . 
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T R O U B L E S H O O T I N G Y O U R O S C I L L O S C O P E 

I f there is s t i l l no d i sp lay , press the B E A M F I N D E R but ton . I f the d isp lay is o f f s e t on the 

C R T , t roubleshoot the appropr i a t e s e c t i o n . When you press the 3 E A M F I N D E R , i f you 

have only a D O T for a d i sp lay , the f a u l t is probably l oa t ed in the H o r i z o n t a l S e c t i o n . 

R e f e r to the s e c t i on of th i s book on T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N . 

I f you s t i l l have no d isp lay when you press B E A M F I N D E R , the f au l t is prooabiy l oca ted in 

e i the r the Power Supply or C R T / Z - A x i s S e c t i o n of the i n s t r u m e n t . Y o u c a n ea s i l y v e r i f y 

this f r om the r ea r pane l of the i n s t r u m e n t by us ing the f o l l ow ing s t eps : 

N O T E : When us ing th is t e chn ique , do not l e a v e the in j e c t ed vo l tage on the r ea r pane l 

E X T Z - A X I S connec to r for more t h a n a f ew seconds . R e m o v e the vo l tage 

i m m e d i a t e l y because the in t ense beam c a n damage the C R T . 

Be f o r e c on t inu ing , tu rn the F O C U S c o n t r o l f u l l y c o u n t e r - c l o c k w i s e . In j ec t -10 to -15 

vo l t s ( D C ) into the E X T Z I N P U T connec t o r on the r ea r pane l . I f you s t i l l have no d i sp lay , 

r e f e r to the s ec t i ons of th i s book on T roub l eshoo t ing the Powe r Supply and on 

Troub leshoo t ing the C R T and Z - A x i s S e c t i o n . I f you get a v e r y i n t ens i f i ed dot on the 

C R T , the prob lem is probably in the H o r i z o n t a l S e c t i o n . 

Don ' t forget about the r e a r pane l output s i gna l c onnec t o r s , s u c h as S W E E P G A T E and 

S W E E P O U T , t h a t c a n help you to v e r i f y your f ind ings . Once you have i s o l a t ed the f a u l t 

to the H o r i z o n t a l S e c t i on , you c a n use a p lug- in swapp ing t echn ique to f u r the r i s o l a t e the 

p rob l em. Some h in ts on these t e chn iques a r e c o v e r ed in the s e c t i on on Troub leshoot ing 

the H o r i z o n t a l . 
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T R O U B L E S H O O T I N G T H E P O W E R S U P P L Y 

T h e power supply is the most f u n d a m e n t a l b lock of an osc i l l o s cope . T h e p e r f o r m a n c e of 

the i n s t r u m e n t is only as good as the cond i t i on of i t s power supp ly . T h e fo l l owing 

i n f o rma t i on w i l l a s s i s t in c h e c k i n g and ob ta in ing the o p t i m u m p e r f o r m a n c e f r om 

T e k t r o n i x power supp l i es . 

I n c o r r e c t opera t i on of a l l c i r c u i t s usua l l y i n d i c a t e s t roub le in the power supp ly . C h e c k 

f i r s t for c o r r e c t vo l tage of the i nd i v i dua l supp l i es . Howeve r , a d e f e c t i v e component 

e l s ewhe re in the i n s t r u m e n t c a n appear as a power supply t r oub l e , and may a lso a f f e c t the 

opera t ion of o ther c i r c u i t s . A sho r t c i r c u i t in any r e gu l a t ed supply may c a u s e the output 

l e v e l of a l l suppl ies in the i n s t r u m e n t to drop to z e r o ( u n t i l the shor t is r emoved ) . I f the 

output l e v e l of a l l the suppl ies is i n c o r r e c t , c h e c k t h a t the L i n e Vo l tage Se l e c t o r 

Assemb l y is se t for the c o r r e c t l i ne vo l t age and r e gu la t ing range . 

iviost T e k t r o n i x manua l s l i s t the t o l e r a n c e s of the power supp l i es . I f a power supply 

vo l tage is w i t h i n the l i s t ed t o l e r a n c e , the supply c a n be assumed to be wo rk ing c o r r e c t l y . 

I f outs ide the t o l e r a n c e , the supply m a y be m i sad jus t ed or ope ra t ing i n c o r r e c t l y . When 

t e s t i ng for shor ts and ove r l oads , r e m o v e the loads f r om the output f i l t e r . C h e c k the 

r e s i s t a n c e of e a c h to i s o l a t e the load t h a t ' s c aus ing the shor t or o v e r l o a d . N e x t , look in 

the d e f e c t i v e c i r c u i t for connec t i ons f r om the power supply d i r e c t l y to ground. Diodes 

and c a p a c i t o r s a r e a good p l a c e to s t a r t . R e m e m b e r , ensure t h a t you have r emoved 

i n s t r u m e n t power be fore you m a k e r e s i s t a n c e c h e c k s . 

C h e c k i n g Powe r Supply R e g u l a t i o n 

C o n n e c t the osc i l l oscope under t e s t to a v a r i a b l e a u t o - t r a n s f o r m e r . T u r n o f f the sweep 

and c a l i b r a t o r , and moni to r the i nd i v i dua l supp l i es w i t h a I X probe, A C - c o u p l e d to the 

t e s t osc i l l oscope . Beg in w i t h the r e f e r e n c e supply s i n c e o ther suppl ies a r e r e l a t e d to th is 

r e f e r e n c e . Ad jus t the v a r i a o l e a u t o - t r a n s f o r m e r to the point w h e r e the supply goes 

comp l e t e l y out of r e gu l a t i on , noted by a l a r g e i n c r e a s e in r i pp l e . N e x t , i n c r e a s e the l ine 

vo l tage to the point w h e r e the supply pu l l s in to c o m p l e t e r e g u l a t i o n , and note th is 

v o l t age ; th i s point is the l ow - l i n e r e gu l a t i on v o l t a ge . N e x t , i n c r e a s e the l ine vo l tage to 

the point w h e r e the supply s t a r t s to go out of r e gu l a t i on . T h i s po int is the h igh- l ine 

r egu la t i on vo l tage . T h e f i gure a t the top of the n e x t page i l l u s t r a t e s the va r i ous l ine 

condi t ions n o r m a l l y e n c o u n t e r e d . 
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T R O U B L E S H O O T I N G T H E P O v V E R S U P P L Y 

R e s i s t a n c e M e a s u r e m e n t s 

R e s i s t a n c e m e a s u r e m e n t s c a n be made on most suppl i es , s i n c e the r e s i s t a n c e va lues a r e 

r e l a t i v e l y l ow . So l i d - s t a t e power supp l i e s , because of t h e i r l ower impedance qua l i t i e s , 

have supply r e s i s t a n c e s t h a t a r e t y p i c a l l y l owe r t h a n 50 ohrns. 

N O T E : When m a k i n g r e s i s t a n c e m e a s u r e m e n t s , r e v e r s i n g the m e t e r l eads may produce a 

d i f f e r en t r ead ing due to diodes or o ther a c t i v e d e v i c e s in the load c i r c u i t s . 

S i l i con diodes can usua l l y be c h e c k e d in the c i r c u i t and t y p i c a l l y r ead about 2k ohms in 

one d i r e c t i on . When a power supply diode f a i l s i t w i l l usua l l y be e i t h e r a dead shor t or 

open. I f an i n - c i r c u i t c h e c k of a diode l e a v e s doubt as to i t s c ond i t i on , l i f t one end of the 

diode to be sure of the r ead ing . Most s i l i c o n supply diodes r e a c h about 2k ohms or about 

2M ohms, depending on d i r e c t i o n of c u r r e n t f l ow . 

N O T E : With a DOM range s e t t i n g of 2 K ohms, a s i l i c on diode w i l l t y p i c a l l y r ead about 

600 ohrns in one d i r e c t i o n and i n f i n i t e in the o ther . 
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T R O U B L E S H O O T I N G T H E P O W E R S U P P L V 

T r a n s i s t o r Suppl i es 

So l i d - s t a t e suppl ies a r e used in modern e l e c t r o n i c equ ipment . T h e f o l l ow ing points 

s u m m a r i z e the major c h a r a c t e r i s t i c s of s o l i d - s t a t e supp l i es : 

1. L o w e r output impedance , r e su l t i n g in l owe r output r ipp le — usua l l y on the order of 2 

mV to 5 m V . 

2. R e s i s t a n c e of suppl i es is t y p i c a l l y l owe r but c h e c k i n g is the s a m e due to s t a c k i n g of 

supp l i es . 

3 . L e s s prob lems w i t h r egu la to r s because of l ess hea t d i s s ipa t i on . 

4. Suppl ies m a y be c h e c k e d for shor t s i m m e d i a t e l y a f t e r power i s app l i ed (no t i m e de lay 

r e l a y s ) . 

I f the r egu la to rs a r e not opera t ing proper l y or i f the supply ope ra t es i n t e r m i t t e n t l y 

( o ccas i ona l l y f a i l s or b lows fuses ) , use an a u t o - t r a n s f o r m e r to v a r y the l ine vo l tage and 

m a k e c h e c k s a round the suppl ies and r e gu l a t o r s . T o s i m u l a t e the a c t u a l ope ra t ing 

condi t ions o f the c i r c u i t r y , you c a n a l so v a r y the t e m p e r a t u r e o f the c i r c u i t s in 

opera t i on . Use a ha i r d r ye r or h ea t gun to hea t the Power Supply c i r c u i t s to the i r 

opera t ing t e m p e r a t u r e s . C o o l the c i r c u i t r y w i t h a n ae roso l c i r c u i t c oo l an t , s u c h as A r c t i c 

M is t , to drop the c i r c u i t t e m p e r a t u r e back down to a s t a r t - u p l e v e l . B y a l t e r n a t e l y 

hea t ing and coo l ing the c i r c u i t r y in ope ra t i on , you s i m u l a t e the a m b i e n t cond i t i ons wh i ch 

the suppl ies n o r m a l l y encounte r over a longer per iod o f t i m e (2 or 3 hours ) . O f t e n th is 

c h e c k w i l l r e v e a l hea t s e n s i t i v e d e v i c e s e a r l y and may e l i m i n a t e a " c a l l - b a c k " or tne need 

to r e c a l i b r a t e the i n s t r u m e n t under t e s t . 
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T R O U B L E S H O O T I N G T H E P O W E R S U P P L Y 

C o m m o n Power Supply P rob l ems 

1. Fuse b lows when power i s app l i ed — shor t ed diode in br idge, shor ted f i l t e r c a p . 

2 . F u s e blows a f t e r de lay — over l oaded ou tpu t . 

3. E x c e s s i v e r ipp l e — d iv ide by 10 for a p p r o x i m a t e s o l i d - s t a t e v a l u e . 

(A ) 50 mV to 1.5 V — c o m p a r a t o r , speedup c a p a c i t o r 

(B ) 1.5 V to 3 V — output f i l t e r 

( C ) & V or more — input f i l t e r 

k. O f f t o l e r ance — l e a k y speedup c a p a c i t o r ( l i f t one end, change both output vo l t age 

s e t t i ng r e s i s t o r s ) . 

5. Poor r e gu l a t i on : 

a t 117 V l ine — weak c o m p a r a t o r , d e f e c t i v e br idge , bad f i l t e r component 

a t 105 V l ine weak r egu la to r 

6. Noisy output — noisy c o m p a r a t o r or r e g u l a t o r ; no isy output vo l t age s e t t i ng d i v ider ; 

noisy t r a n s i s t o r or I C ; poor c o n n e c t i o n ; noisy d iode; or noisy r e s i s t o r . 
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T R O U B L E S H O O T I N G T H E H I G H - E F F I C I E N C Y S U P P L Y 

Some i n s t r u m e n t s use a h i g h - e f f i c i e n c y , l ow - vo l t a g e power supply in w n i c h the p r i m a r y 

c i r c u i t c ompensa t e s for changes in l ine vo l t age , l ine f r equency and load demand . 

C o m p a r e d to c o n v e n t i o n a l r e gu la t ed suppl ies h i g h - e f f i c i e n c y power supp l i es p resen t more 

of a cha l l enge to the s e r v i c e t e c h n i c i a n . 

T h e H i g h - E f f i c i e n c y Powe r Supply 

He r e is a qu ick r e v i e w of h i g h - e f f i c i e n c y supp l i es . T h e y a r e b a s i c a l l y t w o s tage A C to D C 

c o n v e r t e r s . T h e l ine vo l t age is r e c t i f i e d , t h en used to power an i n v e r t e r t h a t runs a t 

a p p r o x i m a t e l y 25 k H z . T h e i n v e r t e r d r i v e s the p r i m a r y o f the power t r a n s f o r m e r wh i ch 

prov ides the n e c e s s a r y secondary v o l t a g e s . R e g u l a t i o n is usua l l y a c c o m p l i s h e d by 

con t ro l l i ng the f r equency a t w h i c h the i n v e r t e r runs , the r eby c o n t r o l l i n g the energy 

appl ied to the p r i m a r y . In some h i g h - e f f i c i e n c y supp l i es , f u r the r r e gu l a t i on t a k e s p lace in 

the secondary c i r c u i t r y . V a r i a t i o n s in l i n e vo l tage a r e c ompensa t ed oy chang ing the 

dura t i on of the " o n " t i m e of the c u r r e n t d r i v e r , w h i l e load v a r i a t i o n s a r e handled by 

chang ing the r e p e t i t i o n r a t e of the " o n " t i m e . 

T a k e a look a t t roub leshoot ing the supp ly . T h e r e a r e t w o i t e m s you w i l l f i nd use fu l : a 

power l ine i so la t i on t r a n s f o r m e r and a c u r r e n t probe such as the T E K T R O N I X P 6 0 2 1 . T h e 

p r imary power supply c i r c u i t ' s c o m m o n and guard box a r e e l e v a t e d to l i ne p o t e n t i a l . T h e 

i so la t i on t r a n s f o r m e r r educes the shock h a z a r d and a l l o w s grounding the power supp ly ' s 

common for t roub leshoo t ing . T h e c u r r e n t probe i s a c onven i en t means o f v i e w i n g the 

c u r r e n t w a v e f o r m s a s s o c i a t e d w i t h the c u r r e n t d r i v e r . 
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To t roubleshoot a supply t h a t won ' t s t a r t up, your e a r s may prov ide the f i r s t c l u e . I f you 

l i s t en c l ose l y you may hear a shor t " b u r s t " (a s i gna l of about 12 k H z ) r epea t ed s e v e r a l 

t i m e s per second . T h i s i n d i c a t e s a probable sho r t in one of the secondary supp l i es . What ' s 

happening is tha t when you tu rn the i n s t r u m e n t on, the s t a r t c i r c u i t w i l l t r y to s t a r t the 

i n v e r t e r . T h e i n v e r t e r w i l l run a t a f r e quency of a p p r o x i m a t e l y 12 k H z for one second, at 

vvhich t i m e the s t a r t c i r c u i t tu rns o f f . T h i s happens when the i n v e r t e r cannot produce 

adequate power to keep running because of the sho r t ed secondary supply . A f t e r a f r a c t i o n 

of a second, the s t a r t c i r c u i t t r i e s to s t a r t the i n v e r t e r aga in and the c y c i e r epea t s i t s e l f . 

T h e c h i r p ( c l i c k i n g noise ) you hear is the t r a n s f o r m e r c o r e responding to those shor t bursts 

of 12 k H z energy . T h e r a t e of the burs t and the f r e quency of the aud ib le ch i rp w i l l v a r y 

acco rd ing to the t ype of f a u l t and the s e r i e s of the i n s t r u m e n t . When the supply is 

opera t ing n o r m a l l y i t runs a t 25 kHz, w e l l above the audib le range . 

When t roub leshoot ing h i g h - e f f i c i e n c y supp l i es , t h e r e a r e some bas i c ru l e s to observe for 

your s a f e t y and for tha t of the e qu ipmen t . K e e p these in mind when work ing in and 

around the po t en t i a l s p resent in the h i g h - e f f i c i e n c y supp l i es , because a c a r e l e s s m i s t a k e 

in th is c i r c u i t cou ld be f a t a l . A t the f r on t of the i n v e r t e r supply , the re is 325 Vdc s to red 

ac ross the equ i va l en t of about 1000 - 1500 u F of c a p a c i t a n c e . Now cons ider how much 

energy must be d i ss ipa ted when th i s vo l t age i s d i s cha rged ; i t becomes someth ing a k i n to a 

h igh-vo l tage , h i g h - c u r r e n t we ld ing m a c h i n e . I f d i s charged through a sho r t , the energy 

f r om these c a p a c i t o r s would produce cons ide rab l e hea t and l ight ( a r c ) . 
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Gu ide l i nes for T roub l eshoo t ing the H i g h - E f f i c i e n c y Supply 

When work ing in the h i g h - e f f i c i e n c y power supp ly , use the f o l l ow ing gu ide l ines to pro tec t 

yourse l f and the equ ipment : 

1. Do not a t t e m p t to t roubleshoot or t a k e any vo l t age or w a v e f o r m measur emen t s in 

and around the supply w i thou t us ing an i s o l a t i on t r a n s f o r m e r and v a r i a c in s e r i e s vvith 

the i n s t r u m e n t under t e s t . 

I t is necessa ry to i s o l a t e ( f l oa t ) the i n s t r u m e n t under t e s t because tne h i gh - e f f i c i ency 

power supply is not r e f e r e n c e d to e a r t h / c h a s s i s ground. T h e c i r c u i t " c o m m o n " for 

th i s s e c t i on of the i n s t r u m e n t is t a k e n f r o m the nega t i v e (-) s ide of the input s torage 

c a p a c i t o r s . 
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C A U T I O N 

Dangerous po t en t i a l s may e x i s t b e tween equ ipment f r a m e s and 

connec to r s when an i s o l a t i on t r a n s f o r m e r i s used . R e m e m b e r tha t 

the d e v i c e c onnec t ed to the i s o l a t i on t r a n s f o r m e r is " f l o a t i n g " and 

does not have a so l id ground r e f e r e n c e . Y o u r o ther t e s t equ ipment 

w i l l be opera t ing a t e a r t h ground po t en t i a l s on the i r c h a s s i s . I f you 

should t ouch both p i e ces of equ ipment a t the s a m e t i m e , you may be 

exposed to a dangerous po t en t i a l d i f f e r e n c e . 

Some of the more e x p e r i e n c e d t e c h n i c i a n s p re f e r to use a b a t t e r y powered 

osc i l l o scope , i n t e a d of the i s o l a t i on t r a n s f o r m e r , when t roub leshoot ing the 

h i g h - e f f i c i e n c y supply . T h i s t e chn ique has s e v e r a l advan tages . F i r s t , t h e r e is less 

danger of shock h a z a r d , s ince the b a t t e r y powered scope does not prov ide a c u r r e n t 

r e t u r n path to any source to w h i c n the i n t r u m e n t under t e s t is c onnec t ed . The 

b a t t e r y powered scope a lso prov ides h igher p o r t a b i l i t y for a l l o w i n g the user to eas i l y 

v i e w the scope d isp lay wh i l e m a k i n g those t r i c k y connec t i ons in some of the more 

i nac c e s s i b l e l o c a t i o n s . B e c a u s e t h e r e a r e so f e w m e t a l p a r t s on the b a t t e r y powered 

scopes , t h e r e is less c h a n c e o f the user c o m i n g in c o n t a c t w i t h dangerous potent ia ls 

be tween the i n s t r u m e n t s . 

2. Apply t e s t equ ipment ground to the n e g a t i v e (-) s ide of the L i n e Br idge R e c t i f i e r 

when t roub leshoot ing the p r i m a r y s ide of the i n v e r t e r c i r c u i t . N o t i c e t h a t th i s point 

i s a l so the nega t i v e s ide of the s to rage c a p a c i t o r po t en t i a l s . T h i s po int provides the 

c i r c u i t c ommon for the r e s t of the c i r c u i t r y . 

3 . Do not t a k e any r e s i s t a n c e m e a s u r e m e n t s or m a k e any r e p a i r s in the supply whi le the 

neon in the L i n e R e c t i f i e r c i r c u i t is b l i nk ing . 

T h i s neon is pa r t of a R e l a x a t i o n O s c i l l a t o r t h a t opera tes when the vo l tage on the 

s to rage c a p a c i t o r s i s above SO Vdc . When the neon is f l a sh ing , i t i s a warn ing tha t 

dangerous po t en t i a l s e x i s t in the c i r c u i t . A l l o w the c h a r g e on the s to rage c apac i t o r s 

to bleed down be fore p roceed ing . 
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A f t e r the neon has stopped f l a sh ing , m a k e sure t h a t the c h a r g e is c o m p l e t e l y bled of f 

the c a p a c i t o r s be fore a t t e m p t i n g r e p a i r s or r e s i s t a n c e m e a s u r e m e n t s . 

4-. Do not r emove any of the p r o t e c t i o n c i r c u i t r y , such as the I n v e r t e r C o n t r o l l e r and 

the I n v e r t e r Regu l a t o r T r a n s i s t o r s , and apply f u l l power to the i n s t r u m e n t . The 

h i gh - e f f i c i ency suppl ies a r e capab l e o f supp ly ing enough c u r r e n t to burn the c i r c u i t 

boards, i n t e r f a c e cab l e s and c i r c u i t c omponents . I f you r emove the p ro t ec t i on 

c i r c u i t s f r om the supply and apply f u l l power , you may cause a c a t a s t r o p h i c f a i l u r e of 

the supply and to s e v e r a l o ther c i r c u i t s i n the i n s t r u m e n t . 

5. Use a V a r i a c ( v a r i a b l e t r a n s f o r m e r ) to c o n t r o l the l ine vo l t age app l i ed to an 

i n s t r u m e n t when t roub leshoot ing a f a u l t y P o w e r Supp ly . 

When you have r emoved any of the p r o t e c t i o n or r e gu l a t i ng components f r om a 

h i g h - e f f i c i e n c y supply , l i m i t the input l i n e vo l t age to the i n t r u m e n t to 70 V a c . 

Without th i s p r o t e c t i on , f u l l power app l i ed to the l ine input c a n c a u s e c a t a s t r o p h i c 

f a i l u r e s . S e ven t y vo l t s is s u f f i c i e n t to a l l o w the i n v e r t e r to work and a l l ows you to 

observe and m e a s u r e the ope ra t ing c h a r a c t e r i s t i c s of the c i r c u i t r y . 

Wi th the p ro t e c t i on c i r c u i t r y i n s t a l l e d and ope ra t i ona l , you c a n g radua l l y i n c r ease the 

l ine vo l tage to see a t w h i c h po int the p r o t e c t i o n and r e gu l a t i ng c i r c u i t r y begin to 

work . S o m e t i m e s you c a n t roub leshoot in a f a u l t y supply by i n c r e a s i n g the supply 

vo l t age jus t enough to cause i t to en t e r the " b u r s t " mode or by l e a v i n g i t at a l e v e l 

j u s t be low burs t . 

6. Do not r emove the r egu la t ed supply loads when t roub leshoot ing because th i s w i l l 

p r e ven t the P r i m a r y I n v e r t e r C i r c u i t f r o m ope ra t ing p rope r l y . F o r i so l a t i on purposes 

you c a n r emove a por t ion of the output l oad , such as the H igh Vo l tage d r i v e output , 

f r om the secondary side of the i n v e r t e r . Howeve r , you should load the power supply 

by i n s t a l l i n g a t l e a s t 2 p lug- ins i n the i n s t r u m e n t to a l l o w the c i r c u i t to c o m e up to 

n o r m a l ope ra t i on . 
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Here a r e some qu ick c h e c k s tha t may he lp you i s o l a t e f a u l t s i n a f a i l ed supply : 

C h e c k for a p p r o x i m a t e l y 330V dc a c ross the i n v e r t e r s w i t c h i n g t r a n s i s t o r s . 

C h e c k for s t a r t pulses a t the anode of the P U T ( S C R ) in the s t a r t - u p c i r c u i t . 

C h e c k for 32V ac ross the i n v e r t e r s t a r t - u p t r a n s i s t o r . 

C h e c k to see i f the o v e r - v o l t a g e t r a n s i s t o r is tu rned on . 
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T y p i c a l H i g h - E f f i c i e n c y Supply P rob l ems 

I f the supply won ' t c o m e up, and i t i s n ' t e v i den t wha t the p rob l em i s , the fo l l owing 

t roubleshoot ing h in t s may he lp . 

Scope i nope ra t i v e . No burst ope ra t i on . 

So lu t i on : C h e c k fuses . I f they a r e b lown and cont inue to b low when r ep l a c ed , i t 

i n d i c a t e s t h a t an i n v e r t e r i s probab ly s h o r t e d . 

Scope i nope ra t i v e . B u r s t ope ra t i on ; hear t i c k i n g sound. 

Solution: C h e c k r e s i s t a n c e o f scope power supp l i es , i f the va lues a r e g i ven in the 

s e r v i c e m a n u a l . 

Scope i n o p e r a t i v e . B u r s t ope ra t i on . R e s i s t a n c e n o r m a l . 

So lu t i on : C h e c k for l e a k y or shor t ed c a p a c i t o r s on the r e c t i f i e r boa rd . 

B u r s t ope ra t i on . S e m i - r e g u l a t e d vo l t age n o r m a l . 

So lu t i on : Poss ib l e C R T sho r t ed . 

Sho r t ed component on h i gh -vo l t age board . 

No i n v e r t e r o p e r a t i o n . 

So lu t i on : C h e c k components on i n v e r t e r board (use C u r v e T r a c e r ) . 

P r i m a r y t r a n s i s t o r s and c a p a c i t o r s . 

C h e c k t r a n s i s t o r s and c a p a c i t o r s in the p r i m a r y of the i n v e r t e r . 

Uns tab l e i n v e r t e r ope ra t i on . 

So lu t i on : C h e c k s e m i - r e g u l a t e d vo l t age on c a p a c i t o r - r e c t i f i e r board . 

C h e c k for f a u l t y components on i n v e r t e r board . 
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The H i gh -Vo l t a ge Supply 

Trie h igh-vo l tage supply is f u n d a m e n t a l to o s c i l l o s c o p e / C R T p e r f o r m a n c e . C a t h o d e - r a y 

tubes r equ i r e D C ope ra t ing vo l tages m u c h h igher than those prov ided by conven t i ona l 

power suppl ies . To e l i m i n a t e l a rge v a c u u m tubes , bu lky and dangerous c a p a c i t o r s , and 

neav i l y i nsu la t ed t r a n s f o r m e r w ind ings , mos t Tek t ron ix - h i gn -vo l t age power suppl ies use 

vo l tage m u l t i p l i e r s to g ene ra t e high vo l tages , w i t h a cons ide rab l e sav ings in cos t and 

space . 

B y using a f r equency of a p p r o x i m a t e l y 40 k H z to 60 k H z i n s t ead of 60 H z , the requ i red 

f i l t e r c a p a c i t o r va lues a r e r educed by a f a c t o r of 1000. T h u s , s m a l l and r e l a t i v e l y 

inexpens i v e d i sc c a p a c i t o r s ( 0 .02 -0 .03 m i c r o f a r a d ) c a n be used i n s t e a d of expens i v e 20 

m i c r o f a r a d c a p a c i t o r s . A c l a s s C o s c i l l a t o r usua l l y deve lops the 40-60 k H z vo l tage t h a t 

suppl ies the p r i m a r y winding of the h i gh -vo l t age t r a n s f o r m e r . 

S a t i s f a c t o r y r e gu la t i on i s a c h i e v e d i n mos t h i gh-vo l tage suppl i es by con t r o l l i ng the 

amp l i tude of the h i gh - f r equency o s c i l l a t o r ou tput . I t i s i m p o r t a n t to r e m e m b e r tha t C R T 

c i r c u i t s a r e v e r y l o w - c u r r e n t c i r c u i t s , a s a r e s u l t t h ey a r e suscep t i b l e to l e akage pa ths . 

T y p i c a l H i gh -Vo l t a ge P rob l ems 

H igh-vo l tage power supply p rob l ems a r e usua l l y i n d i c a t e d by one of t h e f o l l ow ing C R T 

s y m p t o m s : 

1. No i n t e n s i t y on C R T d isp lay 

2 . F u l l i n t e n s i t y on C R T d isp lay 

3 . No c o n t r o l over i n t ens i t y and/or f ocus of C R T d isp lay 

4. I n c o r r e c t v e r t i c a l and h o r i z o n t a l c a l i b r a t i o n 

T h e con t ro l - g r i d supply is n o r m a l l y 40 -50 V more nega t i v e t h a n the ca thode supply . I f 

these two suppl ies d e c r e a s e the i r bias for s ome r eason , the h igh-vo l tage supply c an draw 

s u f f i c i e n t c u r r e n t to d r i v e i t out of r e gu l a t i o n . T h e i n t e n s i t y c o n t r o l v a r i e s the bias of 

the C R T . 
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Most T e k t r o n i x ca thode - r ay tubes w i l l c u t o f f when the gr id is a p p r o x i m a t e l y 65 V more 

nega t i v e than the c a thode . I f the C R T is w e a k , you c a n e ven get down below the cu t o f f 

point of the tube . 

C R T Cond i t i ons 

Gassy C R T ' s may be i d en t i f i ed by the i r " doub l e -peak ing " c h a r a c t e r i s t i c . When the C R T is 

c o l d , th i s f a u l t n o r m a l l y produces two v e r y pronounced spots w h e r e the C R T turns on. As 

the i n t e n s i t y c o n t r o l is advanced c l o c k w i s e ( C W ) , a d i m t r a c e appea rs and cont inues to 

dec r ease in i n t e n s i t y , then i t i n c r e a s e s s o m e w h a t t o w a r d the C W e x t r e m e . Onc e a tube 

begins to d i sp lay this c h a r a c t e r i s t i c , a s e l f - d e s t r u c t i v e process has begun and i t is only a 

m a t t e r of t i m e u n t i l the tube mus t be changed . G a s s y C R T ' s a lso o f t en e x h i b i t poor focus 

and br ightness c h a r a c t e r i s t i c s , and a s t a t i c c h a r g e phenomenon. S t a t i c cha rge prob lems 

a r e t y p i c a l l y caused by d i r t , so i f th is c h a r a c t e r i s t i c is no ted , the C R T f a c e and cove r 

should be thoroughly c l e a n e d . 

A prob lem s i m i l a r to s t a t i c c h a r g e is s o m e t i m e s c a u s e d by the C R T - g u n support rods 

becoming c h a r g e d . T h i s rod c h a r g e m a y s o m e t i m e s be e l i m i n a t e d by d e f l e c t i n g the 

e l e c t r o n beam c o m p l e t e l y o f f - s c r e e n h o r i z o n t a l l y , t u rn ing the i n t e n s i t y f u l l y C W and 

v a r y i n g the pos i t ion c o n t r o l r ap id l y f r o m the upper e x t r e m e to the l ower e x t r e m e . A f t e r 

a f ew moments , the rod c h a r g e should be d i s s i p a t e d . 

B u r r s or da rk spots on the C R T s c r e e n c a n s o m e t i m e s be m i n i m i z e d or e l i m i n a t e d by 

" f l ood ing" the s c r e e n w i t h a d isp lay and then t u r n i n g the i n t e n s i t y up for s e v e r a l m inu t e s . 

T h i s c a n be done by i n j e c t i n g a h igh f r e quency s i gna l ( i . e . 100 M H z f r o m an S G - 5 0 3 ) into 

the v e r t i c a l i npu t . Se t the output of the s i gna l genera to r for a 1V p-p s i gna l , c e n t e r e d in 

the d isp lay , then r educe the v e r t i c a l d e f l e c t i o n of the osc i l l o scope to . l v / d i v . Se t the 

osc i l l oscope T I M E / D I V to I m s / D I V . T u r n the i n t e n s i t y fu l l y c l o c k w i s e ( C W ) and l e a ve i t 

for about 3 to 5 m i n u t e s . 

* * * C A U T I O N * * * 

T H I S C O U L D C A U S E D E G R A D A T I O N IN T H E C R T I F T H E 
I N T E N S I T Y IS K E P T F U L L Y C W F O R A L O N G E R P E R I O D T H A N 5 
M I N U T E S . C A R E F U L L Y W A T C H T H E O S C I L L O S C O P E W H E N 
P E R F O R M I N G T H I S P R O C E D U R E . 
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Most modern genera l -purpose osc i l l oscopes have a t r a n s i s t o r i z e d s o l i d - s t a t e high vo l tage 

supply . Some of the m o r e c ommon t roub leshoo t ing s y m p t o m s a r e l i s t e d be low. 

1. I nab i l i t y to t u r n o f f the i n t ens i t y is o f t en caused by a weak D . C . R e s t o r e r d iode in 

the c on t r o l - g r i d supply . 

A c o n t r o l g r id to ca thode shor t in the C R T w i l l e x h i b i t s i m i l a r s y m p t o m s . To c n e c K 

for th i s c ond i t i on , r emove the s o c k e t f r o m the C R T and note i f the C R T b ias 

changes . I f the b ias changes , then the l oad ing is c a u s e d by the C R T l oad . The C R T 

f i l a m e n t supply should a l so be c h e c k e d to i n su r e t h a t the prob lem is not caused oy 

l e akage in the f i l a m e n t t r a n s f o r m e r . I n t e r n a l C R T gr id shor t s may not show up w i th 

ohm m e t e r r e s i s t a n c e c h e c k s . 

2 . No br ightness w i t h n o r m a l i n t e n s i t y c o n t r o l s e t t i ngs , but s l i gh t i n t e n s i t y a s the 

c o n t r o l is moved fu r the r c l o c k w i s e , may i n d i c a t e a w e a k C R T or ca thode supply . 

S i m i l a r s y m p t o m s w i l l be p resen t i f a C R T is gassy or i f unb lank ing is not r e c e i v e d 

f r om the t i m e - b a s e g ene ra t o r . A g r a d u a l i n c r e a s e or d e c r e a s e in i n t e n s i t y is a 

s y m p t o m of weak r e c t i f i e r diodes in e i t h e r the c o n t r o l g r id or ca thode supp l i es . 

N O T E : D C R e s t o r e r diodes should be r e p l a c e d a t the s a m e t i m e to p r e ven t 

d i f f e r e n t i a l ag ing prob lems and to e l i m i n a t e the poss ib i l i t y of a r epea t ed f a i l u r e due 

to s t r e ssed/weakened diodes. 

3 . Don ' t f o rge t c a l i b r a t i o n a d j u s t m e n t s . C h e c k G R I D B I A S ( In t ens i t y Range ) 

ad jus tmen t s and the i r a s s o c i a t e d c i r c u i t r y . 

4. L a c k of h igh vo l t age is c o m m o n l y c a u s e d by load ing (one or more of the secondary 

suppl ies is c a u s i n g the o s c i l l a t o r to not r u n ) . In most h igh-vo l tage supp l i e s , th i s w i l l 

cause the o s c i l l a t o r to f r e e run a t a f r e quency s l i gh t l y h igher t h a n n o r m a l . I f the 

o s c i l l a t o r does not f r e e r u n , then the prob lem i s probably due to loading of t n e 

t r a n s f o r m e r by one of the secondary l oads . B y l i f t i n g the anode of the r e c t i f i e r s in 

the secondary supp l i es , these s tages m a y be e l i m i n a t e d . 
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(Only the most pos i t i v e anode leads need be d i s connec t ed in the h igh-vo l tage anode 

supply . ) C h e c k the h i gh-vo l tage caps i n a s i m i l a r f ash ion by l i f t i n g component l eads . 

I f the o s c i l l a t o r now o s c i l l a t e s , r e c o n n e c t the suppl i es one a t a t i m e to f ind wh i ch one 

is c aus ing the load ing . F o r e x a m p l e , i f t h i s p rocedure led to a prob lem in the gr id 

supply , then the n e x t s t ep would be to c h e c k for r e s i s t a n c e m e a s u r e m e n t s f rom the 

i n t ens i t y c o n t r o l to ground. A good idea is to r e m o v e the C R T s o c k e t to see whe ther 

th i s has any e f f e c t on the c i r c u i t s y m p t o m s . A l so , d i s connec t the C R T anode l ead . I t 

is possible for a shor t in the C R T or e x t r e m e l y gassy tube to load one of the otner 

suppl i es , p r even t ing proper o s c i l l a t o r a c t i o n . 

I f you suspec t a l eaky or sho r t ed component in the g r id c i r c u i t or ca thode c i r c u i t , you 

may t r y th i s a l t e r n a t i v e method for f a u l t i s o l a t i on . R e m o v e power f r o m the 

i n s t r u m e n t be fo re you p roceed . C o n n e c t the high vo l t age output f r om a c u r v e t r a c e r 

(or some other v a r i a b l e supply ) to the cathode/gr id c i r c u i t of the osc i l l oscope ~ 

ensure t h a t you connec t i t to the H . V . s ide of the componen ts . T h i s w i l l s i m u l a t e the 

nega t i v e H.V. of the ca thode Supply . Now c h e c k around the gr id/cathode suppl ies for 

f a u l t y c omponen t s . T h i s i s s o m e t i m e s a use fu l w a y to c h e c k c a p a c i t o r b r eakdown , 

e t c . 

T y p i c a l r e s i s t a n c e va lue i n the g r id c i r c u i t is 4-5 megohms to g round. T h i s holds t rue 

a lmos t a n y w h e r e you m e a s u r e in the c i r c u i t . I f t h e components c h e c k out proper l y , 

tne prob lem is probably in the h i gh -vo l t age t r a n s f o r m e r , poss ib ly one of the windings 

has a l eakage pa th to the c o r e . 

P rob l ems in the h igh-vo l tage anode supply s o m e t i m e s show up as i n s u f f i c i e n t high 

vo l t age . C h e c k the output f i l t e r c a p a c i t o r s and the anode coup l ing c a p a c i t o r s . Weak 

h igh-vo l tage r e c t i f i e r s w i l l a lso i n d i c a t e i n s u f f i c i e n t high vo l t age . A poor connec t i on a t 

the C R T anode connec to r c a n show up as j i t t e r in the sweep or as poor r e g u l a t i o n . 

N O T E : A l l solder j o in t s on h i gh-vo l tage c h a s s i s should have smooth s u r f a c e s . A n y 

pro t rus ions m a y c a u s e h i gh-vo l tage a r c i n g , p a r t i c u l a r l y a t high a l t i t u d e s . 
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Some of the more r e c e n t T e k t r o n i x osc i l l o scopes have a C R T b ias c o n t r o l . T h i s 

ad jus tment is s o m e t i m e s used as a m a x i m u m i n t e n s i t y c o n t r o l to a l l ow the user to p ro t e c t 

his C R T . When the i n s t r u m e n t is ad jus ted in th i s manner and the i n t e n s i t y is l i m i t e d , 

d imness prob lems may o c c u r a t the f a s t e r sweep speeds . I f t h e r e i s a br i gh tness proo lem 

w i t h a ca thode - r ay tube , c h e c k to be sure tha t the C R T - g r i d b ias is p roper l y s e t . 

In t ens i t y modu la t i on (b lank spots or uneven t r a c e i n t e n s i t y ) is o f t en caused by 

h e a t e r - t o - c a t h o d e l e akage in the o s c i l l a t o r , bad neons in the C R T - g r i d c i r c u i t , or l e a k y 

coupl ing c a p a c i t o r s in the unb lank ing c i r c u i t r y . T h e s e s y m p t o m s a r e o f t en seen when 

h igh-vo l tage tubu la r c a p a c i t o r s have been r e p l a c e d w i th d i s c c a p a c i t o r s T h e prob lem is 

present a t any speed and the f r equency is u s u a l l y about 10 k H z or l e s s , r e l a t i v e to the 

o s c i l l a t o r f r e q u e n c y . I n t ens i t y modula t i on and c o n t r o l p rob l ems c a n a lso be caused oy 

f au l t s in the D C R e s t o r e r (G r id ) c i r c u i t s . 
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Troubleshooting Logic 
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T R O U B L E S H O O T I N G T H E V E R T I C A L S E C T I O N 
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T R O U B L E S H O O T I N G T H E V E R T I C A L S E C T I O N 

T h e v e r t i c a l a m p l i f i e r deve lops a push-pu l l v e r s i on of the input s i gna l f r o m the v e r t i c a l 

p r eamp l i f i e r . These s imu l t aneous pos i t i v e and nega t i v e going a m p l i f i e d s i gna l vo l tages 

a r e then appl ied to the upper and l ower v e r t i c a l d e f l e c t i on p l a t e s , d e f l e c t i n g the C R T 

spot as i t t r a v e r s e s the s c r e e n . T h u s , an a c c u r a t e l y a m p l i f i e d r ep roduc t i on of the or ig ina l 

s igna l is d isp layed on the C R T . In add i t i on , m a n y osc i l l oscopes prov ide a v e r t i c a l s ignal 

output wh i ch a l l o w s the a m p l i f i e d s i gna l to d r i v e o ther d e v i c e s . 

Once you have i so la t ed a f au l t to the V e r t i c a l S e c t i on of the osc i l l o scope , you mus t use a 

more spec i a l i z ed t e chn ique to i s o l a t e the f a u l t down to the o lock , c i r c u i t and component 

l e v e l s . Y o u w i l l now use more of the f r on t pane l v e r t i c a l c o n t r o l s , and l ess of the other 

con t ro l s and i n d i c a t o r s , through you w i l l f ind t h a t you c a n use the h o r i z o n t a l con t ro l s to 

help you t roubleshoot the V e r t i c a l S e c t i o n . 

A s you t roubleshoot the V e r t i c a l S e c t i on , r e m e m b e r to " m i l k " the f ron t pane l for a l l the 

h in ts and c lues a v a i l a b l e to help i s o l a t e the f a u l t . In most c a s e s you c a n i s o l a t e the f au l t y 

b lock l e v e l us ing only the f ron t p a n e l . In many cases you c a n e ven i s o l a t e the problem 

r ight down to the c i r c u i t . In any c a s e , don ' t over look the obv ious . " 

No rma l l y you would w a n t to s t a r t t roub leshoot ing in the midd le o f a f a u l t y s e c t i on to 

more q u i c k l y i s o l a t e the p r ob l em . H o w e v e r , you should e x a m i n e the s imp l e poss ib i l i t i es 

be fore proceed ing w i t h e x t e n s i v e t r oub l eshoo t ing . What is the most c o m m o n t ype of 

f a i l u r e in the V e r t i c a l S e c t i o n ? — F r o n t end f a i l u r e s . T h e s e f a i l u r e s usua l l y o c cu r when 

an operator c onnec t s a s i gna l to the V e r t i c a l Input connec t i on t h a t e xceeds the vo l tage 

r a t i ng of the i n s t r u m e n t or when the i n s t r u m e n t i s g ross ly o v e r - r anged ; for e x a m p l e , 100V 

dc is appl ied when the V O L T S / D I V s e t t i n g is a t lOmV/DIV . 

S ince these f r on t end prob lems a r e m o r e c o m m o n , you should f i r s t t r y to i s o l a t e t h e m to , 

or away f r o m , th i s a r e a . In osc i l l oscopes w i t h p lug- in modules , you c a n do your i n i t i a l 

i so la t ion to the p lug- in by swapp ing the suspec t modules w i t h modules t h a t you know are 

operat ing proper l y . Y o u c a n use the f o l l ow ing procedures on those osc i l l oscopes and 

v e r t i c a l p lug- ins w i t h dua l channe l i npu t s : 
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I S O L A T I N G F A U L T Y P R E A M P L I F I E R S 

1. C h e c k C h a n n e l 1 

A . P ress and hold B e a m F inder 

B . R o t a t e the pos i t ion c o n t r o l through i t s ranges and no te any e f f e c t on the 

d isp lay 

C . C h e c k e a c h posi t ion of the Vo l t s/D i v i s i on S w i t c h 

D . C h e c k e a c h pos i t ion of the Coup l i ng S w i t c h 

Any apprec i ab l e change in the d isp lay may i n d i c a t e a f a u l t in C h a n n e l 1 opera t i on . 

Note these changes but do not r e m o v e the c o v e r f r o m the i n s t r u m e n t or begin to 

t roubleshoot the s e c t i o n y e t . Con t inue to the n e x t s t ep . 

2 . C h e c k C h a n n e l 2 

A . R e p e a t the steps as i n d i c a t e d for C h a n n e l 1 

B . I n v e r t the d isp lay and c h e c k the d i sp lay to see i f the t r a c e pos i t ion is 

i n v e r t e d on the C R T . 

I f the t r a c e pos i t ion i n v e r t s on the C R T when I n v e r t is a c t u a t e d , i t i nd i ca t e s a f a u l t 

in the input s e c t i o n of the C h a n n e l 2 V e r t i c a l A m p l i f i e r . F o r most T e k t r o n i x 

osc i l l oscopes , such a f a u l t would t y p i c a l l y o c cu r w i t h i n the f i r s t tvvo a c t i v e s tages 

(Source F o l l o w e r and A m p l i f i e r ) of the C h a n n e l 2 P r e a m p l i f i e r . I f t h e d isp lay does 

not i n v e r t , con t inue to the n e x t s t ep . 

I f the d isp lay i s f a u l t y in both C h a n n e l 1 and C h a n n e l 2, i t n o r m a l l y i n d i c a t e s one of 

two th ings : 

1. Bo th C h a n n e l 1 and C h a n n e l 2 a r e f a u l t y . 

2 . Bo th C h a n n e l 1 and C h a n n e l 2 a r e good, and the f a u l t i s in one of the c i r c u i t s 

a f t e r the V e r t i c a l P r e a m p l i f i e r s . 

I f one of the channe l s has a n o r m a l d i sp lay and the other is f a u l t y , then y o u ' l l know to 

t roubleshoot the f a u i t y channe l p r e a m p l i f i e r . I f both a r e f a u l t y , cont inue 

t roub leshoot ing to fu r the r i s o l a t e the p r ob l em . 
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I f the f au l t canno t be i s o l a t ed to one of the c h a n n e l p r e a m p l i f i e r s , i s o l a t e the problem to 

one of the o ther b l ocks in the V e r t i c a l S e c t i on by " s u c c e s s i v e a p p r o x i m a t i o n " . Make tes ts 

at the a p p r o x i m a t e midpo int of the V e r t i c a l S e c t i o n . I f the s e c t i o n f a i l s the t e s t , the 

f au l t is probably l o ca t ed behind the t e s t po in t . I f the r e s u l t i n g d isp lay is good, the f au l t is 

usua l l y l o ca t ed be fore the t e s t po in t . By s u c c e s s i v e l y d i v id ing the s e c t i o n into sma l l e r 

sec t i ons and b locks , you i s o l a t e the f au l t into s m a l l e r and s m a l l e r sec t i ons of the 

i n s t r u m e n t . 

On those scopes equipped w i t h T R I G G E R V I E W , you have ano ther t roubleshoot ing too l . 

When T R I G G E R VIEW i s a c t i v a t e d , the T r i g g e r S i gna i f r o m tne T r i g g e r Gene ra to r is 

no rma l l y in j e c t ed into the V e r t i c a l S e c t i o n ' s c i r c u i t r y j u s t be fore the De l a y L i n e . Th i s 

point is idea l s ince i t b r eaks the V e r t i c a l S e c t i o n up in to a p p r o x i m a t e h a l v e s . I f you press 

T R I G G E R V I E W and the i n s t r u m e n t l ias a n o r m a l d i sp lay , the f a u l t is probably l oca ted in 

the s e c t i on be fore the De l a y L i n e D r i v e r . 

Use the r ea r pane l V E R T I C A L S I G N A L S O U T P U T to help f u r the r i s oa t e the f au l t . Y o u 

c a n a lso use the T r i g g e r c on t r o l s in the H o r i z o n t a l S e c t i o n to he lp i so l a t e the f au l t 

f u r t h e r . Se t the T R I G G E R M O D E to N O R M , T R I G G E R C O U P L I N G to D C , T R I G G E R 

S O U R C E to C H 1 ( I N T E R N A L ) , and s e t the V E R T I C A L M O D E to C H 1. Se t the C H 1 

V O L T S / D I V to lOmV/DIV and i n j e c t a 5 0 m V s i gna l in to the C H 1 inpu t . R o t a t e the 

T R I G G E R L E V E L c o n t r o l and observe the T R I G G E R E D i n d i c a t o r . I f the ind i ca to r l i gh ts , 

i t i nd i ca t e s tha t the c i r c u i t r y be fore the T r i g g e r P i c k o f f c i r c u i t is O K . 

A f t e r you have f i n i shed t roub leshoot ing th i s f a r and you have i s o l a t ed the f au l t down to 

one of the major f u n c t i o n a l b locks r e m o v e the c o v e r and v e r i f y your conc lus ions . F r o m 

th i s point on, your t roub leshoot ing should be done us ing the " s u c c e s s i v e a p p r o x i m a t i o n " 

method wh i l e using as f e w tools and t e s t i n s t r u m e n t s as poss ib le . 
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Where cou ld you m a k e a t e s t t h a t would d i v ide the V e r t i c a l S e c t i on up in to a p p r o x i m a t e 

h a l v e s ? — I f you sa id the D e l a y L i n e , you a r e c o r r e c t . I f you d i dn ' t , go back and look a t 

the block d i a g r a m . Use a shor t ing s t r a p (or s c r e w d r i v e r ) to sho r t tne ends of the De lay 

L i n e together . I f the d isp lay r e tu rns to about the c e n t e r of the C R T , the f a u l t is before 

the De l a y L i n e . I f t h e d isp lay is s t i l l o f f - s c r e e n , the prob lem is in the V e r t i c a l Output 

A m p l i f i e r , the C R T , or in the connec t i ons be tween t h e m . In e i the r c a s e , be fore or a f t e r 

the De lay L i n e , use the g ene ra l t roub leshoo t ing t echn iques p resen ted in the back of th i s 

s e c t i on to fu r the r i s o l a t e the p r ob l em . 

I S O L A T I N G F A U L T S IN T H E V E R T I C A L S O F L A B O R A T O R Y O S C I L L O S C O P E S 

T n e V e r t i c a l S e c t i on of L a b o r a t o r y Osc i l l o s copes is made eas i e r b ecause of the modular 

na tu r e of the p lug - ins . Y o u c a n d i v ide and t e s t the v e r t i c a l s e c t i o n e a s i l y by s imply 

swapp ing the p lug - in . I f the f a u l t is r emoved when the p lug- in i s swapped , use the g ene ra l 

t roubleshoot ing t ips in the back of th i s s e c t i o n to f u r t h e r i s o l a t e the p r o b l e m . 

I f the f au l t is not a f f e c t e d by chang ing the p lug - in , d i v ide the r e m a i n i n g por t i on of the 

v e r t i c a l s e c t i o n into h a l f by us ing the C R T R e a d o u t . T u r n the R E A D O U T I N T E N S I T Y up 

to about the 12 o ' c l o ck pos i t i on . I f the R e a d o u t is on the d i sp lay in a p p r o x i m a t e l y the 

c o r r e c t pos i t i on , but the sweep is d e f l e c t e d o f f s c r e e n (use the B E A M F I N D E R to c h e c k ) , 

the f au l t is l o c a t e d in the c i r c u i t r y be fo re the V e r t i c a l Output B o a r d . T h i s c a n be v e r i f i e d 

by shor t ing the output ends of the De l a y L i n e toge ther w h e r e i t c o n n e c t s in to the V e r t i c a l 

Output B o a r d . I f the d isp lay is a p p r o x i m a t e l y c e n t e r e d on the C R T when the De lay l ine is 

shor t ed , the f au l t is in the V e r t i c a l I n t e r f a c e B o a r d , the D e l a y L i n e , or in the connec t i ons 

somewhere be tween the output of the p lug- in and the output of the D e l a y L i n e . 

I f the f au l t is not r e m o v e d by shor t ing the D e l a y L i n e , t he f a u l t is e i t h e r in the V e r t i c a l 

Output Boa rd , the C R T , or in the connec t i ons to the C R T . P r e s s the B E A M F I N D E R and 

observe the d i sp l ay . I f the d i sp lay c a n be seen on tne C R T , the f a u l t is probably on the 

V e r t i c a l Output B o a r d . 
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A f t e r you have i s o l a t ed the f a u l t to the board or b lock , use the g ene ra l t roubleshoot ing 

t ips tha t f o l l ow to fu r the r i s o l a t e the p r o b l e m . 

Troub leshoot ing T i p s for the V e r t i c a l S e c t i on 

R e m e m b e r , a s you con t inue to t roub leshoot , you should c o n t i n u e to m i l k the f ront and 

r ea r pane ls for c l u e s t h a t may l e ad you to the source of the p r ob l em . Y o u should a lso 

con t inue to use the " s u c c e s s i v e a p p r o x i m a t i o n " method of f a u l t i s o l a t i o n . 

C o m m o n Mode Ope ra t i on 

A s imp le c l i p l ead c a n be i n va luab l e for t roub leshoot ing f a u l t s in w h i c h the beam is 

d e f l e c t ed o f f - s c r e e n . T h i s t e chn ique i s s o m e t i m e s c a l l e d " c o m m o n mod ing " the s t ages . 

In a t r a n s i s t o r i z e d c i r c u i t , th i s i s a c c o m p l i s h e d by c onnec t i ng a c l i p l ead oe tween the 

bases of the t r a n s i s t o r pa i r i n a P u s h - P u i i A m p l i f i e r ( i t a l so w o r k s on Pa raphase 

A m p l i f i e r s ) as i l l u s t r a t e d in F i g u r e 1. I f the t r a c e d e f l e c t s t o about the c e n t e r of the 

C R T , the f a u l t i s l o c a t e d be fo re the s t a g e t h a t is shor t ed ou t . I f t h e beam is s t i l l 

d e f l e c t ed o f f - s c r e e n , the f a u l t is l o c a t e d a f t e r the c onnec t i ng po in ts . 

F I G U R E 1 

C o m m o n Mode O p e r a t i o n of a P u s h - P u i l A m p l i f i e r 
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Th i s t echn ique c a n a lso be used in those i n s t r u m e n t s t h a t use In t e g ra t ed C i r c u i t 

A m p l i f i e r s . S i m p l y use a c l i p l ead to shor t the s i gna l input pins o f the a m p l i f i e r s t age , 

together as i l l u s t r a t e d in F i g u r e 2 . 

No t i ce t h a t t h i s i s a n i d ea l t e chn ique for s ome i n s t r u m e n t s because of the c on f i gu ra t i on 

of the I C ' s used in the V e r t i c a l A m p l i f i e r c i r c u i t r y . T h e e x a m p l e in F i g u r e 2 i s a 

T e k - m a d e V e r t i c a l A m p l i f i e r , par t number 1 5 5 - 0 0 7 8 - X X . T h i s I C i s used in the V e r t i c a l 

S e c t i on of m a n y T e k osc i l l o scopes , such as the 4 6 5 B , 4 7 5 , and 4 7 5 A , and a l so in V e r t i c a l 

A m p l i f i e r s such as the 7 A 2 6 . T h e s e I C ' s c a n be shor ted w i thou t using a sho r t ing s t r a p . 

C a r e f u l l y shor t pins 1 and 6 t oge ther w i t h the t i p of a s m a l l " t w e e k e r " . N o t i c e in F i g u r e 3 

t h a t these pins a r e ad j acen t to e a c h o the r on the I C and t h a t t h e y a r e m a r k e d by a "do t " 

(pin 1 i nd i c a t o r ) on the body of t h e I C . 

F I G U R E 2 

C o m m o n Mode Ope ra t i on of an I C A m p l i f i e r 

F I G U R E 3 : V e r t i c a l I C A m p l i f i e r 



T R O U B L E S H O O T I N G T H E V E R T I C A L S E C T I O N 

T r a c k i n g D o w n a No isy C i r c u i t 

Y o u c a n also use the " s u c c e s s i v e a p p r o x i m a t i o n " method for t r a c k i n g down noisy c i r c u i t s 

and components . When t r a c k i n g down the s o u r c e of no ise , you may use e i t h e r the snor t ing 

s t r ap as desc r ibed in the prev ious t ips or y ou may e l e c t to observe the output of the 

s e l e c t ed a m p l i f i e r s tages w i t h an osc i l l o s cope . When using the sho r t ing s t r a p , shor t the 

input to a s tage and observe the d i sp lay . I f the noise d i sappea rs , the noise is being 

genera ted in one of the c i r c u i t s be fore the sho r t ed i n p u t . I f the noise c on t inues , the f au l t 

is in the c i r c u i t r y s o m e w h e r e a f t e r the s h o r t . Whether y ou use the shor t ing s t r a p or an 

osc i l l oscope to i s o l a t e the no ise , s imp ly d i v i de the f a u l t y s e c t i on in t o s m a l l e r and s m a l l e r 

p i eces u n t i l you have i so la t ed the f au l t down to one or t w o s tages o f c i r c u i t r y . 

A f t e r you have the source of the noise i s o l a t ed to a couple of suspec t c i r c u i t s , you wi l t 

need an osc i l l o scope for f u r t h e r t roub leshoot ing . Set the V O L T S / D 1 V on the t e s t 

osc i loscope to 5 m V / D I V (or l ess ) and c o n n e c t the t e s t probe to the output of the suspec t 

a m p l i f i e r s t a g e . L i g h t l y tap the suspec t ed components in the c i r c u i t w i t h a "spudger " (a 

n o n - m e t a l l i c wand) and observe the d i sp l ays on the o sc i l l o s copes . I f you no t i c e a n 

apprec i ab l e i n c r e a s e in noise when a p a r t i c u l a r component is tapped , c h e c k the component 

c a r e f u l l y (or subs t i t u t e ) and c h e c k those componen t s t h a t a r e c o n n e c t e d to the suspec t 

component . A nea t gun and a coo lan t spray may a lso he lp to I s o l a t e the f a u l t to a n 

ind i v idua l c omponen t . 

I f the noise appears to be c o n s i s t e n t in a m p l i t u d e and f r e quency , i t is probably a r e s u l t of 

o s c i l l a t i ons in the c i r c u i t r y on the ooa rd . B e c a u s e of t h e f eedback n a t u r e of th i s k ind of 

p rob l em, i t is ha rde r to i s o l a t e the source of the noise — i t may be the r e s u l t of 

i n t e r a c t i o n be tween s e v e r a l c i r c u i t s or c omponen t s . Y o u m a y be ab l e to so l ve th i s 

prob lem by r e - o r i e n t i n g the lead dress of c ab l e s , c onnec t o r s and componen t s w t h i n the 

c i r c u i t r y . When repos i t i on ing componen ts , be c a r e f u l or you may s t r e s s the leads — th i s 

c a n cause f r a c t u r e s a t e i the r the component end or board end of the component l e ad . Do 

not ad just or r epos i t i on t r a n s i s t o r s t h a t a r e so lde red onto the boa rd . S i n c e t r a n s i s t o r s a r e  

three l ead componen ts , they f o rm a t r i a n g u l a r c onnec t i on to the board . A n y s t r e s s  

aga inst the o r i en t a t i on of the t r a n s i s t o r may c a u s e damage to the board or to the 

t r a n s i s t o r . 
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T R O U B L E S H O O T I N G T H E V E R T I C A L S E C T I O N 

I f you have t rouble l o ca t i ng the source of the o s c i l l a t i o n s , use a "snooping loop" to h e l p . 

F o r m a 1 inch loop in the midd le of a n " e a s y c l i p " c onnec t o r . Hold the loop so t h a t i t is 

p a r a l l e l w i t h the p lane of the c i r c u i t board . S l o w l y pass the loop c l o s e l y over the top of 

the suspec t c i r c u i t r y and c l o s e l y observe the o s c i l l a t i ons on the d i sp l ay . I f you no t i ce a n 

apprec i ab l e i n c r e a s e or d e c r e a s e in the a m p l i t u d e or f r e quency of the o s c i l l a t i o n s as you 

pass the loop over a p a r t i c u l a r c i r c u i t or a r e a of the board , t roub leshoot the c i r c u i t r y 

around tha t a r e a . 
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We w i l l a s sume , a t th i s po int , t h a t you have f o l l owed the p rocedures in the s e c t i on of th i s 

book on I S O L A T I N G T H E F A U L T Y S E C T I O N . We w i l l a lso a s sume t h a t you have i so la t ed 

the f au l t to the H o r i z o n t a l S e c t i o n us ing the procedure under the s u b - t i t l e of 

H O R I Z O N T A L . I f you have not r ead t h a t s e c t i on of the book and have not p e r f o rmed the 

procedures for i s o l a t ing to the H o r i z o n t a l S e c t i o n , go back and do so a t th i s t i m e . R e f e r 

to the T a b l e of C o n t e n t s to l o ca t e th is s e c t o n . 

T h e H o r i z o n t a l S e c t i o n of the osc i l l o scope is respons ib le for the g ene ra t i on of the ga te 

logic for unb lank ing the C R T , and for the g ene ra t i on and process ing of the sweep s i gna l 

used to d r i v e the ho r i z on ta l s e c t i o n of the C R T . T h e H o r i z o n t a l S e c t i o n cons i s t s of the 

T r i gge r Gene ra t o r , the Sweep G e n e r a t o r , and the H o r i z o n t a l A m p l i f i e r . 

Once you have i s o l a t ed a f a u l t to the H o r i z o n t a l S e c t i o n , you c a n begin to i s o l a t e i t to the 

s m a l l e r s ec t i ons and b locks . T h e F r o n t P a n e l i s s t i l l the best t oo l you c a n use for 

t roubleshoot ing — m i l k the F r o n t P a n e l c on t r o l s for a l l s y m p t o m s and i n d i c a t i o n s . Don ' t 

forget t h a t yo a lso have the s i gna l outputs on the r e a r pane l to he lp you t roub leshoot the 

i n s t r u m e n t . F o r e f f e c t i v e t roub l eshoo t ing , e x a m i n e the s imp l e poss ib i l i t i e s be fore 

proceed ing w i t h e x t e n s i v e t r oub l eshoo t ing . 

T h e f i r s t th ing to do when i s o l a t i ng a f a u l t in the H o r i z o n t a l S e c t i o n i s to break the 

s e c t i on down into two sub - sec t i ons : 

T i m e b a s e C o n s i s t s of the T r i g g e r P i c k o f f C i r c u i t , the T r i g g e r G e n e r a t o r , and the 

Sweep G e n e r a t o r . T h i s c i r c u i t is respons ib le for p rocess ing an input 

t r i gge r s i gna l ( i n t e r n a l or e x t e r n a l ) , g ene ra t ing the ga t e log ic for 

unb lank ing and sweep , and g ene ra t ing a p r e c i s e l i n ea r r a m p for d r i v ing 

the H o r i z o n t a l A m p l i f i e r . 

Ho r i z on t a l 

A m p l i f i e r P r o cesses and a m p l i f i e s the sweep vo l t age f r o m the T i m e b a s e and 

prov ides the d r i v e s i gna l r equ i r ed for the h o r i z o n t a l d e f l e c t i on of the 

beam ac ross the C R T . 
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I S O L A T I N G T H E H O R I Z O N T A L A M P L I F I E R 

When you were pe r f o rm ing the p rocedures to I s o l a t e the f a u l t y s e c t i o n , you had two major 

condi t ions tha t i n d i c a t e d a f au l t in the H o r i z o n t a l S e c t i o n . One cond i t i on was the 

presence of a dot on the d isp lay ins t ead of a sweep . The o ther was a dot on the d isp lay 

tha t you could only see by press ing the B E A M F I N D E R . Bo th of these cond i t i ons i nd i ca t ed 

f au l t s in the H o r i z o n t a l S e c t i o n . T h e f o l l ow ing procedures and t ips w i l l ne lp you i s o l a t e a 

f au l t w i t h i n the s e c i o n . 

In keeping w i th the s u c c e s s i v e a p p r o x i m a t i o n method of t roub leshoot ing , you must d iv ide 

and t es t the H o r i z o n t a l S e c t i o n a t about the midpo int of tne s e c t i o n . T h i s is qu i te s imple 

i n the osc i l l oscope because the two major sub - sec t i ons of the H o r i z o n t a l Sec t i on pe r f o rm 

such d i f f e r en t func t i ons , one i s a g ene ra to r and the o ther is an a m p l i f i e r . T h i s f a c i l i t a t e s 

ease of fu r the r f a u l t i s o l a t i on . 

On most osc i l l oscopes , you c a n e a s i l y i s o l a t e the t w o sub-sec t i ons by c h e c k i n g the s ignals 

at the r ea r pane l " A " S W E E P O U T P U T and the S W E E P G A T E O U T P U T . I f both of the 

output s igna ls a r e present and appear to be n o r m a l , the prob lem is probably l o ca t ed in the 

H o r i z o n t a l A m p l i f i e r . I f one or both of the s i gna l s is m i s s ing or i n c o r r e c t , the problem is 

in the T i m e b a s e . 

N O T E : When mak ing th i s c h e c k , ensure t h a t the f ron t pane l c on t r o l s a r e set up 

acco rd ing to the P r e l i m i n a r y F r o n t P a n e l Se t -up p resen ted in the f ront of th i s 

book. Make sure t h a t you have the T r i g g e r Mode in F R E E R U N or A U T O M A T I C . 

Y o u c a n a lso i s o l a t e the two sub -sec t i ons ano the r way on those osc i l l oscopes tha t have 

" X - Y M O D E " c a p a b i l i t i e s . F i r s t , m a k e sure t h a t a l l h o r i z o n t a l and v e r t i c a l pos i t ion 

con t ro l s a r e c e n t e r e d . R o t a t e the T I a l E / D I V s w i t c h to the " X - Y " pos i t i on . Y o u should 

have a dot near the c e n t e r of the d i sp l ay . I f a dot does not appear , the f a u l t is probably in 

the H o r i z o n t a l A m p l i f i e r . Y o u c a n v e r i f y th i s f u r t h e r by press ing the B E A M F I N D E R and 

observ ing the d i sp l ay . I f you get a c e n t e r e d dot , the prob lem may be in the T i m e b a s e or 

in the C R T S e c t i o n . I f you get a dot tha t is d e f l e c t ed to e i t h e r s ide of the d i sp lay , the 

f au l t is probably l o ca t ed in the H o r i z o n t a l A m p l i f i e r . 
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Y o u can v e r i f y the f au l t l o ca t i on a f t e r r e m o v i n g the cove r f r om tne i n s t r u m e n t . Set the 

f ront pane l con t ro l s a c c o r d i n g to the P r e l i m i n a r y F r o n t P a n e l Se t -up in the s e c t i on of this 

book on I S O L A T I N G T H E F A U L T Y S E C T I O N . Use a sho r t ing s t r a p to c o m m o n mode the 

paraphase amp l i f i e r a t the input of the H o r i z o n t a l A m p l i f i e r . 

N O T E : In some i n s t r u m e n t s , the H o r i z o n t a l A m p l i f i e r i s l o ca t ed on a board t h a t makes 

a c c e s s d i f f i c u l t . Be v e r y c a r e f u l when c o m m o n moding the a m p l i f i e r s tages and 

m a k i n g other t e s t s on the board to p r e v e n t pe rsona l in ju ry and f u r t h e r damage to 

the i n s t r u m e n t wh i l e t r oub l eshoo t ing . 

If the display is a h o r i z o n t a l l y pos i t ioned dot , the f au l t is in the T i m e b a s e sub - sec t i on and 

you should r e f e r to the f o l l ow ing s e c t i on - on I S O L A T I N G F A U L T S IN T H E T I M E B A S E . If 

the beam is s t i l l d e f l e c t ed ho r i z on ta l l y t o the edge of t h e d i sp lay , the f a u l t i s in the 

H o r i z o n t a l A m p l i f i e r and you c a n i s o l a t e the f au l t by using the s a m e procedures and 

techniques desc r ibed in T R O U B L E S H O O T I N G T H E V E R T I C A L S E C T I O N . 

Lab Ins t rumen t s Osc i l l o scope T i p s and P r o c e d u r e s 

T h i s s tep is easy in the L a b o r a t o r y Osc i l l o s copes . I f you have a f a i l u r e i n the Ho r i z on t a l 

S e c t i on of the i n s t r u m e n t , s w a p the H o r i z o n t a l T i m e b a s e w i t h a T i m e b a s e t h a t is known 

to be good. 

I f the h o r i z o n t a l d i sp lay i s n o r m a l as a r e s u l t of swapp ing the p lug - ins , t h e prob lem is 

probably in the H o r i z o n t a l T i m e b a s e t h a t was r e m o v e d . I f you suspec t the f a u l t is in the 

t imebase , r e f e r to the s e c t i on of th is book on I S O L A T I N G F A U L T S IN T H E T I M E B A S E . 

If you s t i l l do not have a d isp lay a f t e r swapp ing the p lug - in , the proo lem i s probably in the 

m a i n f r a m e and c a n now be f u r t h e r i s o l a t ed t o the H o r i z o n t a l I n t e r f a c e Board (if 

app l i cab l e ) , the H o r i z o n t a l A m p l i f i e r , the C R T , or in the connec t i ons be tween t h e m . If 

you have no sweep but the C R T Readou t is n o r m a l ( ensure t h a t the R E A D O U T M O D E 

S w i t c h is in the F R E E R U N pos i t ion ) , t h e f a u l t i s probably in the I n t e r f a c e B o a r d . I f you 

have ne i ther d isp lay nor Readout , the prob lem is probably on the H o r i z o n t a l Amp l i f i e r 

Boa rd or in the C R T . In e i ther c a s e , the l o ca t i on of the f au l t c an be v e r i f i e d by one, or 

both, of the two fo l l ow ing methods . 
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T h e f i r s t method is to use a sho r t ing s t r a p s to c o m m o n mode the input of the Ho r i z on ta l 

Board using the t echn ique desc r ibed in the V e r t i c a l S e c t i on of th i s book. T h e s i gna l is 

push-pul l coup led f r o m the H o r i z o n t a l I n t e r f a c e Boa rd (or p lug- in ) to the Hor i z on ta l 

A m p l i f i e r . Use a shor t ing s t r a p to shor t the push-pu l l s i gna l toge ther a t the input of the 

a m p l i f i e r . T h e r e s u l t a n t d isp lay should be a dot near the c e n t e r of the d i sp l ay . I f the dot 

does r e tu rn to the c e n t e r of the d i sp lay , the f au l t is in the I n t e r f a c e or input connec t i on 

to tne H o r i z o n t a l A m p l i f i e r . I f i t does not r e t u r n , the prob lem is in the Hor i z on ta l 

A m p l i f i e r . 

N O T E : T h e r e a r e two th ings to r e m e m b e r i f you use th i s t e chn i que . F i r s t , ensure t h a t 

a l l v e r t i c a l and ho r i z on ta l pos i t ion c on t r o l s a r e c e n t e r e d be fore pe r f o rm ing th is 

p rocedure . T h e second is t h a t , on some i n s t r u m e n t s , the C R T Readout may 

become compressed to dots a t the top and bot tom of the C R T when you shor t the 

input to the board . 

The second method of v e r i f y i n g th is f a u l t i s o l a t i on i s to use an osc i l l o s cope . C o n n e c t the 

probe of a t e s t osc i l l o scope to one of the legs of t h e push-pu l l input to the Ho r i z on t a l 

A m p l i f i e r B o a r d . T h e s i gna l should be a pos i t i v e or n ega t i v e going r a m p of about 265 mV 

in amp l i tude . T h i s equates to the s t a n d a r d of 25 m V / D i v of d e f l e c t i on used in most T e k 

L a b I n s t rumen t s . A f t e r you have measur ed one s ide of the s i gna l input , p l ace the probe on 

the other input and you should m e a s u r e a 265 m V r a m p of opposi te po l a r i t y to the f i r s t leg 

measured . I f e i the r of the inputs a r e m i s s ing or app r e c i ab l y l o w e r than 265 mV in 

amp l i tude , the probe lm is in the input to the board . I f both of the input s i gna ls a r e good, 

the problem is in the H o r i z o n t a l A m p l i f i e r B o a r d . 

A f t e r you have i so l a t ed the f a u l t of t h i s f a r , you a r e e s s en t i a l l y down to the c i r c u i t l e v e l 

of t roub leshoot ing . Use the s a m e t e chn iques to t roubleshoot th i s c i r c u i t r y tha t was 

descr ibed e a r l i e r for T R O U B L E S H O O T I N G T H E V E R T I C A L A M P L I F I E R . 
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T y p i c a l H o r i z o n t a l P r ob l ems 

P r o b l e m : Sweep l eng th d e c r eas e s a t f a s t sweep speeds . Non l i n ea r i t y and s o m e t i m e s 

sweep compress i on to the r i g h t . 

So lu t i on : T h i s p rob lem is t y p i c a l l y caused by an open c o l l e c t o r load to 

one of the s t a g e s . 

A n open decoup l ing r e s i s t o r w i l l a lso c a u s e th i s p rob l em. 

P r o b l e m : Compres s i on or expans ion of the sweep as i t is pos i t ioned f r om one side to 

the o ther . 

So lu t i on : T h i s p rob lem is t y p i c a l l y caused by the diode ne two rk be tween 

the bases of the a m p l i f i e r . C h e c k for l e a k y d iodes . 

P r o b l e m : H o r i z o n t a l sweep c o n t r o l c e n t e r pos i t ion is sh i f t ed and c o n t r o l i s non l inear . 

So lu t i on : C h e c k for an open c i r c u i t in the c e n t e r tapped load r e s i s t o r s of 

the output a m p l i f i e r . 

P r o b l e m : Non l inear s w e e p . 

So lu t i on : A f a u l t y input e m i t t e r f o l l owe r may a lso c a u s e the p rob l em . 

C h e c k for l e a k y c a p a c i t o r s and t r a n s i s t o r s in the input c i r c u i t r y . 

P r o b l e m : Pos i t i on range o f f - c e n t e r e d . 

So lu t i on : C h e c k the input compensa t ed d i v ide r of the input p r e - a m p l i f i e r . 
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T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N 

I S O L A T I N G F A U L T S IN T H E T I M E B A S E 

Troub leshoot ing f a u l t s w i t h i n a n a m p l i f i e r s e c t i o n ( v e r t i c a l or ho r i z on ta l ) of an 

osc i l l oscope is p r e t t y s t r a i g h t - f o r w a r d s i n c e a s i gna l is usua l l y p rocessed s t r a i g h t through 

the c i r c u i t r y . T h i s means tha t the r e a r e usua l l y no loops or f e edback paths w i th in the 

a m p l i f i e r s e c t i ons to compound the t roub leshoo t ing p rocess . T h e r e f o r e , the succ e s s i v e 

app rox ima t i on method of f au l t i so la t i on works v e r y e f f i c i e n t l y . 

T h i s is not t rue for the T i m e b a s e s e c t i o n because the c i r c u i t r y w i t h i n the T i m e b a s e does 

f o rm a loop. T r y i n g to use the s u c c e s s i v e a p p r o x i m a t i o n method to t roubieshoot a 

T i m e b a s e is someth ing l i k e t r y i n g to f ind the mid-po in t around the edge of a c i r c l e . 

Howeve r , i f you e s t ab l i sh a s t a r t i n g point a long the edge of the c i r c l e , you c a n eas i l y f ind 

a corresponding m id -po in t . No t i c e t h a t the k ey he re is to e s t a b l i s h a r e f e r e n c e point f r om 

wh i ch to s t a r t . T h i s i s a lso the key to t roub leshoo t ing the T i m e b a s e . 

Many t e c h n i c i a n s h a v e t rouo le i s o l a t i ng f a u l t s w i t h i n the T i m e b a s e o f an i n s t r u m e n t 

because they t r y to t roubieshoot the c i r c u i t r y w i thou t hav ing a thorough unders tand ing of 

the loop c oncep t . T h e best way to t roub ieshoo t the T i m e b a s e is to t roubieshoot the 

" s equence " of e v en t s needed to g e n e r a t e the sweep . T h i s " s equence " is p r ed i c t ab l e and 

r epea tab l e , and has many e v e n t s t h a t c a n be e a s i l y i d en t i f i ed by the t e c h n i c i a n . L e a r n 

th i s sequence and i t s i d en t i f i ab l e e v e n t s and you c a n e a s i l y apply the t roubleshoot ing 

methods and procedures p resen ted in the f i r s t s e c t i o n of th i s book. 

K e e p the f o l l ow ing in mind as you progress through the r ema inde r o f this s e c t i o n : 

W H E N I S O L A T I N G F A U L T S W I T H I N T H E T I M E B A S E , 

T R O U B L E S H O O T T H E S E Q U E N C E — N O T T H E C I R C U I T R Y . 
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T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N 

T i m e b a s e Sequence 

T h e f i r s t th ing to do in t rouo leshoot ing the T i m e b a s e i s to e s t a b l i s h a r e f e r e n c e s t a r t i n g 

point . F o r th i s sequence , cons ider the s t a r t i n g point to be the " Q u i e s c e n t " per iod , the 

i n t e r v a l s t a r t i n g r i gh t at the end of Ho l d -O f f — th i s w i l l be the r e f e r e n c e point for a i l 

other e v en t s in the sequence . T h e ou t l ine t h a t f o l l ows w i l l i den t i f y the even ts in the 

sequence by n a m e , de f in i t i on , and c h a r a c t e r i s t i c s . R e f e r to the " A " Sweep Sequence 

D i a g r a m on the f o l l ow ing page to see the pos i t i on of e a c h e v en t in the s equence . No t i c e 

tha t the even ts a r e l i s t ed in the order of the i r o c c u r a n c e w i t h i n the s equence . 

N O T E : Y o u can observe some of these e v en t s be t t e r i f you ope ra t e the osc i l l oscope in 

the S I N G L E S W E E P M O D E of ope ra t i on . Be f o r e c on t inu ing , se t the T I M E / D I V to 

1 S/DIV , " A " S W E E P , S I N G L E S W E E P and I N T E R N A L T R I G G E R . 
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T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N 

N O T E : Where app l i cab l e , t h e r e is a K E Y I N D I C A T O R for e a c h of the even ts in the 

sequence . T h i s K E Y I N D I C A T O R points out a p r ed i c t ed o c c u r a n c e tha t y o u 

should be ab l e to observe on the d i sp lay or on the f r on t pane l i n d i c a t o r s . 

E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

Q U I E S C E N T P E R I O D T h i s is the r e f e r e n c e s t a r t i n g po in t . I t is the i n t e r v a l be tween 

H O L D - O F F and T r i g g e r . T h i s s t a t e o c c u r s when H O L D - O F F 

has t i m e d out and ended, and the i n s t r u m e n t is now w a i t i n g for 

a T r i g g e r . 

K E Y I N D I C A T O R - T h e R E A D Y ind i ca t o r w i i l i l l u m i n a t e w h e n 

the i n s t r u m e n t i s in th i s s t a t e and the i n s t r u m e n t is in t h e 

S I N G L E S W E E P M O D E . (Ve r i f y th is on the A S W E E P 

S E Q U E N C E F L O W C H A R T . ) Se t the T I M E / D I V c o n t r o l to i 

5/div, s e l e c t S I N G L E S W E E P . P r e s s the S I N G L E S W E E P R E S E T 

button to a r m i t . T h e R E A D Y l i ght should t u r n on . 

Y o u c a n a l so obse rve th i s s t a t e by c h e c k i n g the s t a t e of the 

T u n n e l Diodes ( i f a p p l i c a b l e ) . B o t h diodes should be in the L o w 

s t a t e ( less t h a n 100 mV on the Anode ) and H O L D - O F F should be 

i n a c t i v e . 

A R M E D T h e T r i g g e r c i r c u i t is A r m e d and is r eady to genera t e a 

t r i g ge r . I f the T R I G G E R S L O P E is s e t for a pos i t i v e (+) t r i gge r , 

the c i r c u i t w i l l be A R M E D (qua l i f i ed ) by the f i r s t nega t i v e (-) 

t r i gge r s i gna l o c c u r a n c e in the Q U I E S C E N T P E R I O D . 

Y o u c a n s e t th i s cond i t i on when the scope is in the S I N G L E 

S W E E P M O D E . Se t the T R I G G E R S L O P E to + (pos i t i v e ) slope 

and r o t a t e the L E V E L c o n t r o l f u l l y c l o c k w i s e . P r e ss the 

S I N G L E S W E E P R E S E T then r o t a t e the L E V E L c on t r o l s l ow ly 

c o u n t e r c l o c k w i s e to i t s s top . T h e T r i g g e r is now A R M E D . 
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E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

A R M E D (Cont . ) Y o u c a n t e s t th i s s t a t e in those scopes w i t h T u n n e l Diodes in 

the T r i g g e r G e n e r a t o r . C o n n e c t the t e s t probe to the anode of 

the A R M T u n n e l D iode . T h e r e should be about W0-50Q mV a t 

the anode of t h e d iode. I f not , c h e c k the T u n n e l Diode and the 

T u n n e l Diode D r i v e r C i r c u i t r y . 

In those i n s t r u m e n t s w i t h an i n t e g r a t e d T r i g g e r G e n e r a t o r , you 

cannot t es t th i s s t e p . 

F I R E D T h i s is the T r i g g e r f r o m the T r i g g e r G e n e r a t o r . T h e output 

f r o m the c i r c u i t m a y be c a l l e d T r i g g e r , Sweep G a t e , or Ma in 

G a t e . I t may a lso have an Au to D i sab l e G a t e . T h i s o c c u r a n c e 

s i gn i f i e s t h a t the T r i g g e r G e n e r a t o r has p rocessed a s i gna l of 

the c o r r e c t p o l a r i t y and a m p l i t u d e , as se t by the f ront pane l 

c on t r o l s . 

In the prev ious s tep of the sequence you A R M E D the T r i g g e r 

G e n e r a t o r . Now t h a t you have i t a r m e d , you c a n F I R E i t by 

r o t a t i n g the L E V E L c o n t r o l c l o c k w i s e . 

K E Y I N D I C A T O R - - I f t h e i n s t r u m e n t T r i g g e r s p roper l y , the 

T R I G G E R E D l i gh t w i l l i l l u m i n a t e . (Note th i s on the A S W E E P 

S E Q U E N C E F L O W C H A R T . ) 

T h e T r i g g e r Pu lse (Sweep G a t e ) w i l l be sent to the Sweep 

G e n e r a t o r and to the Sweep and Z - A x i s L o g i c s e c t i ons . Th i s 

s t a t e w i l l a l so d i sab le the A U T O c a p a b i l i t i e s of the sweep Log i c 

C i r c u i t r y . 
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E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

F I R E D (Cont . ) On those scopes w i t h T u n n e l Diodes ( T D ) , you c a n c h e c k th is 

s t a t e by c o n n e c t i n g a t e s t prooe to the anode of the F I R E 

T u n n e l D iode . I f the T D is f i r e d , the output vo l tage w i l l be 

400-500 m V . I f the vo l t age is not up to th i s l e v e l , the T D has 

not f i r e d . C h e c k the T u n n e l Diode and the T u n n e l Diode D r i v e r 

c i r c u i t r y . 

On the i n s t r u m e n t s w t h i n t e g r a t ed T r i g g e r G e n e r a t o r s , measure 

the output of the T r i g g e r G e n e r a t o r I C for the proper t r i gger 

l e v e l . T h i s t r i gger w a v e f o r m s p e c i f i c a t i o n s a r e usua l l y 

prov ided i n a Vo l tage and W a v e f o r m C h a r t l o ca t ed in the 

M a i n t e n a n c e S e c t i o n of the S e r v i c e I n s t r u c t i o n Manua l . 

S W E E P S T A R T G A T E T h i s is the output of the Sweep S t a r t C o m p a r a t o r . Tt ie T r i g g e r 

f r om the T r i g g e r G e n e r a t o r is p rocessed through the Sweep 

S t a r t C o m p a r a t o r to ensure a proper t r i gge r output l e v e l . T h i s 

ga te d r i v e s the Sweep G e n e r a t o r and the Unb lank ing G a t e 

G e n e r a t o r . 

K E Y I N D I C A T O R - I f the T R I G G E R E D l i gh t is i l l u m i n a t e d but 

you s t i l l do not have a d i sp lay , press the B E A M F I N D E R . I f the 

d isp lay is a dot t h a t is " s t u c k " to the l e f t s ide of the d i sp lay , 

and i t c a n only be seen by press ing the prev ious s tages . T h e 

T R I G G E R E D l i gh t i nd i ca t e s t h a t the F I R E has been comp l e t ed , 

so the f a u l t i s probably in the Sweep S t a r t C o m p a r a t o r . T h i s is 

t rue only i f the sweep has not r u n . 

I f the sweep is i n any other cond i t i on , the prob lem is e l s e w h e r e . 
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E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

U N B L A N K T h i s e v en t in the sequence is m a r k e d by the genera t i on of the 

ga te log ics ne c e s sa r y to unblank the C R T a t the beginning of 

sweep . T h e U N B L A N K gate prov ides the unbiank ing log ic to 

the Z - A x i s A m p l i f i e r to t u r n on the beam in the C R T . 

K E Y I N D I C A T O R — A f t e r the U N B L A N K even t has o c c u r r e d , 

you c a n see the d isp lay w i thou t hav ing to press the B E A M 

F I N D E R . T h e C R T w i l l have a v i s ib l e t r a c e or spot . 

I f t h e d isp lay i s a sweep t h a t c a n only be seen by press ing 

B E A M F I N D E R , the f a u l t is probably in the Unb lank A m p l i f i e r 

or in the C R T and Z - A x i s S e c t i o n . 

Ln many osc i l l oscopes , the ga te gene ra to r for the unb iank ing 

log ic a l so g ene ra t e s the " A " G A T E t h a t i s a v a i l a b l e to the r e a r 

pane l c onnec t o r of the i n s t r u m e n t . C h e c k the s c h e m a t i c s and 

m e a s u r e the output of the A G A T E O U T P U T , i f app l i c ab l e . 

S W E E P T h e g ene ra t i on of a l i nea r r a m p to d r i v e the H o r i z o n t a l 

S e c t i o n . T h e sweep po l a r i t y and a m p l i t u d e v a r i e s f r om scope to 

scope , so the r a m p may be e i t h e r pos i t i v e or n ega t i v e in 

t r a n s i t i o n . A s the r a m p runs through i t s vo l t age t r a n s i t i o n , i t 

d r i v e s the beam f r om l e f t to r i gh t on the C R T . 

K E Y I N D I C A T O R — I f a dot appears on the l e f t s ide of the 

C R T t h a t is v i s i b l e w i t h n o r m a l i n t e n s i t y and w i thou t the use of 

the B E A M F I N D E R , t h e S W E E P i s l o cked up. Look for th is 

f a u l t in the Sweep G e n e r a t o r . 
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T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N 

E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

I f trie S W E E P is l o cked up on the l e f t s ide of the C R T , you c a n 

t e s t the Sweep G e n e r a t o r by r e m o v i n g the D i s connec t 

T r a n s i s t o r in the Sweep G e n e r a t o r . I f the S W E E P runs , the 

Sweep G e n e r a t o r is w o r k i n g ; look for a f a u l t in the input 

ga t ing . ( F o r those i n s t r u m e n t s w i t h components t h a t a r e 

so ldered i n , you can t u r n the D i s c o n n e c t T r a n s i s t o r o f f by 

shor t ing the E m i t t e r - B a s e j u c t i o n . 3 e c a r e f u l when t r y i n g tn i s , 

s i nce a m i s c o n n e c t i o n cou ld c a u s e c a t a s t r o p h i c f a i l u r e . ) 

E N D O F S W E E P ( E O S ) T h e r a m p vo l tage is c ompar ed to a f i x e d vo l t age tha t c o r r e l a t e s 

the beam d e f l e c t i o n to the f a r r i gh t s ide of the C R T . The 

compar i son of these t w o vo l tages s i gn i f i e s the end of the 

sweep . T h i s e v en t t e l l s the T i m e b a s e to B l a n k the C R T and to 

i n i t i a t e the r e t r a c e / r e s e t ope ra t i on . 

K E Y I N D I C A T O R — I f the S W E E P runs one t i m e ac ross the 

C R T and the C R T is b lanked upon r e a c h i n g the r i gh t s ide , th i s 

s e c t i on is ope ra t ing n o r m a l l y . 

K E Y I N D I C A T O R - I f a dot appears on the r i gh t s ide of the 

C R T w i t h o u t the use of t h e B E A M F I N D E R , th i s s t ep has not 

been c o m p l e t e d , though the S W E E P has ended . Y o u c a n v e r i f y 

the l o ca t i on of t h e f a u l t by c h e c k i n g the r a m p vo l tage w i t h a 

scope or by c a u s i n g the End of Sweep C o m p a r a t o r to 

d i s c o n n e c t . (Use the s a m e t e chn i que desc r ibed for 

d i s connec t ing the sweep . ) 
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T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N 

E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

F A S T B L A N K I N G A t the end of the sweep , the C R T is b lanked to p revent an 

i n t e n s i f i c a t i o n a t the end of sweep and to p r e v en t v i s ib le 

f l y b a c k (sweep r e t r a c e ) . T h i s s t ep prov ides i m m e d i a t e b lanking 

of the C R T beam w i thou t hav ing to w a i t for tne propogation 

de lay in ending a l l o ther ga tes . 

K E Y I N D I C A T O R — T h i s s t ep has been c o m p l e t e d i f t he r e is a 

dot v i s ib l e a t the r i gh t s ide of the C R T t h a t is visioie only upon 

press ing the B E A M F I N D E R . 

S i n c e th i s is a f unc t i on of the unb lank ing l og i c , you c a n measure 

the r e s u l t of t h i s a t the r ea r pane l of some i n s t r u m e n t s . C h e c k 

the A G A T E O U T P U T a t the r e a r pane l s igna ls out c onnec t o r s . 

I f the ga te is still h i gh , th i s s t ep has not been c o m p l e t e d . I f the 

ga t e has ended, then F A S T B L A N K I N G should have oeen 

c o m p l e t e d . 

H O L D O F F S T A R T A f t e r the end of sweep has been d e t e c t e d , a pulse is genera ted 

to i n i t i a t e the H O L D O F F c y c l e . T h i s pulse i s usua l l y t a k e n 

d i r e c t l y f r o m the End of Sweep D e t e c t o r , though i n some 

i n s t r u m e n t s i t m a y be a m p l i f i e d , i n v e r t e d , or bu f f e r ed . In most 

T e k t r o n i x osc i l l o scopes , th i s pulse is a pos i t i v e (+) pulse t h a t is 

fed back to the Sweep and Z - A x i s L o g i c C i r c u i t . A c c o r d i n g to 

the osc i l l o scope , th i s H O L D O F F S T A R T Pu l se may be c a l l e d 

H -O S T A R T , A S W E E P R E S E T , or G A T E R E S E T . 

In those i n s t r u m e n t s t h a t use the T e k - m a d e Sweep C o n t r o l I C 

(P/N 1 5 5 - 0 0 4 9 - X X ) , the H O L D O F F S T A R T Pu lse is appl ied to 

input pin #16 of the I C to i n i t i a t e H O L D O F F . T h i s should be a 

ve r y n a r r o w pulse w i t h a low of about 0 Vdc and a high o f about 

+4.3 Vdc . 
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T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N 

E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

H -O S T A R T (Con t . ) C h e c k the H O L D O F F S T A R T Pu l s e w i t h a t e s t osc i l l o scope . I t 

should s t ep high j u s t as the sweep r e a c h e s the r i gh t s ide of the 

C R T . I f no pulse is p resen t , c h e c k the output of the End of 

Sweep C o m p a r a t o r . I f the H O L D O F F S T A R T goes high ( a c t i v e ) 

and r e m a i n s high, the c i r c u i t is l o cked up — c h e c k the 

H O L D O F F and T R I G G E R c i r c u i t s . 

H O L D O F F (H -O ) T h i s is the t i m e i n t e r v a l and event in w h i c h the sweep and a l l 

ga tes a r e r e s e t . H O L D O F F i s a t i m e d e v e n t . I t is c on t ro l l ed by 

an R - C T i m i n g c i r c u i t , and the t i m e de lay is usua l l y dependent 

on the sweep T I M E / D I V c o n t r o l . 

K E Y I N D I C A T O R — Wnen H O L D O F F has been i n i t i a t e d , the 

R E A D Y i nd i ca t o r on the f r on t pane l w i l l go ou t . 

Tn i s is a v e r y a c t i v e i n t e r v a l in the sweep sequence . Dur ing 

th i s t i m e , the T r i g g e r G e n e r a t o r w i l l be r e s e t and d isabled so 

t h a t i t canno t a c c e p t another t r i gge r s i g n a l . T h e c i r c u i t r y in 

the T r i g g e r G e n e r a t o r is being he ld o f f — hence the name 

H O L D O F F . D u r i n g th i s i n t e r v a l , a l l ga t es a r e r e s e t , the C R T is 

b l anked , and the sweep is r e t r a c e d . 

In i n s t r u m e n t s t h a t u t i l i z e the T e k - r n a d e Sweep C o n t r o l I C 

( 1 5 5 - 0 0 4 9 - X X ) , you c a n t e s t the ope ra t i on of the c i r c u i t r y 

dur ing th is i n t e r v a l by look ing a t the p in a c t i v i t y on the I C . 

D u r i n g th i s i n t e r v a l , H - O (p in 17) should be h igh , H -O No t t ed 

(pin 10) should be low, and H -O T I M I N G (pin 8) should be 

r amp ing up f r o m 0 V d c . 
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E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

H O L D O F F T I M E O U T T h i s e v en t m a r k s the end of H O L D O F F . H O L D O F F t im ing is a 

func t i on of an R - C t i m i n g ne two rk t h a t is c on t ro l l ed by the 

T I M E / D I V c o n t r o l . T h e t imeou t is p ropo r t i ona l to the sweep 

speed to insure tha t H O L D O F F is long enough to a l l ow a l l of 

the sweep t i m i n g c a p a c i t o r s to fu l l y d i s cnarge before another 

sweep i s i n i t i a t e d . When the c h a r g e on the t i m i n g c a p a c i t o r in 

the H -O T i m i n g R - C r e a c h e s a p r ede t e rm ined l e v e l , H O L D O F F 

is r e s e t (ended) and the i n s t r u m e n t en t e r s the Q U I E S C E N T 

s t a t e a g a i n . 

T o c h e c k th i s e v en t on i n s t r u m e n t s t h a t use the T e k - m a d e 

Sweep C o n t r o l I C ( 1 5 5 - 0 0 4 9 - X X ) , m e a s u r e the vo l tage a t the 

H-O T I M I N G input (pin 8) of the I C . I f the vo l tage is g r ea t e r 

than 4.2 Vdc , H O L D O F F T I M E O U T is c o m p l e t e . 

Y o u c a n a lso c h e c k to see i f the i n s t r u m e n t entered the 

Q U I E S C E N T s t a t e of the sequence as i t should have . C h e c k 

H-O (pin 17) of the I C for a low, H -O Not t ed (pin 10) for a high, 

and H - O T I M I N G (pin 8) for a l ow . P in 8 of t h e I C w i l l be low 

aga in because the R - C t i m i n g c a p a c i t o r is i n t e r n a l l y d i scharged 

by the I C . 

C h e c k o ther th ings f r o m the T I M E B A S E , such as r ea r pane l 

G A T E O U T P U T S , t h a t w i l l v e r i f y t h a t H O L D O F F T I M E O U T has 

o c c u r r e d . A l so c h e c k to see t h a t the T u n n e l Diodes ( i f 

app l i cab l e ) have been r e s e t . 

E v e n though you have c omp l e t ed the loop around the sweep sequence , you a re not 

f i n i shed . No t i c e tha t t h e r e a r e t w o s t eps , A U T O D E L A Y and A U T O D E L A Y T I M E O U T , 

that go to the ins ide of the loop. E v e n though these t w o s teps a r e only used func t i ona l l y 

when the i n s t r u m e n t is in the A U T O T R I G G E R M O D E , they c a n s t i l l p rov ide you w i t h 

ind i ca to rs and t e s t points tha t c a n i n d i c a t e the hea l th of the c i r c u i t r y . 
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E v e n though the scope is ope ra t ing in the S I N G L E S W E E P M O D E , the two A U T O 

operat ions c a n prov ide you w i t h a powe r fu l t roub leshoot ing took R e f e r to the A S W E E P 

S E Q U E N C E F L O W C H A R T aga in and no t i c e the K E Y I N D I C A T O R for the F I R E e v e n t . 

When the T r i g g e r o c c u r r e d , the f ront pane l T R I G G E R E D ind i ca t o r w a s l i t . N o t i c e a lso 

tha t the i nd i c a t o r has not been tu rned of f y e t . T h e T R I G G E R E D l i gh t is usua l l y turned 

off as a r esu l t of the operaton of the A U T O e v e n t s . 

A f t e r H O L D O F F has ended, the i n s t r u m e n t e n t e r s the Q U I E S C E N T s t a t e in w h i c h i t is 

now w a i t i n g for a t r i gge r . N o r m a l l y , i f no t r i gge r i s r e c e i v e d and p rocessed , the 

osc i l l oscope w i l l r e m a i n in th is s t a t e and no sweep w i l l be g e n e r a t e d . Howeve r , i f a 

t r i gger is not r e c e i v e d w i t h i n about 100 m S when the scope is ope ra t ed in the A U T O 

Tr i gge r Mode, the T i m e b a s e w i l l i n i t i a t e an A U T O T r i g g e r . T h i s w i l l c a u s e a n A u t o Sweep 

to o c cur . T h i s g i ves the opera tor a br ight base l ine to c h e c k the ope ra t i on of the scope, 

and to see i f any t r i gge r s i gna l s a r e p r e s en t . When in the A U T O Mode, the T i m e b a s e A/ill 

cause the sweep to f r e e r u n u n t i l a t r i gge r is r e c e i v e d to d i sab le the A U T O f u n c t i o n . 

E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

A U T O D E L A Y T h i s i s the wa i t i n g i n t e r v a l of the Q U I E S C E N T per iod in wh i ch 

the i n s t r u m e n t i s w a i t i n g for a t r i g ge r . T h i s i s a t i m e d even t 

whose i n t e r v a l is c on t r o l l ed by an R - C T i m i n g C i r c u i t . 

When a t r i gge r is r e c e i v e d and the F I R E e v en t i s c o m p l e t e d , the 

A U T O T R I G G E R Mode i s d isab led by the A u t o D i sab l e G a t e 

f r o m the T r i g g e r G e n e r a t o r . T h i s d i s charges the A U T O D E L A Y 

T i m i n g Ne two rk and holds i t d i scharged u n t i l the end of the 

f o l l ow ing H O L D O F F . 

I f a t r i gge r i s not r e c e i v e d the A U T O D E L A Y c i r c u i t r y w i l l 

begin cha r g i ng up a t the end of H O L D O F F . T h i s cha rg ing t i m e 

is the de lay ( w a i t i n g t i m e ) be fore a sweep is a u t o m a t i c a l l y 

g ene ra t ed . 
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E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

Y o u c a n observe th i s e v en t on i n s t r u m e n t s tha t use the 

1 5 5 - 0 0 4 9 - X X Sweep C o n t r o l I C , but you mus t have the 

osc i l l o scope t r i g ge r ed to see the n o r m a l opera t i on of the 

c i r c u i t . C o n n e c t the t e s t probe to the A U T O D E L A Y input (pin 

6) of the I C . Y o u should see a sha l l ow r a m p on pin 6 of the I C . 

Va ry the f r e quency of the input t r i gge r s i gna l and observe the 

change to the r a m p ; no t i c e t h a t the a m p l i t u d e and dura t i on 

change as the input t r i gge r s i gna l is v a r i e d . 

A U T O D E L A Y T I M E O U T T h i s e v en t m a r k s the end of the w a i t i n g pe r i od . When the 

c h a r g e on the A U T O D E L A Y t i m i n g c a p a c i t o r r e a c h e s a 

p r e - d e t e r m i n e d l e v e l , T I M E O U T i s d e t e c t e d . A f t e r the de lay is 

c o m p l e t e d , a ga te is g ene ra t ed t h a t w i l l i n i t i a t e an a u t o m a t i c 

sweep . Once the c a p a c i t o r is charged and A U T O D E L A Y 

T I M E O U T has o c c u r r e d , the c a p a c i t o r w i l l r e m a i n charged u n t i l 

a t r i gge r i s r e c e i v e d by the T r i gge r G e n e r a t o r . T h i s means t h a t 

t h e r e w i l l be no w a i t i n g per iod a t the end of the nex t sweep and 

holdof f i n t e r v a l . 

K E Y I N D I C A T O R — (the f o l l ow ing is t rue for most T e k 

osc i l l o scopes , h o w e v e r some of the newe r scopes do not 

c o m p l y . ) A t the end of the A U T O D E L A Y T I M E O U T , the 

T R I G G E R E D l i gh t w i l l be t u r n e d o f f . T h i s func t i on s t i l l 

ope ra t es e v en i n the S I N G L E S W E E P Mode of ope ra t i on . I f the 

T R I G G E R E D l i gh t c omes on and then goes o f f aga in when you 

i n i t i a t e the sweep sequence , i t s i gn i f i e s t h a t the e n t i r e 

sequence has been comp l e t ed and t h a t the T i m e b a s e is 

ope ra t ing p r ope r l y . 

69 



T R O U B L E S H O O T I N G T H E H O R I Z O N T A L S E C T I O N 

E V E N T D E F I N I T I O N / C H A R A C T E R I S T I C S 

A U T O D E L A Y T R I G G E R Aga in , you c a n e a s i l y v e r i f y the o c c u r a n c e of th is e ven t in 

(Cont . ) two ways on scopes t h a t use the 1 5 5 - 0 0 4 9 - X X Sweep C o n t r o l 

I C . I f it has o c c u r r e d proper l y , the T R I G G E R E D l i gnt should be 

of f . T h e A U T O D E L A Y input to the I C is l e v e l s e n s i t i v e and 

should a c t i v a t e A U T O when the cha rge a t p in 6 becomes 

g r e a t e r t h a n +4.2 Vdc . I f the c h a r g e on pin 6 is not g r ea t e r 

t h a n +4.2 Vdc , w i t h no t r i gge r app l i ed in the N O R M A L Tr i gger 

Mode, t h e r e i s a prob lem in the A U T O D E L A Y R - C T i m i n g 

N e t w o r k . I f the c h a r g e a t p in 6 is a t the c o r r e c t l e v e l , the I C 

should g ene ra t e an auto ga te to i n i t i a t e a sweep . T h e A U T O 

G A T E (pin 4) should be high or the I N V E R T E D A U T O G A T E (pin 

3) should be low to i n i t i a t e a sweep . I f the A U T O D E L A Y l e v e l 

is c o r r e c t but no ga te is g ene ra t ed , c h e c k the I C . 

T h e A S W E E P S E Q U E N C E F L O W C H A R T t h a t we have been us ing for a r e f e r e n c e has been 

in t en t i ona l l y g ene r i c to f i t the n o r m a l ope ra t i on o f mos t T e k scopes . T h e S v V E E P 

S E Q U E N C E F L O W C H A R T S on the f o l l ow ing pages a r e for s p e c i f i c i n s t r u m e n t s . S tudy 

them c a r e f u l l y and c o m p a r e t h e m to the c i r c u i t ope ra t i on o f the scopes for w h i c h they 

a re i n d i c a t e d . A f t e r you unders tand the s equence , you may wan t to e xp l o r e the opera t ion 

of other osc i l l oscopes and g ene ra t e more o f the sequence c h a r t s for the o the r scopes . 
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475A 'A' LOCKED KNOBS F A S T (^.5/uS/DIV) 
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475A 'A' LOCKED KNOBS SLOW ( > 1 M s/DIV) 
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475A 'A' UNLOCKED KNOBS OR 'A INTENSIFIED' 
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T ips for T roub leshoo t ing T r i g g e r C i r c u i t s 

When t roubleshoot ing a new t r i gger c i r c u i t , t a k e some t i m e to f a m i l i a r i z e yourse l f w i t h 

the block d i ag ram and s c h e m a t i c s . Spending a f ew m inu t e s w i t h the i n s t r u m e n t manua l 

can g ive va luab l e ins ight into the p r ob l em . 

T e k t r o n i x t r igger c i r c u i t s a r e des igned to respond to a w ide v a r i e t y o f input s i gna ls . S ince 

many of these input s i gna ls a r e unsu i t ab l e as s w e e p - i n i t i a t i n g t r i g g e r s , s i gna ls a r e f i r s t 

appl ied to a t r i gger c i r c u i t whe r e they a r e c o n v e r t e d to a pulse of u n i f o r m a m p l i t u d e and 

shape. T n u s , r ega rd l ess of the input s i gna l , i t is poss ib le to s t a r t the sweep w i t h a pulse 

tha t nas cons tan t amp l i tude and r i s e t i m e . T h e t r i gge r c i r c u i t r y a l l o w s the operator to 

s t a r t the sweep on e i t h e r slope of the w a v e f o r m , s e l e c t any vo l t age l e v e l on the r i s ing or 

f a l l i n g slope of that w a v e f o r m , and f i l t e r out s e l e c t e d f r equenc i e s o f the input s i gna l for 

g r ea t e r ease and s t a b i l i t y in t r i g g e r i n g . 

T h e t r i gge r ing of the g ene ra l purpose osc i l l o scope may be broken down in to f i v e bas i c 

p a r t s : (1) v e r t i c a l a m p l i f i e r t r i gge r p i c k o f f c i r c u i t r y , (2) input coup l ing c i r c u i t r y , (3) input 

a m p l i f i e r , (4) t r i gge r pulse genera to r , and (5) a u t o m a t i c t r i gge r ing c i r c u i t r y . 

T h e t r i gger p i cko f f c i r c u i t r y a c t s as a bu f f e r to keep the t r i gge r c i r c u i t r y f r o m chang ing 

the opera t i on of the v e r t i c a l a m p l i f i e r , y e t pass the a m p l i f i e d v e r t i c a l s i gna l to the 

t r i gger c i r c u i t w i t h m i n i m u m d i s t o r t i o n . Input coup l ing c i r c u i t r y a l l o w s s e l e c t i o n or 

r e j e c t i on of v a r i ous f r equency components o f the t r i gge r s i g n a l . T h e input a m p l i f i e r 

prov ides ga in to a s su r e the t r i g ge r pulse g ene ra t o r o f s u f f i c i e n t input for proper c i r c u i t 

opera t i on . The a u t o m a t i c t r i gge r ing c i r c u i t r y used in T e k t r o n i x i n s t r u m e n t s prov ides a 

base l ine in the absence of a t r i gge r s i gna l and e l i m i n a t e s c o n t r o l of coup l ing and l e v e l 

c on t ro l s . 
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A l though t r i gger c i r c u i t s v a r y in the i r c o m p l e x i t y and s o p h i s t i c a t i o n , the e s s en t i a l s a r e 

the s a m e in a l l i n s t r u m e n t s . Most t r i gger c i r c u i t s i n co rpo ra t e a t r i gge r s e n s i t i v i t y 

c on t r o l , to p e r m i t ad jus tmen t of the m i n i m u m s i gna l s i z e to w h i c h the c i r c u i t can 

respond. Tne f o l l ow ing f i gure i l l u s t r a t e s s i m p l i f i e d b lock d i a g rams for t r i gger c i r c u i t s . 

Ind i v idua l t r i gger c i r c u i t designs v a r y , but a l l c i r c u i t s m a k e use of some of the bas i c 

funct ions on the f o l l ow ing page. 

SOLID STATE 

T y p i c a l B l o ck D i a g r a m s for S o l i d - S t a t e T r i gge r C i r c u i t s 
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T h e bas i c i n t e r n a l ad jus tments of a modern osc i l l o scope a r e : 

1. T r i gge r l e v e l c e n t e r i n g ad jus t — con t r o l s t r i gge r c i r c u i t s y m m e t r y to enab le a l l 

coupl ing modes to work proper ly w i t h the slope s w i t c h . 

2. I n t e r n a l t r i gger D C l e v e l ad jus t -- a l l o w s the c e n t e r of the L E V E L c o n t r o l to be set 

e x a c t l y to z e r o vo l t s in the D C mode. 

3. T r i gge r s e n s i t i v i t y — con t r o l s the m i n i m u m s i gna l response — m i n i m u m s e n s i t i v i t y 

l i m i t e d by no ise . 

When t roub leshoot ing t r i gger prob lems , a f ew s imp l e s teps c a n o f t en d e t e r m i n e wh ich 

s tage of the t r i gger is a t f a u l t . C h e c k i n g the ope ra t i on of a t r i gge r c i r c u i t using d i f f e r en t 

sources , modes, s lopes, and coup l ing pos i t ions w i l l o f t en i s o l a t e a p r ob l em . Observ ing the 

e f f e c t the l e v e l c o n t r o l g i ves add i t i ona l i n f o r m a t i o n . In c h e c k i n g t r i gge r c i r c u i t s , a l w a y s 

be sure t h a t s u f f i c i e n t s i gna l is being app l i ed to ob ta in a l a rge obse rvab l e d e f l e c t i on 

(about 1 c m ) . F o r i n s t a n c e , s e t the V O L T S / D I V s w i t c h to 100 m V / D I V to a s e l e c t e d 

v e r t i c a l the apply a 500 mV s i gna l to the co r respond ing v e r t i c a l i npu t . 
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Vary ing the t r i gger S O U R C E s w i t c h be tween I N T E R N A L and E X T E R N A L t r i gger ing 

checks the t r i gger p i c k o f f c i r c u i t r y . C o m p a r i n g opera t i on in d i f f e r e n t t r i gge r modes can 

usua l l y l o c a l i z e a prob lem to a s p e c i f i c t r i gge r s tage (e.g. , not ing a d i f f e r ence in 

opera t i on of the t r i gge r c i r c u i t in A U T O or N O R M may suggest the f a u l t y s tage ) . 

Once the prob lem has been t r a c e d to a s p e c i f i c b lock , a c l ose v i sua l c h e c k may pinpoint 

the p rob l em. Subs t i tu t ing t r ans i s t o r s o f f e r s a qu ick means of c h e c k i n g a suspec ted 

p rob l em. A l w a y s r e t u r n the o r i g ina l components to the i r p l a c e a f t e r the prob lem has oeen 

c u r e d . In newer mode l osc i l l o scope , most components a r e so ldered in p l a c e ; the r e f o r e th is 

p r a c t i c e becomes i m p r a c t i c a l . 

T u n n e l D iode T r i g g e r i ng 

Vol tages g ene ra l l y measured a c r o s s a tunne l diode in var ious s t a t e s of ope ra t i on : 

T u n n e l Diode T r i g g e r i n g Vo l tages 
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A C u r v e T r a c e r i s v e r y use fu l to c h e c k t u n n e l diodes in the c i r c u i t ( in most c a s e s ) . I f 

tne re is any doubt of d e v i c e p e r f o r m a n c e , l i f t one end and connec t t e s t l eads d i r e c t l y 

ac ross the tunne l diode ( T D ) . Set the v e r t i c a l s e n s i t i v i t y on the C u r v e T r a c e r to c o v e r the 

s e n s i t i v i t y of the diode under t e s t and set the ho r i z on ta l to A V/div. ( T y p i c a l T U s have a 

ho r i z on ta l s w i t c h i n g vo l tage of about . 5 vo l t s . ) T h e w a v e f o r m is not e x a c t l y the same as 

an o u t - o f - c i r c u i t c h e c k , but in most c a s e s , i t i nd i c a t e s whe the r or not the T D is work ing 

p rope r l y . B e c a r e f u l to not apply e x c e s s i v e m e c h a n i c a l s t r a i n , e x c e s s i v e hea t , or 

e x c e s s i v e vo l tage to the T D . 

T y p i c a l C u r v e T r a c e r D isp lay for T u n n e l Diodes 
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T r i g g e r Ope ra t i on 

T r i g g e r L e v e l and Slope 

A s imp le method for c h e c k i n g t r i gger c i r c u i t opera t i on i s t o apply a c a l i b r a t o r s igna l to 

the osc i l l oscope . Us ing the I N T E R N A L t r i g g e r s o u r c e , ad just the c on t r o l s and v e r t i c a l l y 

c e n t e r a t l eas t 1 c m of c a l i b r a t o r s i g n a l on the C R T d i sp l ay . Se t the L E V E L c o n t r o l to 

ze ro and p l a c e the coup l ing c o n t r o l in the A C L F R E J E C T pos i t i on . T h i s is t y p i c a l l y the 

most d i f f i c u l t pos i t ion in w h i c h to m a k e t r i gge r ad jus tmen t s . I f the c i r c u i t func t i ons 

proper ly in th i s pos i t i on , you can be a s s u r e d t h a t the c i r c u i t r y is good. Set the sweep 

speed for the approp r i a t e speed to observe 5-10 c y c l e s of the square w a v e s i g n a l . P r e s e t 

the tr igger s e n s i t i v i t y ( i f t h e r e is one) to m id range . 

T h e s e n s i t i v i t y ad jus tmen t d e t e rm ines the m i n i m u m c i r c u i t response ( in m V ) . The t r igger 

l e v e l c e n t e r i n g assures proper s lope and l e v e l ope ra t i on in a i l coup l ing modes . 
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Trigger circuit troubleshooting chart 
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G e n e r a l T i p s for Troub leshoot ing the Sweep C i r c u i t s 

T e k t r o n i x sweep c i r c u i t s a r e des igned to deve lop a l i n e a r sawtoo th vo l t age over a w ide 

range of sweep t i m e s . L i n e a r sawtoo th vo l tages ensure t h a t the w a v e f o r m passes through 

a g iven number of vo l t s dur ing e a c h uni t of t i m e . T h e sawtoo th r a t e of r i s e (or f a l l ) is set 

by the n o r m a l l y c a l i b r a t e d T I M E / D I V c o n t r o l . T h i s s a w t o o t h vo l t age is then processed in 

the ho r i z on ta l a m p l i f i e r and app l i ed to the p l a t e s of the C R T , r e s u l t i n g in the ho r i z on ta l 

de f l e c t i on o f the e l e c t r o n b e a m . 

A s a r e s u l t , the c a thode - r a y b eam i s s w e p t h o r i z o n t a l l y to the r i gh t through a g i ven 

number of g r a t i c u l e d iv i s ions dur ing e a c h un i t of t i m e — the r a t e being con t r o l l ed by the 

T I M E / D I V c o n t r o l . In th i s manne r , a base l ine i s produced t h a t is p ropor t i ona l to d i s c r e t e 

amounts of t i m e ( d e t e rm ined by the T I M E / D I V c on t r o l ) . A t i m e d i f f e r e n c e reading is 

made by measur ing the d i s t a n c e be tween t w o d i f f e r e n t h o r i z o n t a l po ints on the C R T 

display . 

De l a y ing sweep osc i l l oscopes a r e qu i t e c o m m o n and prov ide t w o s e p a r a t e c o m p l e t e sweep 

s y s t e m s . T h e f i r s t , or de l ay ing s w e e p , p rov ides a de l ayed sweep t r i gger jus t pr ior to the 

moment when the s i gna l o f i n t e r e s t o c c u r s . G e n e r a l l y , a 10 - tu rn m u l t i p l i e r d i a l used w i th 

the T I M E / D I V c o n t r o l prov ides a con t inuous l y v a r i a b l e sweep t r i gge r and i n i t i a t e s the 

de layed sweep a t the des i r ed t i m e . D e l a y i n g sweep osc i l l oscopes p rov ide both i nc r eased 

m e a s u r e m e n t r eso lu t i on and a c c u r a c y . 

Modern t i m e - b a s e genera to rs g ene ra l l y c o n s i s t of f i v e m a i n c i r c u i t s : a sweep ga t ing 

m u l t i v i b r a t o r , a M i l l e r runup (or rundown c i r c u i t s , s awtoo th genera to r and d i sconnec t 

d iode) , holdof f c i r c u i t r y , sweep l ockout c i r c u i t r y and a u t o m a t i c sweep genera tor 

c i r c u i t r y . In add i t i on , the sweep c i r c u i t prov ides the unb lank ing s i gna l to the C R T and 

o f ten a sawtoo th and/or ga t e output on the i n s t r u m e n t pane l . 

Sweep genera to rs m a k e use of o p e r a t i o n a l a m p l i f i e r t echn iques to ob ta in the i r r equ i r ed 

l i n e a r i t y . A s a r e s u l t , i f c i r c u i t p rob l ems appear , they a r e s o m e t i m e s d i f f i c u l t to 

t roubleshoot because of t h e f e edback loops i n v o l v e d . U s u a l l y the f eedback loop must be 

broken in order to l o c a l i z e the c i r c u i t p r o b l e m . 
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When t rouo ieshoot ing sweep c i r c u i t s , f r e e run the sweep to be c e r t a i n t h a t t i i e t r igger 

c i r c u i t r y is not inh ib i t ing sweep ope ra t i on . G a t e and sawtoo th output c onnec t o r s prov ide 

a qu ick c h e c k of c i r c u i t ope ra t i on and m a y prov ide a c l u e to the p r ob l em . I f no outputs 

a r e observed , check to be c e r t a i n tha t t r i gger inputs a r e ga t ing the sweep ga te c i r c u i t s . 

Holdof f and f eedback ope ra t i on may be c h e c k e d by mon i t o r ing the e m i t t e r of the holdof f 

c i r c u i t . C h e c k to see i f the ho ldof f f o l l owe r f o l l ows the a c t i on of the sweep length 

c o n t r o l . These two b locks c o m p r i s e most of t h e f e edback pa th and i f the i r f o l l ower a c t i on 

i s i nope ra t i v e , the prob lem is q u i c k l y l o c a l i z e d . 

T y p i c a l Sweep P rob l ems 

Sweep shor tens a t f a s t e r sweep speeds . 

C h e c k : T h e sawtoo th output e m i t t e r f o l l owe r may be loading the c i r c u i t . R e m o v e 

the sawtoo th e m i t t e r f o l l owe r and note w h e t h e r the prob lem d i sappears . If 

t h e t roub le i s not in th i s s t age , then c h e c k the output s tage of the ho r i z on ta l 

a m p l i f i e r . 

Sweep nonl inear a t the l e f t s ide of the C R T . 

C h e c k : F a u l t y holdof f c i r c u i t ope ra t i on may be c a u s i n g the p rob l em . C h e c k holdoff 

e m i t t e r f o l l ower for imprope r c i r c u i t ope ra t i on . 

Sweep shor tens on r ight s ide of the C R T when sweep is t r i g g e r ed . 

C h e c k : A n open diode in the pos i t i v e t r i g g e r c l i ppe r c i r c u i t may inh ib i t pos i t i ve 

c l i pp ing of the sweep ga te input and c a u s e p r e m a t u r e rundown of the sweep . 

Sweep tends to f r e e run a t d i f f e r en t sweep speeds when t r i g ge r ed a t o ther speeds . 

C h e c k : P r e se t s t ab i l i t y is m isad jus t ed or l ockout m u l t i v i b r a t o r c i r c u i t opera t i on is 

w e a k . 
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Sweep w i l l not run by i t s e l f , but w i l l s t a r t w h e n shock e x c i t e d ( i . e . , r o t a t i n g the T I M E / C M 

s w i t c h ) . 

C n e c k : S t a r t - s t o p m u l t i v i b r a t o r c i r c u i t f a i l u r e w i l l show tnese c n a r a c t e r i s t i c s . 

O f f - t o l e r a n c e p r ec i s i on ( 1% ) r e s i s t o r s in th i s c i r c u i t w i l l s ome t imes c a u s e 

th is p r ob l em . 

Sweep t im ing of f a t s e v e r a l of the s l owe r sweep speeds (below 1 ms/d iv ) . 

C h e c k : Suspec t p r ec i s i on t i m i n g r e s i s t o r s . Many older osc i l l oscopes used brown A - P 

r e s i s t o r s on the sweep t i m i n g s w i t c h e s . These r e s i s t o r s changed va lue w i th 

age and should a l l be changed . 

Sweep nonl inear or i n a c c u r a t e a t s low sweep speeds. ( In e x t r e m e c a s e s , spot may stop 

par t way through the sweep . ) 

C h e c k : T h e d i s connec t diodes should be t e s t e d . C h e c k for proper opera t i on by 

s t a r t i n g the sweep and then r e m o v e the d i s connec t diode to see i f the 

prob lem c l e a r s i t s e l f . T h e sweep w i l l r u n for one sweep and stop. R e p l a c e 

the diode and r epea t the p rocedure i f n e c e s s a r y to get a be t t e r look. I f th is 

p rocedure c l e a r s up the p r o b l e m , the d i s connec t diode is f au l t y ( l e a k y ) . 

Sweep nonl inear a t some T I M E / C M se t t i ngs ; n o r m a l ope ra t i on at o the r s . 

C h e c k : L e a k y M i l l e r runup or rundown c i r c u i t . C h e c k for f a u l t y t r ans i s t o r . 
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Sweep i n o p e r a t i v e . 

C h e c k : C h e c k the sweep gate t r a n s i s t o r and the sweep T O . I f these opera te 

p roper l y , then cneek the f i x e d d iv ider a t the input of the sweep rese t 

m u i t i v i o r a t o r for proper v a l u e . 

Sweep i n o p e r a t i v e . 

C h e c k : I f n o r m a l t roub leshoot ing doesn ' t produce a t r a c e , c h e c k the sweep length 

c i r c u i t . A diode f a i l u r e or bad s w i t c h c o n t a c t in the sweep length c i r c u i t 

may c a u s e an inope ra t i v e sweep . 

Sweep t i m i n g e r r o r a t d i f f e r en t sweep speeds . 

C h e c k : Diodes used in the sweep d i s connec t c i r c u i t may be d e f e c t i v e . R e p l a c e i f 

n e c e s s a r y . 

Sweep j i t t e r . 

C h e c k : Diodes used in the sweep d i s connec t c i r c u i t may be d e f e c t i v e . R e p l a c e i f 

n e c e s s a r y . 
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sweep i s l a t ched in r ese t s t a t e , spot o f f s c r e e n on l e f t s ide . 
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If sweep i s l a t ched in rundown s t a t e , t r a c e o f f s c r e e n on r ight s ide . 
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