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m  L a b  R u le s

B e  P U N C T U A L  fo r  y o u r  la b o ra to ry  s e s s io n

F o o d s
, 
山打出 s  a n d s m o k in g  a r e  N O T  a ılo w e d

O p e n to e d sh o e s  a r e  N O T  a llo w e d

T h e  la b tim e ta b le  m u s t b e  stric tly fo llo w e d P rio r  p e rm is sio n  fr o m  th e  L a b
S u p e r v is o r  m u s t b e  o b ta in e d if a n y  c h a n g e  is  to  b e  m a d e

E x p e rim e n t m u st b e  c o m p le te d  w ith in  th e  g iv e n  tim e

R e sp e c t th e  la b o r a to ry  a n d its  o th e r  u s e r s N o is e  m u st b e  k e p t to  a  m in im u m

W o rk s p a c e  m u st b e  k e p t c le a n  a n d tid y a t a ll tim e P o in ts  m ig h t b e  ta k e n  o ff o n

stu d e n t/g ro u p  w h o  fa il to  fo llo w  th is

H a n d le  a ll a p p a r a tu s  w ith  c a r e

A ll stu d e n ts  a r e  lia b le  fo r  a n y  d a m a g e  to  e q u ip m e n t d u e  to  th e ir o w n  n e g lig e n c e

A t th e  e n d o f y o u r  e x p e rim e n t m a k e  s u r e  to  s w itc h o ff a ll th e  in str u m e n ts

S tu d e n ts  a r e  str ic tly P R O H IB IT E D  fr o m  ta kin g o u t a n y  ite m s  fr o m  th e  la b o ra to ry

w ith o u t p e m ris s io n  fr o m  th e  L a b S u p e r v is o r

S tu d e n ts  a r e  N O T  a llo w e d to  w o rk  a lo n e  in  th e  la b o r a to ry

*  P le a s e  c o n s u lt th e  L a b  S u p e r v is o r  if y o u  a r e  n o t s u r e  o n  h o w  to  o p e r a te  th e

Įa b o ra to ry  e q u ip m e n t

R e p o r t im m e d ia te ly  to  th e  L a b  S u p e r v is o r if a n y  in ju ry  o c c u r r e d

*  R e p o r t im m e d ia te ly to  th e  L a b S u p e rv is o r  a n y d a m a g e s  to  e q u ip m e n t
, 
h a z a rd s

,

a n d p o te n tia ļ h a z a rd s

o  p le a s e  r e fe r  to  th e  L a b  S u p e rv is o r s h o u ld th e r e  b e  a n y c o n c e r n s  r e g a r clin g  th e

la b o r a to ry

\  

*   

·

a   

· 

*  

a

G r a  p o ıic v

T h e  to ta l m a r k  fo r  th is  la b  is  d is trib u te d a s  fo llo w s

L a b  R e p o r t 2 0 %

1 Q u i z z e s
10 %

p r e ia b 5%

A tte n d a n c e

M id te r m  E x a m  2 0 %

F in a l E x a m  
4 0 %



Scanned by CamScanner

G u id e ıin e s lo ,  W r itin g  L a b R e p o r t

T h e  ın o s t e ffe c tiv e  w a y  to  a c q u ir e  thę p r a c tic a l sk ills  in  e n g in e e ń n g s tu d ie s  is  u s u a llyby e x p e n m e n tin g in  a  la b o r a to w T h e  p ro c e s s  o f e x p e rim e n ta tio n  in v o lv e s
o rg a n iz a tio n  o b s e r va tio n

,  
fa m ilia riz a tio n  w ith v a rio u s  p ie c e s o f e q u ip m e n t w o rkin g

w ith  o th e r s
, 

w ritin g . 
A n d c o m m u n ic a tin g  id e a s  a n d in fo rm a tio n T h e s e  a r e  th e  sk ills

re q u ire d o f a n  e n g in e e r

lrı a  p r a c tic a l s itu a tio n
,  
s u c h a s  th a t in  th e  in d u s tıy  o r u n iv e r s ity  r e s e a rc h

,
E x p e rim e n ts

a r e  d e s ig n e d  fo ľ  th e  p u rp o s e  o f c la l. Iry in g  re s e a r c h q u e s tio n s o r c o n n ic tin g th e o rie s  by
n le a n s o f c o lle c tin g  a  s e rie s  o łd a ta T h e  c o n c lu s io n s d l a w n  ìr o m  th a t d a ta  c a n  b e  u s e d
to  v a lid a te  a  th e o ry  o r s o m e tim e s to  d e v e lü p a  th e o ry th a t e x p la in s th e  b e h a v io r o f a n

e n g in e e rin g  o bje c t T h e  repol fo r  th is  kin d o t e x p e rim e n ts  T n u s t in c lu d e s a n

in u   o d u c tio n  to  th e  to p ic  a n d p u tp o s e  o l th e  e x p e l im c n t
. 

Thc  th e o ry ,  
m e th o d

p ro c e d u re  e q u ip m e n t u s e d in  th e  e x p e lim e n t Th e  d a ta  p re s e n te d in  a n  o rg a n iz e d

m a n n e ľ
, 
a n d th e  c o n c lu s io n s  b a s e d o n  th e  d a ta  g a th e re d

In  e n g in e e 】i n g e d u c a tio n Ia b e x p e rim e n ts a re  u s u Łtlly d e s ig n e d to  e n h a n c e  t】】e

u n d e 】  sta n d in g in  e n g in e e r in g  to p ic s S tu d e n ts a r e  s u p p o s e d to
"
clirl y  th e ir  h a n d

" in

p re p a rin g ih e  e x p e n m e n t s e tu p o rg a n iz e  the  e x p e rim e n t n o w
, 

a n d learn to  o b s e ľ v e

ih e  s a lie n t fe a tu re s  a s w e ll a s  ìo  s p o t a n y  u n e x p e c te d o c c u r re n c e  a s  p a r t o f th e  tı  a in in g
to  a c q u ire  th e  p ra c tic a l s kill to  b e c o m e  a n  e n g in e e r A lth o u gh th e  ĵn lro d u c lio n  a n d th e

p ro c e d u r e  a r e  u s u a lly g iv e n  in  th e  la b h a n d o u ts
. 

s tu d e n ts sh o u ld p ra c tic e  tw itin g a

p ro p e r ) a b r e p o 】t w h ic h in c lu d e s  a ll th c  n e c e s s a ry s e c tio n s la  r g e lin g a t a  re a d e r w h o

d o e s n o t h a v e  a n y  p r io r k n o w le d g e  a b o u t th e  e x p e r im e n t T h is  js  o  d e v e lo p  th e  s k ill

in  d o c u m e n tin g ili e  la b o ra to lT  w o rk a n el c o rTu ìr u n it a tin g th itt e x p e r ie n c e  to  o th e r s

T h is w rite u p  g iv e s  s o m e  g u id e lin e s ü n  w h a t l41 N ite  jn  e a c h s c c lio n  in  p ľ e p a rin g

la b o ra to ľ y  r e p o r ts  Ib 】e n gin e e rin E c u rric u la

T itle  P a g e

T he  title  p a g e  s h o u ld c o n ta in  th e  title  o f th e  e x p e rim e n t Th e  c o d e  a n d title  o f th e

c o u rs e
, 
th e  n a m e  o f th e  w rite r

, 
th e  d a te  w h e n  th e  e x p e rim e n ta l w o rk  w a s p e rfo rm e d

,

s u b m is s io n  d a te  o f th e  la b r e p o r t a n d th e  n a m e  o r le c tu re r tb r  w h o m  th e  re p o lt  is

p re p a r e d fo r

In tro d u c tio n  o r O bje c tiv e s

A n  in tro d u c tio n  is n e c e s s a ry  to  g iv e  a n  o v e r v ie w  o f th e  o v e r a ll to p ic  a n d th e  p u rp o s e

o ľ  th e  r e p o rt T h e  m o tiv a tio n  to  th e  in itiaıiz a tio n  o l lh e  e x p e ri]T1e n ta 1 w o rk  c a n  b e

in c lu d e d ıts c o n te n t s h o u ld b e  g e n e ]. A l e n o u gh to  o r ie n ta te  th e  re a d e r g ra c e fu lly in to

the  s u bje c t m a te r ia ls

Th e o re tic a l B a c kg ro u n d

T his  s e c tio n  is  to  d is c u s s th e  tl7e o re tic a l a sp e c ts le a din g to  th e  e x p e rim e n t T y p ic a lly ,

this in v o lv e s th e  h is to ric a l b a c k g ro u n d o f th e  th e o rie s p u blis h e d in  th e  re s e a r c h

lite ra tu re  a n d th e  q u e s tio n s  o r a m big tıitie s a ı  o s e  in  th e s e  th e o r e tic a ı w o rk C ita tio n s

Ib r th e  s o u r c e s  o l in fo n n a lio n  s h o u ld b e  g iv e n  in  n il e  o r th e  s ta n d a rd b ib lio g ra p h ie

fo rm a ts (fo r  e x a m pıe ,  
u s in g  sq u a re  b ra c k e ts w ilh th e  c o r re sp o n din g  n u m b e r  [2] th a t

p o in ts to  th e  L is t o f R e fe r e n c e s ) E x p lo ľ  e  this b a c k g ro u n d to  p re p a re  th e  re a d e r s to

re a d the  m a in  b o d y o f th e  】  e p o rì Į l s h o u ld c o n ta in  s u f!ic ie n t m a te ria ls  to  e n a ble  th e
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re a ile rs  to u n d e r s ta n d w hy  th e  s e t o f d a ta  a r e  c o lte c  te d
,  

a n d w h a t a r e  th e s a lie hfe a tu re s  to  o b s e ] v e  in  th e  g r a p h ,  
c h a r ts  a n d  ta b le s  p r e s e n te d  in  th e  la te r  s e c tio n s

D e p e n d in g  o n  th e  le n g th a n d c o m p le x ity o r th e  re p o rt Th e  in tro d u c tio n  a n d th e
th e o re tic a l b a c k g ro u n d  m a y  b e  c o n 7b in e d  in to  o n e  introducto s e c tio n

E x p e rim e n ta ı M e th o d
, 
P ro c e d u re  a n d E q u ip m e n t

T h is s e c tio n  d e s c r ih e s th e  a p p r o a ėh a n d th e  e q u ip n 7e n t u s  d  to  c o n d u c t th e

e x p e r im e n t It e x p la in s  th e  fu n c tio n  o t e a c h a p p a ra tu s  a n d h o w  th e  c o n fig u r a tio n

w o rk s  to  p e rlb ľ  m a  p a rtic u la r  m e a s u re m e n t S tu d e n ts s h o u ld n o t re c o p y th e

pr o c e d u re s  o f th e  e x p e r im e n t I
'ľ o m  th e  la b h a n d o u t

. 
B u t to  s u m iīra riz e  a n d e x p la in  th c

m e th o d o lo g y in  a  fe w  p a ra g r a p h s

O b s e rv a tio n s
, 
D a ta

, 
F in d in g s

, 
R e s u lts

T h e  d a ta  sh o u ld b e  o rg a n iz e d a n d p re s e n te d in  th e  lo n 71 5 o f g ra p h s
,  

c ha rts
, 
o r ta b le s  in

th is s e c tio t】 w ith o u t in te ľ p r e tiv e  d is c u s s io n R a w  d a la  w h ic h n 7 a y ta k e  u p a  tċ w

p a g e s
,  
a n d m o s t p r o b a b ly w o n

'

ţ i n te r e s t a n y  re a d e r
, 
c o u td b c  p la c e d in  th c  a p p e n d ic e s \

C a lc u la tio n s  a n d  A n a ly s is

T h e  in te rp r e ta tio n  o f th e  d a ta  g a th e r e d c a n  b e  d is c u s s e d in  th is  s e c tio n S a m p le

c a lc u la tio n s m a y  b e  in c lu d e d to  sh o w  th e  c o rr e la tio n  b e tw e e n  th e  th e o ry  a n d  th e

m e a s u r e m e n t re s u lts 1f th e r e  e x ists a n y d is c re p a n c y b e tw e e n  th e  th e o re tic a l a n d

e x p e rim e n ta l re s u lts
, 

a n  a n a ly s is o r d is c u s s io n  sh o u ld fo ļlo w  to  e x p la in  th e  p o s s ib le

s o u rc e s  o f e rr o r

T h e  e x p e rim e n ta l d a ta  a n d  th e  d is c u s s io n s m a y a ls o  b e  c o m b in e d  in to  o n e  s e c tio n
,  
fo r

e x a m p le ,  
u n d e r  th e  h e a d in g  c a lle d

" D is c u s s io n  o f E x p e r im e n ta l R e s u lts
"

C o n c lu s io n s

T h e  c o n c lu s io n s  s e c tio n  c lo s e s  th e  r e p o rt b y p r o v id in g a  s u m m a ry  to  th e  c o n te n t in

th e  re p o rt It in d ic a te s w h a t is  s h o w n  b y th e  e x p e r im e n ta l w o rk
, 

w h a t is its

s ig n ifıc a n c e
, 

a n d  w h a t a r e  th e  a d v a n ta g e s a n d lim itatio n s  o f th e  in fo rm a tio n

p re s e n te d T h e  p o te n tia l a p p lic a tio n s o f th e  re s u lts  a n d  r e c o m m e n d a tio n s  fo r fu tu re

w o rk m a y b e  in c ıu d e d

A p p e n d ic e s

T h e  a p p e n d ic e s  a r e  u s e d to  p r e s e n t d e riv a tio n s  o f fo n n u la e
,  

c o m p u te r p ro g ra m  s o u r c e

c o d e s
, 
r a w  d a ta

,  
a n d o th e r r e la te d  in fo rm a ti D n  th a t s u p p o rts th e  to p ic  o f th e  r e p o r t

L is t o f R e fe re n c e s

T h e  s o u rc e s  o f in fo rm a tio n  a re  u s u a lly a rra n g e d a n d n u m b e re d a c c o rd in g to  the  o rd e r th e y

a re  c ite d In  th e  re p o rt T h e  re fe re n c e  m a te ria ls  m a y b e  e n te re d in  th e  fo llo w in g fo rm a ts

[2] A u th o r T itle  o f th e  p a p e r
'

, 
J o u rn a l n a m e V o t 2 N o 3

, 
J a n  19 9 0 , Pg 4 5 6 458

[4] A u th o r
,

" 丁旧 e  o f th e  th e s is
"

, 
p h D  th e s is , 

R ic e  U n iv e rs ity , 
H o u s to n

, 
M a y 19 7 3
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D io d e  C h a f a c le ï fs łic s

O B J E C T I V E S

A fte r  c o m p le tin g th is  e x p e rim e n t
.  Y o u  s h o u ld b e  a b le  to

M e a su re  th e  fo r w a rd v o lta g e  a c ro s s a  d io d e
. 
A n d d e le n n in e  if th e  c o m p o n e n t is

fa u lty

 ' e m o n s t rat e the  for wa r d cu ľ ren t  an d  vo l tag e  ch a r ac t er ist ics  of lìıı- un c t ion  an d �
z e n e r  dio d e s

*  D e iTro n stra te  th e  re v e rs e  c u īr e n t a n d v o lta g e  c h a ra c le iistic s o f p /? ju n c tio n  a n d
z e n e r d io d e s

T h e  fo llo w in g  fo m u la  is  u s e d to  c a lc u la te  th e  d y n a m ic  o r A C  re s ista n c e  o f th e  dio d e

W h e r e

r -

A  V

A  I

Ą V  : T h e  s m a ll c h a n g e  in  v o lta g e  a c ro s s th e  dio d e

A l : T h e  c o r  e sp o n d in g c h a n g e  in  c u r re n t th r o u gh th e  d io d e

ľ  

5:
:: F ig I : l V  C h a ra c Įe rlstic  o f N o lm a l D io d e
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W he re  

v : T h e  v o lta g e  a c r o s s  th e  d io d e

I : T h e  c u r r e n t th r o u gh th e  d io d e

n e se  re la tio n s h ip s  c a n  b e  s e e n  in  th e  c h a r a c te ń sū c  c u r ve  sh o w n  in  F ig u r e i

]f the  c a th o d e  is  m o r e  p o s iti v e  th a n  th e  a n o d e
,  

th e  d io d e  w ill c o n d u c t o n ly a n

e x tre n ìe ly s m a ll ıe a k a g e  c u lr e n t a n d is s a id to  b e  re v  e r s e d bia s e d W h e n  a  /N ? ju n c tio n

dio d e  is  r e v e r s e  b ia s e d Th e  r e v e ıe  c u ır e n l (ll¢) lb ro u g h th e  d e v ic e  is  e x tre m e ly lo w
,

e v e n  w ith a  s ig n ific a n t ľ e v e r s e  v o lta ge  a p p lie d T h is is n o l n e c e s s a rily  th e  c a se  w i h  a

z e n e r  d io d e Z e n e r re v e rs e  c u lr e n t r e m a in s ıo w  u n til ï/ /ť r e a c h e s th e  z e lle r  v ctlta g e  (ı'z)

ra tin g o t th e  c o n np o n e n t W h e n  th e  m a g n itu d e  o f V R  r e a c h e s " ? İ rr in c re a s e s a b r u p tly

The  fo r w a rd a n d re v e r s e  c h a r a c te ris tic s o f 9 17 ju n c ń o n  a n d z e n e r  d io d e s  a r e  th e  lb c u s

of the  s e c o n d p a ıt o f th is  e x p e rim e n t

A  dio d e  c a n  b e  te s te d u s in g a  s im p le  u h m m e te r
, 
b u t th is  is  n o t a  v e iy  a c c u r  a te  te s t

M o sl m o d e r n  m u ltim e te rs  h a v e  a  d io d e c h e c k e r lu n c tio n
, 

w h ic h a llo w s y o u  to

dete rn ıin e  th e  a c tu a ı v o lta g e  a c r o s s a  fo r w a rd b ia s e d d io d e If th e  fo rw a rd v o lta g e

fa lls w ith in  its e x p e c te d r a n g e
,  
th e  d io d e  is  c o n s id e re d g o o d 1 r th e  d io d e  te s t in d ic a te s

the  c o 1T tp o n e n t is  sh o ll e d o r o p e n
, 
th e n  th e  d io d e  s h o u ld be  re p la c e d

M A T E ? A L S

1 F u n c tio n  G e n e ra to r

2 V a ria b le  D C  P o w e r S u p p ly

3 D igita l Multirıeter . 
D M M  (w ith d io d e c h e c k  Įh n c tio n )

4 B re a d b o a rd

5 1N 4 0 0 1 S m a ll S ig n a l D io d e

6 1N 524 0 Z e n e r D io d e

7 R e s isto r s
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P R O C E D U R E '
'

C o n n e c t th e  D M M  to  th e  1 N 4 00 1 d io đe  a s s h o w n  in  F ig m e  2 a M e a s u re  th e

fo r w a rd v o lta g e  ( Į/F   ) a c ro s s  th e  dio d e A n el ľ e c o rd y o u r m e a s u re m e n t in
T a b le  1

T a b le  I : D io d e  T e st M e a s u r e m e n ts

3 R e v e r s e  th e  d io d e  a s  s h o w n  in  F ig u r e  2 a M e a s u r e  its re v e r s e  v o lta g e  (V R),  
a n d

r e c o rd  th is  re a d in g  in  T a b le  1

4 R e p e a t S te p s (2) a n d (3) fo r  th e

r e a din g s  in  T a b le  1

1N 52 4 0 z e rle r dio d e R e c o rd th e  m e te r

F o n a,  a r d  v o lta g e  (V ņ R e v e r s e v o lta g e  (V g

(e) D io d e te  su n g

C e o d e  A n o d e
C a th o d e

A n o d e

p n Ju m c tio tı dio d e
z e n  

I  · 

o r M o d e

(b) D io d e sy m b o ls

1 

F ig 2 : tB ) D io d e  T e stin s (b ) D io ıle  Snlbuls

3

D M M

上
卅
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F
J

ı  2ł D ia d e  V o lta g e  tın tt C u l r e n l C h tır a c le r is E c s ł

C o n str u c t th e  c ir c u it sh o w n  Ĵn  F ig u r e  3 T h e  v o lta g e  s o u rc e  sh o u ld  b e  s e t

il itiaily to  0 0 V R r lim its  th e  d io d e  c u r re n t to  a  v a lu e  lo w e r th a n  th e  ra te d

m a x in ì u m  fo r w a rd  c u r re n t

D M M 1

D M M 2

1 0 k o h m

V s

F ig 3 : M e a s u re m e n t o f th e  F o r w a rd C h a r a c te r is tic s  o f D io d e

上

工
一

丁

6 M e a s u r e  V F , 
V R / , 

a n d c o m p u te  IF R e c o rd th e s e  v a lu e s  in  T a b le  2

7 R e p e a t S te p  (6 ) fo r  a ll th e  v o lta g e  v a lu e s  lis te d in  T a b le  2

8 R e p la c e  th e  n o rm a l d io d e  w ith a  z e n e r dio d e R e p e a t S te p s  (6) a n d  (7) fo r th e

1N 52 4 0 z e n e r  d io d e
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9 U se  y o u r  re s u lts  fľ o m  T a b le  2  to  p lo t th e  / F  v e r s u s v r  c u rv e  r  b o th d io de s  in
F igu re  4

If (m A )

一 上 上
V f /m \八

z m  4o o 6m  em  
V /

F ig 4 : lF  v e rs u s V F

10 D e te rm in e  th e  s ta tic  r e s ista n c e  o f th e  n o r m a l d io d e  a t 1
, 
3

,  
5 a n d 10 v o lts

u sin g v a lu e s  o bta in e d fo r  Ir a n d V F fr o m  T a b le  1

11 G r a p h ic a lly  d e te rm in e  th e  dy n a m ic  r e sista n c e  o f th e  n o r m a l d io d e  a t 1
,  
3

, 
5

, 
7

,

a n d 13 v o lts u s Ĺn g th e  I V  c h a r a c te ristic  c u r v e  o b ta in e d in  F ig u r e  4

12 T o  o b ta in  th e  I V  c h a r a c te ris tic s o f th e  d io d e  u s in g th e  o s c illo s c o p e
, 

c o n n e c t

th e  c ir c u it s h o w n  in  F ig u re  5 b e lo w S e t th e  fu n c tio n  g e n e ra to r to  10 V
p p ,

1K H z  s in u s o id in p u t s ig n a l

R 1

V
.

- '

F ig 5 : M e a s u re m e n t o f I V  C h a r a c te ristic s u sin g  O s c illo s c o p e

13 S e t th e  o s c illo s c o p e  to  th e  x y m o d e C o n n e c t th e  h o riz o n ta l in p u t o f th e

o s c illo sc o p e  c h a n n e l 1 to  th e  a n o d e  o f th e  d io d e  a n d th e  v e rtic a l in p u t

c h a n n e l 2 to  th e  c a th o d e S e t th e  s e n sitiv ity o f th e  v e rtic a l in p u t to  10

m v /div is io n  a n d s e t th e  h o riz o n ta l s e n s itiv ity a t 1 m v /d iv is io n D ra w  th e  c llr v e

sh o w n  o n  th e  s c r e e n  o f th e  o s c illo sc o p e  a n d fin d th e  ju n c tio n  p o te n tia l

14 C o m p a r e  the a e  re şu ıts  w ith th e  ta b le  y o lr m ad e
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爷
一

一

。

17 C o n s tru c t th e  c ir c u it sh o w n  in  F ig u r e  7

上
F ig 7  : Z e n e r  D io d e  T e st C ir c u it
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19 U s e  th e  v a lu e s fr o m  T a ble  3 to  p lo t th e  lz  v e rs u s V z  c u lv e  in  F iB u re  8

lıO  ıo o
ぬ (v 》  

l= ı l= l 回国旧国画

F ig 8 : Z e n e r  R e v e r s e  O p e ra tin g C u Tv e

20 D e te rm in e  th e  internal D C  re s ista n c e  R z  o f y o u r z e n e r d io d e  b y tak in g th e

c h a n g e  in  z e n e r v o ıta g e
, 
V z , 

d iv id e d by th e  c o rT e sp o n d in g c h a n g e  in  c u 1T e n t
,

Iz  

「

エ
ー

7

osama
Draft
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Q U E S  T JO N S  &  P R O B L E M S

1 R e fe r  to  y o u r  g ra p h s  in  F ig u re  4 C o m p a re  th e  fo rw a ]. d c h a ra c te ristic s  o f the

tw o  d io d e s E x p la in  w h y  th e y a re  s o  s im ila r  (o r d is sim ila r)

2 R e fe r to  y o u r re s u ıts in  T a ble  3 E x p la in  h o w  y o u  c o u ld u s e  th e s e  re s u lts to

c a lc u la te  th e  z e n e r  im p e d a n c e  o f th is  1N 52 4 0 z e n e r  d io d e

3 F r o m  s te p ( 18) w h a t is th e  d iĤ e r e n c e  be tw  e e n  th is Z e n e ı  d io d e  a n d th e

n o r m a 】 d io d e  y o u  m e a s u re d p re v io u s ly
" C a n  y o u  le ll th e  d iw e re n c e  b e tw e e n  a

n o o n a l d io d e  a n d  a  Z e n e r d io d e  by lo o k in g to  the ir c h a ı a c te ris tĵ c  c h a 1l s
"

8
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L a b  S e s s io n  2

D io d e  A p p ıic a  tio n s  R e c tifie r s
, 
F iıte rs

, 
C ıip p e r  a n d

C la m p e r

O B J E C T IV E S

A fte r  p e rf o rm in g tłris e x p e rim e n t
, y o u  sh o u ld  b e  a b le  to

D e m o n s tra te  th e  stre n g th s  a n d w e a k n e s s e s o í th e  tw o  b a sic  re c tifıe r c irc u its

D ra w  th e  o u tp u t w a v e fo n n s fo r th e  Lw o  b a s ic  re c tilie r t irc u its

 D e m o n s trat e the  ef fec t  an d  be n e f it or  tiıter ing  on  rec t iĥe r  ci t  ·u i ts.

D e m o n str a te  th e  o p e ra tio n  o f th e  sh u n t c lipp e r  c ir c u it

D e m o n s tr a te  th e  o p e r a tio n  o f th e  d io d e  c la m p e r c ir c u it

S  U M M A R Y  O F  T H E O R Y

P a r t 1 R e c tifie r s a n d F ilte r s

T h e  m o s t p o p u la r  a p p lic a tio n  o r th e  d io d e  is th e  r e c ttlíc u !ío ı7 R e c tific a tio n  is  s im p ly

d e fr n e d a s  : th e  c o n v e r sio n  o f a lte r n a tin g c u rre n t (A C ) to  d ire c t c u ) r e n t (D C ) T his

a lm o s t a lw a y s in v o lv e s th e  u s e  o f s o m e  d e v ic e s th a t c o n d u c t in  o n ly o n e  dire c tio n
,  
s o

o n e  p o lm ity o f a n  A C  s ig n a l w h ic h h a s z e ro  a v e ra g e  (D C ) le v e l
, 

c a n  b e  e lin 7 in a te d

re s u ltin g in  n e t D C  c o m p o n e n t A s w e  h a v e  s e e n  in  th e  p re v io u s e x p e rim e n t th is  is

e x a c tly  w h a t a  s e iTric o n d u c to r  d io d e  d o e s T h is  p r o c e s s  c a n  b e  u s e d to  m a k e  p o w e r

s u p p lie s
,  p e a k d e te c to F s

, 
a n d a m p litu d e  m o d u la to r s

"

(a )

F ig I : (a ) In p u t W a v e fo rm , (b ) H a ıf W a v e  R e c tifie d W a v e fo rm  a n d

(c) F u ııw a v e  R e c tifie d W a v c fo rm

9
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T 17e  th r e e  b a sic  re c tifıe r c o n fig u r a tio n s a re  th e  h a ıw a v e
,  

fu ıl w a v e
,  

a n d b r id g e
r e c tilìe rs T he  o u tp u t o f a  p o s itiv e  h a lF w a v e  re c tifie r is  s h o w n  in  F igu r e i (b )
F ig u r e ı (c ) s h o w s  th e  o u tp u t o f a  p o s itiv e  fu ll w a v e o r  b r id g e  r e c titīe r

Ir a iry  c a s e  o f re c tific a tio n  th e  a m o u n t o f A C  v o lta g e  m ix e d  w ith  th e  r e c tifie r '
s  D C

o u  中 u t is  c a lle d r ip p te  v o lta g e In  m o st c a s e s
, 

s in c e
'

p u re
" D C  is  th e  d e s ir e d g o a l

,

rip p le  v o lta g e  is u n d e s ir a ble  o r u n w a n te d If th e  p o w e r  le v e ls  a re  n o t to o  g re a t
,

filte riırg n e tw o rk s  th a t a r e  c o m p o s e d o f s u ita bly c o n n e c te d  c a p a c ito rs  a n d in d u c to r s

m a y b e  e m p lo y e d  to  r e d u c e  th e  a m o u n t o f rip p le  in  th e  o u tp u t v o lta g e W e  w ill b e
dis c u s sin g  a n d u s in g o n ly th e  s im p le  c a p a c ito r  filte r A  m e a s u r e  o f th e  e ffe c tiv e n e s s

o f a  filte r  is  giv e n  b y  r ip  p te  Jrcıor (r), 
w hic h is d e fin e d a s th e  r a tio  o f th e  p e a k p e a k

v a lu e  o f th e  A C  c o m p o n e n t to  th e  D C  o r a v e ra g e  v a lu e T h a t is

r  =  
r

V  (1)
B y  B

It is  d e sira ble  a n d im p o r ta n t to  m a k e  ripp le  fa c to r a s  s m a ll a s p o s s ib le

V

T h e  c a p a c ito r  filte r is th e  sim p le s t ĥ 1te r c irc u it w ith  a  c a p a c ito r in  p a ra lle l to  th e  lo a d

re sisto r  R
L

T h e  c a p a c ito r  is  c h a r g e d  to  th e  p e a k  v a lu e  o f th e  r e c tiĥ e d v o lta g e  V
p 

a n d

b e g in s  to  d is c h a r g e  th r o u gh  lo a d re sis ta n c e  R
L  

a fte r  th e  re c tifıe d  v o lta g e  d e c r e a s e s

fr o m  th e  p e a k v a lu e T h e  r a te  o f d e c re a s e  in  th e  c a p a c ito r  v o lta g e  b e tw e e n  c h a r g in g

p u ls e s d e p e n d s  u p o n  th e  r e la tiv e  v a lu e s o f tim e  c o n sta n t R C  a n d th e  p e rio d o f th e

in p u t v o lta g e T h e  la r g e  tim e  c o n sta n t re s u lts in  s lo w e r d e c r e a s e  a n d h e n c e  s m a lļ e r

rip p le  c o m p o n e n t T h e  c o n c e p t o f c a p a c ito r filte r is illu s tr a te d in  F ig m e  2 T h e

dis a d v a n ta g e s  o f th e  c a p a c ito r filte r  lie s in  (a ) p o o r r e g u la tio n  a n d  (b) in c r e a s e d

rip p le  a t la rg e  lo a d s

C ha rge Discha rge T  ?

F ig 2  : O u tp u t V o lta g e  C a p a c ito r F ilte r  is a  D C  V o ıta g e  a n d S m a lı T ria n g u la r  R ipp le  V o lta ge

F o r  m o st p o w e r a p p lic a tio n s
, 
h a lf w a v e  re c tific a tio n  is  in s u ffic ie n t fo r th e  ta sk T h e

h a rm o n ic  c o n te n t o f th e  r e c tif ie r s  o u tp u t w a v e fo rm  is v e ry la rg e  a n d c o n s e q u e n tly

diffic u lt to  filte r F u r th e rm o r e
, 
A C  p o w e r  s o u r c e  o n ly  w o rk s to  s u p p ly p o w e r  to  th e

lo ad  o n c e  e v e ry  h a lF c y c le
, 

m e a n in g th a t m u c h o f its c a p a c ity  is u n u s e d H a l w a v e

re c tific a tio n  is
,  
h o w e v e r

, 
a  v e ry  sim p le  w a y  to  re du c e  p o w e r  to  th e  r e sis tiv e  lo a d
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T h e  ha1Fwav e  v o lta g e  s ig n a l o f F ig u r e  3(a ) n o rm a lly  e s ta blish����

T h Ĥ t is ,

T h e  fu ll w a v e  r e c tilie d sig n a l o f F ig u r e  3 (b) h a s  tw ic e  th e  a v e ra ge  o r D C  le v e l o f th e

halway s ig n a l
, 
o r  6 3 : 6 %  o f th e  p e ak  v a lu e  V

p  

T ha t is
,

(3)

V  V  

0  6 36  V p

(a ) (b )

F ig 3 : (a ) H a lf W a v e  R e c tifie r (b) F u ll W a v e  R e c tifie r

ln  r e c tific a tio n  sy s te m s  th e  p e a k  in v e rs e  v o lta g e  (P ĺ v ) o r Z e n e r b re ak d o w n  v o lta g e

p a r a m e te r  m u s t b e  c o n s id e r e d c a r e fl111y T h e  P IV  v o lta g e  is th e  m a x im u m  r e v e r s e

b ia s  v o lta g e  th a t a  d io d e  v o lta g e  c a n  h a n dle  b e fo re  e n te r in g  th e  Z e n e r b r e a k d o w n

r e g io n F o r  id e a l s in g le d io d e  h a ìF w a v e  re c tific a tio n  sy s te m s
,  
th e  re q u ir e d P IV  le v e l

is  e q u a l to  th e  p e a k  v a lu e  o f th e  a p p lie d s in u s o id a l s ig n a l F o r  th e  fo u r d io d e  fu ll

w a v e  b rid g e  r e c tific a tio n  s ys te m
, 
th e  re q u ir e d P IV  le v e l i5  a g a in  th e  p e a k  v a lu e

, 
b u t

fo r  a  tw o d io d e  c e n te ta p p e d  c o n ĥ gu ra tio n
, 
it is  tw ic e  th e  p e a k  v a lu e  o f th e  a p p lie d

si g n a l

P a r t 2 C lip p e r s  a n d C ıa ın p e r s

T h e  p rim a ry  fu n c tio n  o f c lip p e r s  is  to
"
c lip

"
a w a y  a  p o rtio n  o f a n  a pplie d  alternating

s ig n a l T h e  p r o c e s s  is  ty p ic a lly p e rfo rm e d b y  a  r e sis to r d io d e  c o m b in a tio n D C

b a tte rie s  a r e  a ls o  u s e d  to  p r o v id e  a d d itio n a l sh ifts  o r
"

c u ts
"

o f th e  a p p lie d v o lta g e T h e

h a \F w a v e  re c tifie r is a  s im p le  s e / ie c lip p e r It "
c lip s

"

e ith e r th e  p o s itiv e  o r  th e

n e g a tiv e  a lte r n a tio n  o f its in p u t w a v e fo r m
, 
d e p e n d in g  o n  th e  p o la rity  o f th e  d io d e

S in c e  w e  e x a m in e d  s e rie s  c lipp e r  o p e r a tio n  in  th e  r e c tifie r e x p e rim e n t
, 

w e  w ill fo c u s

s n  

I

(8 )
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F ig 4 : (a ) C lipp in g C ir c u it (b) ın p u l a n d O u  中 u t W n v e fo rm s

A  typ ic a l c lipp e r  c irc u it is  sh o w n  in  F igu r e  4 (a ) In  this c irc u it th e  o u tp u t v o lta ge  c a n

n e v e r b e  g re a te r th a n  th e  v a lu e  o f V
i c

T h e  id e a l dio d e  b e c o m e s  fo rw a rd b ia s e d a t V s

e q u a l to  V
i c  

a n d th is tie s th e  o u tp u t d ire c tly Lo  th e  V
D c  

s u p p ly a s s h o w n  in  F ig u re  4

(b) O fte n  in  th e  d e v e lo p m e n t o f e le c tro n ic  c irc u its it is re q u ire d th a t v o lta g e s  b e

lim ite d in  s o m e  m a n n e r  to  a v o id c irc u it d a m a g e F u r th e rm o re
, 
th e  lim itin g  o r c lipp in g

o f v o lta g e s c a n  b e  v e ry u s e fu l in  th e  d e v e lo p m e n t o f w a v e s h a p in g  c irc u its

T h e  c la n ıp e r  is  a  d io d e  c ir c u it u s e d to  c h a n g e  th e  D C  r efe r e n c e  o f a  w a v e fo rm

w  ilh o u t s ig n ific a n tıy A lte r in g  th e  s h a p e  o ï  th a t w a v e fo r m T h e  p o s itiv e  c \a m p e r  sh \ħs

its in p u t w  a v e f o r m  in  ih e  p o s itiv e  d ire c tio n  ; th e  negatit c la m p e r sh iFts  it in  th e

n e g a tiv e  dir e c tio n ņ i e  n e g a tiv e  c ]a m p e r is id e n tic a l to  th e  p o s itiv e  c la m p e r e x c e p t

fo r  th e  p o la rity o f th e  dio d e  a n d c a p a c ito r C 1a m p e r s  a re  e a s ily  d is tin g u ish e d fr o m

c lip p e r s  in  th a t th e y in c lu d e  a  c a p a c itiv e  e le m e n t A  typ ic a l c la m p e r  a s s h o w n  in

F ig u re  5 (a ) in c lu d e s a  c a p a c ito r
, 
d io d e

,  
a n d r e s is to r w ith s o m e  a ls o  h a v in g a  D C

b a tte ry T h is c iF c u it w o rk s  b y  a llo w in g th e  c a p a c ito r lu  c h a r g e  u p a n d a c t tiL e  a

b a tte ry T h is  is th e  v o lta g e  a c r o s s th e  c a p a c ito r d e p e n d s o n  th e  in p u t w a v e io rm
,  

th e

o u tp u t tn a x im u m  ( o r th e  m in im u m  d e p e n d in g o n  th e  o r ie n ta tio n  o f th e  d io d e ) w ill b e

c la m p e d to  a  fix e d  r e fe r e n c e  p o in t T h e  o n ly d e s ig n  c o n s tr a in t is th a t 2 rr  R C  b e  ĥ v e

tim e s  la r g e r th a n  th e  p e rio d o f th e  in p u t w a v e fo r m

O b s e r v e  th a t th e  o u tp u t v o lta g e  is  s im p ly th e  in p u t v o lta g e  sh ifte d b y th e  v a lu e  o f

s te a dy  sta te  o lfs e t ( V D c ) a s  sh o w n  in  F ig u r e  5 (b)

V
in

,
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P R O C E D  U R E

p a r t 1 H a tf w a v e  R e c tific a tio n

1 C o n s tr u c t th e  h a lF w a v e  r e c tifıe r  c ir c u it sh o w n  in  F ig u r e  6 R e c o rd  th e

m e a s u r e d  v a lu e  o f th e  r e s is to r S e t th e  f\ın c tio n  g e n e ra to r to  a  1 K H z
,

8 
p  

s in u s o id a l v o lta g e  u s in g th e  o s c illo s c o p e

1 N 4 0 0 1 G P

n  o 4

yď

V  

Ī

F ig 6 : H a lF w a v e  R e c tifie r

2  IJs in g  th e  o s c illo s c o p e  w ith  th e  A C D C  c o u p lin g  s w itc h in  th e  D C

p o s itio n
, 

o b ta in  th e  in p u t v o lta g e  V in  a n d th e  o u tp u t v o lta g e  V o  a n d sk e tc h

th e ir w a v e fo r m s B e fo r e  v ie w in g V o  b e  s u re  to  s e t th e  V o O V  ıin e  u s in g

th e  G N D  p o s itio n  o f th e  c o u p lin g s w itc h

D e te n n in e  th e  th e o r e tic a l o u tp u t v o lta g e  V o  fo r  th e  c ir c u it o f F ig u r e  6 a n d

s k e tc h  its  w a v e fo rm  fo r o n e  fu ll c y c le  u s in g th e  s a m e  s e n s itiv itie s

e m p lo y e d  in  ste p  (2 ) In d ic a te  th e  m a x im u m  a n d m in im u m  v a lu e s  o n  th e

o u tp u t w a v e fo r m C o m p a r e  th e  r e s u lts  o f s te p  (2) a n d (3)?

S e t y o u r o s c illo s c o p e  to  X Y  s e ttin g T his  w ill d is p la y  c h a n n e l 1 (y o u r

in p u t) o n  th e  h o r iz o n ta l a x is a n d c h a n n e l 2 (th e  o u tp u t o f th e  c ir c u it) o n

th e  v e r tic a l a x is T h e  X Y  m o d e  w ill disp la y  th e  tr a n s fe r  c h a r a c te r is tic  o f

y o u r c irc u it S k e tc h  th e  tr a n s fe r c h a r a c te ris tic  y o u  o b s e r v e d a n d c o m m it

M e a s u re  th e  D C  v a lu e  o f V o  u s in g th e  D C  s c a le  in  th e  D M M

C a lc u la te  th e  D C  le v e l o f th e  h a l w a v e  r e c tifie d s ig n a l o f ste p (2) F in d

th e  p e rc e n t d iffe r e n c e  b e tw e e n  th e  m e a s u r e d v a lu e  (fr o m  ste p 5) a n d th e

c a lc u la te d v a lu e
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U

7

Fig 7 : B ridge R e c tifie r

P ◆rt 3 R e e lilie r F ilte r iıłg

A s yo u  ha v e  se e n  in  the  pre v io u s pa rts o f this e x pe rim e n t
, 
th e  o u tp u t h o m  a  re c tiJie r

i5 a  p u ls atin g D C  v o lta ge T h e filte r in  a  lin e a r po w e r s u ppıy is d e sign e d to  re du c e  lhe

v a ria tio n s in  Lhis D C  v o Jta g e A s yo u  w ill se e  sho rtly . 
The  v a lu e  o f the  filte r c ap a c ito r

d e te m rin e s ho w  efictive the  ĺìlte r is N o  filte r is pe rfe c t Ho w e v e r
, 
so  the  v a iia tio n s in

th e  D C  v o lta g e  a ľ e  n e v e r c o m ple te ly e jim İn a ted 丁he  re m a in in g v a ria tio r s in  the  D C

v o ıta ge  a ľ e  re fe rre d to  a s the  / /ï /Tle  v o lta g e  (K )  

8 A dd a  rrF c a p a c ito r in  p a raıle l w ith th e  bridg e  re c tifie r lo a d a s sho w n

in  Fig u re  8 U s e  th e  D M M  to  u le a s u re  V o a n d re c o rd this v a lu e

"

I  h M

Fig 8 : F ilte red B ridge  R e c tifie r

i į
9 U se  the  o s c illo s c o p e  to  o bs e rv e  a n d m e asu re  the  ripple  v o lta ge (N o te

T he  C ha n n e l 1 in pu t m u st be  A C  c o u pled to  m e a su re  th e  ripple  v o lta ge )

D ra w  the  ripp le  w a v e fo rm , 
a n d re c o rd its m e a s u red p e a k to p e ak v a ıu e

to C h a n g e  the  filte r c a p a c iĺ o r fro m  1 lrF to  10 ĻlF Po w e r ï rp a n d r?pe Ĥ t

Ste ps (8) a n d (9) D ra w  th e  ripple  v o lta ge w a v e fo m r
, an d re c ô rd its

m ea s u re d pc a k to p eĦıc  v a lu e

g
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p a r t 4  T ile  S h ıın [ C ıip p e r

1 1 C o n s tr u c t th e  c lip p in g  c irc u it sh o w n  in  F ig u re  9 R e c o rd  th e  m e a s u r e d v a lu e

o f th e  r e sis to r N o te  th a t th e  in p u t s ig n a ı is  ı0 V
p p 

s in e  w a v e  a t a  fre q u e n c y  o f

1K H z

R l

V
h

ıSV

F ig 9 A  s h u n t C lip p e r w ith D C  B a tte ry

召

12 U sin g  th e  o s c illo s c o p e  w ith th e  A C D C  c o u p lin g s w itc h in  th e  D C

p o s itio n
,  

o b ta in  th e  in p u t v o lta g e  a n d th e  o u tp u t v o lta g e  V
. . . 

A n d s k e tc h

th e ir  w a v e fo r m s B e fo re  v ie w in g 
. . 

B e  s u r e  to  s e t th e  
. . 

=  O V  lin e

u s in g th e  G M ) p o s itio n  o f th e  c o u p lin g  s w itc h

P a r t 5 C ła m p e r s  w itłł D C  B a tte ry

13 C o n s tr u c t th e  c ir c u it sh o w n  in  F ig u r e  10 C o n n e c t a  2 K H z
,  
10 V

p p 
s in e  w a v e

to  th e  in p u t a n d u s e  th e  o s c illo s c o p e  to  o b s e rv e  th e  in p u t a n d o u tp u t s ig n a ls

1
F jg 1 0 C la m p e r C irc u it w ith  D C  B a tte ry

14 R e p e iıt s tep  (12) fo r F ig u r e 10
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e U E S  H O N S  &  P R O B L E M s

1 U sin g th e  r e s u lts o f ste p  (2 ), 
c a lc u la te  th e  p e a k v a lu e s o f th e  c u rre n t i (t) a n d

sk e tc h  its  w a v e fo rm

2 R e Ř r  to  F ig u r e 7 E x p la in  h o w  y o u  w o u ld m o d ify th is  c irc u it to  o bta in  a
n e g a tiv e  lo a d v o lta g e

3 R e k r  to  th e  c ir c u it s h o w ]7 in  Figue 8
, 
h o w  w o u ld yo ll d e c r e a s e  th e  tip p le  in

th e  o u tp u t v o lta g e ?

4  R e fe r to  th e  c irc u it sh o w n  in  F ig u re  9 H o w  c a n  yo u  lim it th e  o u tp u t a t a

v o lta g e  d iffe r e n t th a n  th e  th r e s h o ld v o lta g e  (V ,) o f th e  d io d e
, 
fo r  e x a m p le  a t

a ro u n d 土 5 V ?

osama
Draft
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L a b S e s s io n  3

B J T  C ïıa r a c te r is tic s a n d  D C  B ia s in g

O B J E C  T I V E S

A fte r  p e rfo rm in g  th is  e x p e rim e n t
, y o u  sh o u ld b e  a b le  to

ı D e te rm in e  th e  tr a n s is to r  typ e  (N p N
, 
p N p ), 

te rm in a ls
, 

a n d m a te ria l u s in g  a
d ig ita l m u ltim e te r (D M M )

*  D e te r m in e  th e  p a r a m e te r s  fo r th e  s m a ll s ig n a l tr a n s is to r m o d e l o f a  B ip o la r

Ju n c tio n  T r a n s is to r  (B JT ) a n d u s e  th e s e  p a ra m e te F s  to  p lo t th e  D C  lo a d  lin e

ı In v e s tig a te  th e  o p e r a tio n  o f th e  tw o  ty p e s  o f B ip o la r  J u n c tio n  T ra n s isto r

S U M M E R Y  O F  T H E O R Y

A  bip o la r  ju n c tio n  tr a n s is to r  (B JT ) is  a  thr e e te r m in a l s e m ic o n d u c to r  d e v ic e
, 

m a d e  o f

e ith e r s iti c o n  (S i) o r  g e r m a n iu m  (G e ) T h e ir s tr u c tu re  c o n s is ts o f tw o  la y e r s o f n ty p e

m a te ria l s e p a r a te d b y a  la y e r  o f p typ e  m a te ria l (N P N ) o r  o f tw o  la y e r s  o f Fmaterial
se p a r a te d b y  a  la y e r  o f n m a te ria l N P  ) In  e ith e r  c a s e

, 
th e  c e n te r  la y e r  fo rm s th e

b a s e  o f th e  tr a n s is to r
, 

w h ile  th e  external la y e rs  fo r m  th e  c o lle c to r a n d  th e  e m itte r  o f

th e  tra n sis to r It is  th e  s tr u c tu r e  th a t d e te rm in e s th e  p o la r itie s  o f a n y  v o lta g e s a p p lie d

a n d th e  d ir e c tio n  o f th e  e le c tr o n  o r  c o n v e n tio n a l c u r re n t flo w W ith re g a rd to  th e

la tte r
, 
th e  a rr o w  a t th e  e m itte r te rm in a l o f th e  tra n s is to r sy m b o l fo r e ith e r ty p e  o f

tr a n sis to r  p o in ts  in  th e  d ir e c tio n  o f c o n v e n tio n a l c u rr e n t flo w  a n d th u s  p r o v id e s  a

u s e fu l re fe re n c e  a s s h o w n  in  F ig u re  1 0 n e  p a rt o f th is e x p e rim e n t w ill d e m o n s tr a te

h o w  y o u  c a n  d e te r m in e  th e  ty p e  o f tr a n sis to r
, 
its m a te r ia l

, 
a n d id e n tify  its thre e

te rm in a ls

E

B  O

P IW  O  C

T ra n s isto r S y m bo ls

A  bip o la r  ju n c tio n  tra n s is to r (B JT ) is v e ry v e r s a tile Įt c a n  b e  u s e d in  m a n y  w a y s
, 
a s

an  a m p lifie r
,  

a  s w itc h  o r a n  o s c illa to r B e fo re  a n  A C  in p u t s ig n a l is a p p lie d to  th e

tru w is to r
, 
its  D C  o p e r a tin g  c o n d itio n s  n e e d to  b e  s e t
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- w u e n  ıo o k in g  a t th e  c tırv e d  fa c e  o f th e  ty p ic a l p a c k a g e  o f th e  B JT  tra n s is to r  a s  s h o v min  F ig u r e  2 ,  
th e  e m itte r  (E ) is  o n  th e  right, 

th e  b a s e  (B ) is  in  th e  m id d le  a n d th ec o lle c to r  (C ) is  o n  th e  le Ĥ  s id e  a f th e  p a c k a g e

F ig 2  : T y p ic a l P a c ka g e  o f th e  B JT  T ra n s is to r

T he re  a r e  th r e e  r e gio n s o r o p e ra tio n  fo r th e  tra n s is to r A c tiv e  R e g io n S a tu r a tio n
R e g io n  a n d C u to Æ R e g io n T o  b ia s  a  B JT  tra n sis to r fo r o p e ra tio n  Ĵ n  th e  a c tiv e  re g io n

,
th e  b a s e e m itte r  ju n c tio n  m u s t b e  fo r w a rd bia s e d a n d th e  c o 1Įe c to r b a s e  ju n c tio n
re v e r s e  b ia s e d T h u s

, 
in  th e  a c tiv e  re gio n

, 
c u r re n t w ill flo w  th r o u g h th e  c o lle c to r  a n d

w ill b e  re la te d to  th e  b ? e  c u rr e n t b y

W h e re

ì
,

: T h e  c o lle c to r c u rr e n t
,

ì
.  

: T b e  b a s e  c u r re n t
,

P : T h e  D C  c u r r e n t g a in

'
c

- P '
B  (1)

b  ° ė

T h e  a c tiv e  r e g io n  is  th e  d e s ir e d  r e g io n  o f o p e r a tio n  fo r  a  lin e a r  a m p liĥ e r

If th e  c o 1ıe c to r  v o lta g e  th lls  b e lo w  th e  b a s e  v o lta g e  by a n  a m o u n t th a t e x c e e d s th e

th r e sh o ld v o lta g e  o f th a t ju n c tio n
, 

th e  c o lle c to r b a se  ju n c tio n  w ill b e c o m e  fo r w a rd

bia s e d a n d  th e  tr a n s is to r  w ill e n te r  th e  s a tu ra tio n  re g io n T ra n s is to r  s w itc h in g c irc u its

a re  g e n e r a lly d riv e n  in to  s a tu r a Įio n  fo r th e  O N  sta te H o w e v e r
, 

fo r a p p lic a tio n

re q u ir  in g r a p id s w itc h in g  th e  d ista n c e  d riv e n  in to  s a tu r a tio n  m u st b e  lim ite d to

pre v e n t lo n g  c h a r g e  s to ra g e  tim e  in  o rd e r to  re d u c e  s w itc hin g tim e

In  a dditio n  to  th e  a c tiv e  a n d s a tu ra tio n  re gio n s
, 

th e  tra n sis to r w ill e n te r th e  c u to ff

re gio n  if b o th  th e  b a s e e m itte r a n d b a s e c o lle c to r ju n c tio n s b e c o m e  re v e rs e  b ia s e d In

this c a s e
, 

a ll te rm in a l c u rr e n ts  a r e  e x tre m e ly s m a ll a n d th e  tra n s isto r is  s a id to  b e  o ff

S w itc hin g  c ir c u its  a re  d riv e n  in to  c u to ff w h e n  th e  d e s ire d  s ta te  o f th e  s w itc h  is  O p E N

-In  o rde r to  u s e  a  tra n s isto r  in  a n  a m p lify in g c ir c u it it h a s to  b e  b ia s e d In  o th e r w o rd s
,

a  Q p o in t h a s  to  b e  s e t in  o rd e r  to  p la c e  th e  d e v ic e  in  th e  a c tiv e  r e g io n  o f o p e r a tio n

T h e r e  a ï e  s e v e r a l m e th o d s w h ic h c a n  be  u s e d to  bia s a  tra n s is to r F igu re s  3 a n d 4

d e m o m tra te  tw o  p o s s ib iıitie s
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T he fh s t sc h e m e  (F ig u re  3) is  c a lle d a  fix e d b ia s  s c h e m e In  a  fix e d b i? in g th e  b a s e

c u rre n t is  s e t thr o u g h a  b a s e  r e s isto r a n d th e  e m itte r o F th e  tr a n s is to r  is  g r o u n d e d T h is

s c h a n e  is  n o t u s e d in  p ra c tic e  s in c e  th e  Q p o in t d e p e n d s  v e ry  s tro n g ly o n  e

F ig 3 F ix e d B ia s in g S c he m e

A  s e c o n d p o s s ib ility , 
w h ic h  is c o m m o n ly u s e d

, 
is  th e  s e lf b ia s in g s c h e m e H e re  th e

b ? e  v o lta g e  is s e t th r o u g h a  v o lta g e  d iv id e r a n d th e  e m itte r is tie d to  g ro u n d th r o u gh

a  re sis to r If d e s ig n e d c o rr e c tly , 
th is s c h e m e  is  re la tiv e ly in d e p e n d e n t o f P

+ 20 V

3 9 0 4

R

R
t

F ig 4  : S e lF B ia s in g V o lta g e  D iv id e r S c h e m e

P r e L a b

R e a d th e  sp e c ific a tio n  sh e e t fo r th e  2N 390 4 N P N  B JT  tra n s is to r a n d d e te rm in e  th e

typ ic a l a n d  m a x im u m  v a lu e s  fo r  e a c h  p a r a m e te r lis te d in  T a ble  2

+ 5V
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P R O C E D  U R E

p e rł 1 C h e c kin g  T r a n s is to r s

īt is o fte n  n e c e s s a ry to  p e rfo rm  a  qu ic k c he c k o n  a  tra n sisto r  to  de te rm in e  thetran sisto r
'

s typ e
, 
te rm in a ls

, 
m a te ria l a n d if it is w o rkin g B ip o la r tr a n sisto rs a r e  e ith e rN pN  o r  PN P d e p e n din g o n  the  arr a n ge m e n t o f m ate iīa ls a s in  F igu r e  5

F ig 5 : A m n ge m e n t o f T ra n sisto r
'
s M a te ria ls D e p e n din g o n  its T yp e

F o r  p u rp o s e s  o f q u ic k te s tin g  o n fy , 
a  tra n sisto r c a n  be  tho u ght o f a s tw o  ba c k to  ba ckdio de s a s in  F igu r e  6 a n d h e n c e  the  fo llo w in g p ro c e d u re  w iļl d e te rm in e  th e  typ e

,te rm in a ls
, 

a n d m a te ria l o f a  tra n sis to r a n d it c a n  be  te ste d in  th e  sa m e  m a n n e r a s adio de T h e  p ro c e d u re  w ill u tiliz e  th e  dio d e  te stin g s c a le  fo u n d o n  m a n y m o de rn
m u ltim ete rs If n o  su c h s c a le  is a v a ila ble

, 
the  re sista n c e  s c a le s o f the  m e te r m a y be

u sed

N PN  
"

ı L a b e l th e  tr a n sisto r te rm in a ls o f F igu re  7 a s 1
, 
2

2 S et th e  s e le c to r sw itch o f the  m illim e te r to  th e

dio d e  s c a le

3 C o n n e c t th e  p o s itiv e  le a d o f th e  m e te r to

te rm in a l 1 a n d the  n e gativ e  le a d to  te rm in a l 2

R e c o rd yo u r re a din g in  T a ble  1

4 R e v e rs e  th e  le a d s a n d r e c o rd yo w  re a din g

F ig 7 : D e te rm in a tio n  o f the  Id e n titie s o f B JT  L e a ds

5 R ep e a t step s (3) a n d (4) u sin g the  o the r te rm in a i to  c o m ple te  T a ble  1

1 ı 1 2

2 1 2 l

4 ı 3

5 1 2 3

6 ı 3 I 2
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p a r t Į  D e te r m in in g T r a n s is to r  P a r a m e te r s
a n d  T h e  D C  L o a d  L in e

1 C  o  n n  e  c  t th e  

:
.

" c u  it a s sh o w n  in  F ig u r e 8 u s in g N p N  tr a n s isto r s w itc h o n  th e

p o w e r  s u p p ly

V
i c 10V

o h m

習
F ig 8 : B ia s in g  o F N P N  T r a n s isto r

U s in g th e  D M M  m e a s u re  th e  c o lle c to r
, 
b a s e  a n d e m itte r v o ]ta g e s  w ith  re sp e c t

to  g ro u n d a n d m e a s u r e  th e  c o lle c to r
, 
b a s e  a n d e m itte r c u rr e n ts R e c o rd in g

th e s e  v a lu e s  in  th e  T a b le  2

P a r a m e te r  M e a s u r e d  C a lc u ıa te d
p e r c e n ta g e

e r r o r  lim

V c

V s
上

V E  
L

e q

=  V B E Q  
L

T a b le  2 : T ra n s isto r  P a r a m e te r s

2 1
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4 M e a s u re  th e  c o lle c to r e m itte r  v o lta g e  V
R e c o rd th e s e  v a lu e s  in  T a b le  2

c E  a n d th e  b a s e e m itte r  v o lta g e  v
B E

) rA ĪM ' ' " ,  D C  ı.  d

6 P lo t th e  D C  lo a d lin e  u s in g  th e  c a lc u 1ätèd  v a lu e s  o f s te p  (5) a s e n d  p o in ts o f
th e  D C  lo a d lin e L o c a te  th e  Q  p o in t b a s e d o n  th e  m e a s u r e d v a lu e s  o f I

, 
a n d '

c q

V
c Eq  

7 C o n n e c t th e  c ir c u it a s  sh o w n  in  F ig u re  9 hs in g p N p  tr a n s is to r S w itc h o n  th e

p o w e r  s u p p ly

F ig 9 : B ia s in g  o f PN P T ra n s isto r

8 R e p e a t th e  s te p s  fro m  (2) to  (5) fo r  F ig u r e  9 T a b u la te  y o u r  r e c o rd s
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P . I 3 n ' ' " s l. .  S .  Ĥ .  A

9 B u ild  th e  fo llo w in g  c ir c u it sh o w n  in  F ig u r e  1o  u s in g th e  N p N  tra n s is to rB e  s u re  to  in c lu d e  th e  c u r r e n t lim itin g re s is to r  in  s e r ie s  w ith  th e  L igh tE m ittin g  D io d e  (L E D ) o r it m a y b e  d a m a g e d

V
i c 1 0V

10 0 k o h m

F ig I O  : T ra n s is to r  a s  a  S w itc h

: 0 M a k e  su re  th a t o n e  e n d o f R
B  

is  c o n n e c te d to  g ro u n d a s  sh o w n  in  F ig u re 10

M e a s u re  a n d r e c o rd th e  v o lta g e s a t th e  B a s e  (V . ), 
E ın itte r (V ,  ), 

a n d C o lle c to r

(V c ) W n a t d o  y o u  o b s e r v e ?

11 C o n n e c t th e  B a s e  re s is to r (R .  ) to  + 10 V  in ste a d o f g ro u n d W h a t d o  y o u

o b s e r v e ?

12 F o r th is  c o n fig u ra tio n  m e a s u re  th e  B a s e  (V .
), 

E m itte r  (V ,  ) a n d C o lle c to r

( ) v o lta g e s W h a t m o d e  o f o p e r a tio n  is th e  tr a n s isto r  in ? E x p la in
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. 

I C a lc u la te  th e  D C  p a r a m e te rs  liste d in  T a b le  2 o f th e  N p N  tra n s isto r  in  th e

�,  

c irc u it sh o w n  in  F ig tır e  8 (S h o w  y o u ' "lculations )

2 C o m p a r e  th e  m e a s u re d  v a lu e s  o f s te p s fr o m  (2) to  (4) w ith e x p e c te d v a lu e s
o bta in e d fr o m  Q u e s tio n  (1)

, 
u sin g  th e  v a lu e  o f ß d e te rm in e d in  s te p  (3) a n d a

typ ic a l b a s e e m itte r v o lta g e  o f 0 7 V R e c o rd th e s e  v a lu e s in  T a ble  2

3 F o r  P a r t 3 : W n a t is th e  o p e ra tin g m o d e  o f th e  N p N  tra n sis to r w h e n

c o n n e c tin g

(a) R B  
to  th e  gro u n d ?

(b) R B  
to  + 10 v o lt ?

4  F o r P a r t 4  : C a lc u la te  th e  D C  p a ra m e te r s o bta in e d fr o m  s te p (14) a n d c o m p a r e

th e m  w ith  m e a s t? e d v a lu e s W n a t is th e  o p e r a tin g m o d e  o f th e  N P N

tr a n sis to r?
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L a b  S e s s io n  4

A e  ć o n zm o n  E n ıitte r  A n zp lip e r

Pervised by  : D r o s a m a  A l o q u iıi

O B J E C H V E S

A fte r p e rfo rm in g  this  e x p e r im e n t
,  y o u  s h o u ld b e  a b le  to

D e te r m in e  th e  v o lta g e  g a in  o f a  c o m m o n e m itte r (C E ) a m p lifie r

D e te rm in e  th e  in p u t im p e d a n c e  o f a  C E  a m p lifie r

D e te rm in e  A C  r e s is ta n c e  o f th e  e m itte r (r
,
) b r a  C E  a m p lifie r

 *

 E

x p l ai n the  ro l e of  co u p l ing  an d  bypa s s  cn p a c i lor s in a CE  am p l ifier .

D e m o n str a te  th e  e ffe c t th a t a  lo a d h a s  o n  th e  v o lta g e  g a in  o f a  C E  a m p lifie r

 +

 ı

�

S U M M A R Y  O F  T H E O R Y

In  a  c o m m o n e m itte r (C E ) a m p lifie r
,  
th e  in p u t s ig n a l is  a p p lie d b e tw e e n  th e  b a s e  a n d

e m i« e r
, 

a n d th e  o u tp u t s ig n a l is d e v e lo p e d b e tw e e n  th e  c o lle c to r  a n d e m itte r T h e

tra n s isto r
'

s e m iııe r  is c o m m o n  to  b o th  th e  in p u t a n d o u tp u t c irc u it ; h e n c e
, 
th e  te rm

c o m m o n  e m itte r T h e  c o n ?n ï o n e n title r  (C E ) u ï n p tifïe r  is th e  m o s t c o m m o n  B JT

a m p lifie r c o n İ ig u r a tio n T h is  a m p lifie r h a s th e  fo llo w in g c h a r a c te ris tic s

1 H ig h  v o lta g e  g a in

2 H ig h c u rr e n t g a in

3 M o d e r a te  in p u t r e s is ta n c e

4 M o d e r a te  o u tp u t r e s is ta n c e

5 180 ° 
v o lta g e  p h a s e  s hift b e tw e e n  th e  in p u t a n d o u tp u t w a v e fo rm s

T o  m a k e  a n y tr a n s isto r  c ir c u it a m p lify A C  s ig n a ls
, 
th e  b a s e e m itte r  ju n c tio n  m u s t b e

fo rw a rd bia s e d
, 

a n d th e  b a se c o ıle c to r  ju n c ti D n  rn u st b e  re v e rs e bia s e d T h e  p trrp o s e

o f bia s  c ir c u its is  to  e s ta b lis h a n d m a in ta in  th e  p ro p e r D C  o p e ra tin g c o n d itio n s fo r th e

tra n sisto r T h e re  a r e  s e v e ra l w a y s  to  a p p ly D C  b ia s T h e  s im p le s t m e th o d
, 

c a lle d b a s e

bia s  o r fix e d b ia s
, 

is  fr e q u e n tly u n s a tis fhc t o ry d u e  to  m a n u fa c tu rin g v a ria tio n s

be tw e e n  tr a n s is to r s a n d  s e tıs itiv ity  to  te m p e r a tu re  c h a n g e s B a s e  b ia s  is re c o g n iz e d by

a  sin g le  re sis to r  c o n n e c te d  fro m  V c .  
To  th e  tra n sis to r b a s e A  m u c h m o re  w id e ly u s e d

bia s  c ir c u it is  c a lle d v o lta g e d iv id e r bia s V o lta g e d iv id e r b ia s  is n o t a s  s e n sitiv e  to

tra n s isto r  v a ria tio n s  a n d  te m p e r a tu re  c h a n g e s V o lta g e div id e r bia s  is  sh o w n  in

F ig u re i (a )

T o  a n a lyz e  a n y a m p lifie r
, 

s ta r t w ith th e  D C  p a ra m e te rs T h e  s te p s to  s o lv e  fo r  th e  D C

p a r a m e te r s  flu r  th e  C E  a m p lifie r  w ith v o lta g e div id e r  b ia s illu s tra te d in  F ig u re  1 (a )

a re  

l M e n ta ıly  r e m o v e  c a p a c ito r s  fFo m  th e  c irc u it s in c e  th e y a p p e a r o p e n  to  D C

T hia  c a u s e s th e  ıo a d re s is to r
, 
R

L , 
to  b e  re m o v e Ĺl S o ıv e  r  th e  b a s e

v o lta g e
, 
V

n , 
by a pp lyin g  

th e  v o lta g e  div id e r ru le  lu  R
, 
a n ti R

. . 
ııs iılt\s tm te d in

F ig u r e  1 (b )
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fe 叭 ，吋乞 C

ã } 

(d)

2 S u b tr a c t th e  0 7 V  fo r w a rd b ia s  d r o p  a c r o s s  th e  b a s e « m itte r dio d e  fr o m  V B  
to

o b ta in  th e  e m itte r v o lta g e
,  
V

e , 
a s  illu s tr a te d in  F ig u r e  1 (c )

3 T h e  D C  c u r re n t in  tĥ e  e m itte r c ir c u it is fo u n d by a p p ly in g O
h m

'

s  la w  to  R E

T h e  e m itte r  c u lT e n t
,
'
E ,  

is a p p r o x im a te ly e q u a l to  th e  c o lle c to r c u r re n t
,

'
c  

T h e  tr a n s is to r  a pp e a r s  to  b e  a  c u lr e n t s o u r c e  o r a p p r o x im a te ly ï
.  

in to  th e

c o ıle c to r  c ir c u it a s  s h o w n  in  F ig u r e  1 (d )

T h e Ą C  p a r a ru e te r s  fo r th e  a m pıifie r c a n  n o w  b e  a n a ly z e d T h e  A C  e q u iv a le n t c irc u it

is sh o w n  in  F ig u r e  2 T h e  c a p a c ito r s  a p p e a r to  b e  a n C  sh o r t F o r th is  re a s o n
,  
th e  A C

e q u iv a le n t c ir c u it d n e s  n o t c o n ta in  R
E

U s in g th e  s u p e rp o s itio n  th e o re m
, 

V
i c  

is

re p la c e d w ith  a  sh o r t
, p la c in g  it a t A C  g r o tın d T h e  a n a ly s is  s te p s  a r e

1 R e p la c e  a ll c a p a c ito r s  w ith a  sh o rt a n d p ļ a c e  V
i c  

a t A C  g r o u n d C o m p u te  th e

A C  re s is ta n c e  o f th e  e m itte r
, \ , 

fro m  th e  e q u a tio n

2 6 m v

r =

Ie

łţŤ

: i 

ť

osama
Draft
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3 C o m p u te  th e  to ta l in p u t r e s is ta n c e  s e e n  by  th e  A C  s ig n a l

w ith  R .  
b yp a s s e d : R

i,
- R

, IIR , \lp ,
,

w ith  R .  
u n b y p a s s Ġ d : R

i.
- R

, IIR , \lp(Į  +  R
. )

4 C o m p u te  th e  to ta l in p u t re sista n c e  s e e n  b y th e  A C  s ig n a l : (A s s u m in g \ - o D )

o u t C

5 C o m p u te  th e  v o lta g e  g a in  fro m  th e  s o u rc e  to  th e  lo a d

F ig 2  : A C  E q u iv a le n t C irc u it o f C E  A m p lifie r

E Q U IP M E N T S

V a ria ble  D C  P o w e r S u pp ly

D u a l T r a c e  O s c iılo s c o p e

 B r ea d bo a r d�

R e s is to r s

 C a p a c i tor s�

ı p o te n tio m e te r

 2 N3 904 NP N  Tr a n s ist or �

�
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P R  O C E D U R E

p a r t ı= D C  M e «ıs u r e n te rıts

M e lıs u r e  a n d re c o rd  th e  v a lu e s o f th e  re sis to rs

C o n s tm c t th e  a rn p lifie r s h o w n  in  F iB u r c  3 T h e  s iB n n l g e n c r ïı\o r sh o u ld b e

turned o fF M e a s u re  a n d re c o rd  th e  D C  v o lta B e s ıislc d in  T ßbıe  \

U s in g th e  m e a s u r e d re s is ta n c e s n n d th c  v a lu e  o f ß d c ıc n n ln c d in  s le p (2 1U s in g th e  m e a s u r e d re s is ta n c e s n n d th c  v a lu e  o f ß d c ıc n n ln c d in  s le p (2 1

c o m p u te  th e  D C  p a ra m ç tc n l ıis lc d in  r o b te  I fo r \h c  C ı! m n p lilìc r % h o w n  in

F ig u re  3 Y o u r m e a s u r e d a n ti c o m p u te d v  ; \llıc s sh{Uld u w c e  w ilh in  ı0 T į

(S h o w  y o u r c a lc u la tio n s)

◆ + ıl v
Z C

F ig 3 : C E  A m p lifie r

P a r t 2 A C  M e a s u r e m e n ts

4 C o m p u te  th e  A C  p a ra m e te r s liste d in  T a ble  2 (sh o w  y o u r c a lc u ın ticıtıì T h e  A C

b m e  v o luıg e
, 
v

b , 
re p re s e n ts  th e  s iB n a l in p u t to  ıh c  a m pliĥ e r

,  
V

. .

H lu llip ly th e

in p u t s ig n a l by th e  c o m p u te d  v o lta g e  g a in  to  o b tn ın  th e  o u tp u t s iĮ  n n l

S ıJis c o n n e c t th e  lo a d  re s is m n c e  R ,
[ u m  tm  th e  s i* n a l gc n e n ım r a n d a dj \ ]\ t V

,

fo r 0 ı V
, 

s in e  w a v e  a t 1 U  k ll? M e a s u re  th c  p e n k tu  p e n k \ t \ I\ıe q  o r the

in p u t n ııd , \ p u T w e v e ftırm s u n ť] rc c u ru th e n  vnl ue ın  T n \\ıe  l ĺs e  th e

tï ıc o s u rc d b ign e l v u lttig c s tn  c u lĽ u lu ï c  tlıc  v o llfıg e  g n in  Lıľ ıh Đ a m p lilìc r
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: , \ ' " nput ın d  o u tp u t w a w fo n n ı s h o w in g  th e  ph = e  s h ift

7 R e o r e  th e  c im u it to  its o ń B in a ı c o n fiBlıra lio n  s h o w n  in  ïtig\c 3 S a  R
, 

to

]k n
,  

a n d m e a s tır e  th e  p e a k tu  p e a k v a lu e  o f th e  o u  中 u l w v c fo rm R t>c ìo rd

y o u r  m e a s u r e d a n d c a lc u ïtıtc d v a lu e s U se  th is m e a s u re d  v n ıtrıg e  Io  c a lc u lM e

th e  v o lta g e  B a in  fro m  th e  In p u t to  th e  ıo tıd V
L /v »

R e c o rd it In  T a ble  2

吕 U s in g th e  b a s ic  ıa w s  o f v o lta s e  d iv isio n
, y o tl c a ll e o s lıy tlc te n n in e  th e  in p u t

iïrrp e d a n c c  o f th is  a \n p litie r a s fb llo w s

in p u t c tıu p lin g c a p a c ito r

B e tw e e n  \ıte  s ig n a Į g e n e r & [o r a n d th e

A dju s t th e  p o le n tio m e tc r u l\lil V
ı 
d ro p s Io  o n e h a ll th e  v a ıu e  n o ıM

p r iu r  to  in s c ï\ th e  p o lc ī\tio m c tc r

P o w e r d o  \ \ n
, 
a n d ıT N n v c  th e  p o t fro m  th c  c ire  u it »   irllo u f d lĵ lu r b ln g  lli

s e n in g

h le a s u r e  th e  a dju s te d æ s ista n c e  o f th e  p o le n tio m e te r a n d r e c o rd th is

\  a lu e  in  T a b le  2 1 i s  v a lu e  e q u a ls th c  in p u t im p e d a n c e  o f th e

a m p liĥ e r

9 R e m o v e  C  lh m  th e  c irc u it H le a s u re  th e  A C  s ig n a l v o lta g e  a l th c  tr a n sis lò r s

b a s e
,  
e m itte r

,  
a n d c o lle c to r h  le iıs u re  th e  v o lta g e  g a in  o r th e  a m p lifie r

10 W iljh C  o p e n  (R  
E  

u n b ) p a s s e d ): r e p e a l s te p s  (T ) 【u ld 18 ) C o m w  lh e  n cs u ll

\  d u e s  w ith  th e  c a lc u lo te d v a ıu e s o b la in e tl lT tJ M  s te p (4 )

\ ï T o  m e a s u r e  th e  o u tp u t r e s is ta n c e  只 
c le ï 

o f lh c  C l- A m p lilic r c o n n e c t a  \ K Q

p o tc o tio m e le r  c o n n e c te d b e lw  e c n  th e  o u tp u t c o u p lin g c a p a c ito r a n d E m \u td

A dju s t th e  p o te n lio m e le r u n liı V
u ı 

tlro p s tu  o n c h a ll ille  p n \ i\»u s \ a lw

R e m o v e  th e  p o le n tio m e te r a n d m e a s u r e  its  re s is ttın c c B ) th c  \  o ltŁ \ g c  d iv id e r

ro le th e  re s is ta n c e  o f th c  potenliomt[er t  q u o ls  th e  o u tp u t rc s i« ä n c c  o l th e

a m p lifie r

C o m p u te d h  \c a s u r e u

V a lu e  V a lu e

A C  P a r a m e te r  

R
, 
b }p , R

, 
u n b }p  R

, 
b }p ( R

, 
u n b )T   

» J »
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Ī ĝ
1 Re l r to  T a bıe  1 : H o w  c lo s e  a re  yo u ' "lcuıatcd v a lu eł o f th e  D c  l ıt ı

:
: 

ï o  th e  m e a s u re d v a lu e ? E x pıa in  a n y d isc re p n rıc ie s

2 R e fe r  to  th e  w tıv e fo rm s th a t y o u  tlre w  fr o tĵ r F i* u re  3 E x p la in  w łļy the  u u lp u \

sigııa l is  18 0 ° 
o u t o r ph rıs e  w ith th e  in lì u l

3 R e fe r Io  T a b le  2  : H tì w  c l s c  a r e  y o u r c a】c u ln te d v a lu e  o f A C  p m a m e te rs  m  the

m e a s u re d  v a lu e ? E x p la in  a n y d is c re p a n c ie s

4 R e fe r  to  S te p (7) W n a t ha p p e n e d ıo  th e  \ o lta ge  g ljn  o l th e  c irc u it w he n  the

lo a d  re s is ta n c e  w a s  c o n n e c te d ? E x p la in  w hy y Lì u  th in k th is  hııp 17e n c d

5 R e fe r Io  S te p  (9 ) : W h tıt h a p p e n e d \u  th e  v o lm ge  Ē ; ıin  r  th e  c irc u it w h e n  th e

b yp a s s  c a p a c im r  w a s  re m o v e d T E x p la in  w hy y n u  th in k th is h n p pe n c Łl

37
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' % .  ıp t w e .  

·

: Ąūer perlb rm in g th is e x p e rim e n tņ y o il sh o u ld b e  a bl,  tn  

ı C o n stm c \ a  t \ W s ta g e  tra n s is to r ū m p lin c r

*  hle a ŝ u re  th e  D C  a n d A C  p o ra m e lc rs in c lu d in  � th ,  In p u t re s ista n  L e o u tpu t re s is ia n e c ,

\ n łte ge  g ıin
,  a n d  p o  \ \ n r g a in

SU M M /Į R Y  O F  T H E O R Y

A  sin gh  sm g e  o ť a m p lific A tio n  i5 o R e n  n o t e n o u gh fo r a  pa rtic u [s r a pp lic a tio n T h e  o v e ra lı gn in
tbe in c re a s ed b u s in g m o n ? th a n  u n e  s uıg c P m c tic a l tra n s is to r a m p lifie rs  u s u a l}! Ľ tm s isı o f a

n um be r o f s tag e s c o n n e c te d in  c a s c a d e In  ddition 1o  p ro v id e  g a in th e jï r sı (o r in p u t ) sta ge  is

u w J ļł! īe q u ir ed  1o  p ro  \  id e  a  h ig h in p u t rsistance in  o rd e r to  a v o id lo s s o f s ign a i ıe v e l w he n  th e

am plifier  is  fe d fr o m  a  h ig h re s is ta n c e  s o u rc e In  a  d ir e re n tia l a m p lilie r  th e  in p u t s ta ge  m u s t

ak o  Ħ n id e  la rg e  c o m m o n  m o d e  re lc c tio n T h e  fu n c tio n  o l thĽ  m iť ldlč  s ta ge  o r a n  a m p lilīe r

e  is to  p ro  \ id e  th e  b u ık  o l th e  \ o lta ge  g a in In  a dd itio n
, 

th e  m id d le  s t \ g c  p r u  \ id e s sqJh

CleF fu m m io n š  a s th e  c o n  \  e rs lcın  o f 0 1e  s ign a l fro m  d ilre re n tia l m o d e  to  s in g le  c n .l  m m íü  a n J

e  äh ifłin g o í th e  D C  le  \ c l o f th e  s ig n a ıFin a lly , 
th e  m J in  IUnliůn I \ ĺ  th c  t.  ıv  \, \  r o u tp u t) s ta  \

o f a ĵ a a m pļ ifļe r  )s  to  p r o  \ id e  a  ltì \ \ o u tp u t rc s isla n c e  in  o rd e r tū \ \ : ì id lo s s o r ga in  \ \  h e n  4  !.  w

\ alu ed lo a d re s is ta n c e  is c o n n c c ıe d 1o  th e  łım p lilic r A l.  \ ıh v  O u tp u t s ta gč  s h \ 1 : rl, I Tb le  to

su ppb the  c u rre n t req u ire d b y th Ľ  lo a d in  a n  c Ñ c ie n t m a n n e r

Tħe  tw w la ge  ıin e a r a m p lifie r is s h o w n  in  F ig u re  I [t u se s tw  c o m m o n  e m itte r (C E ) ç irËu its
,

》吐山 1h e  P N p  a n d N p N  tra n s is to rs c o n n e c ted in  1 c a s c a d e  A m p lifie r ıĮ
, 

a n d  R
.. 

A r e  n o l

c g m idc re d pa rt o f th e  iā m p liıic r
, 
b u t z\re  trn iy u s e d Io  u lle n u n te  ili c  in p u t s ign J ï I o m  th e  nction

gcnator by a  kn o w n  fa c to r Iu  tın a ıy z e  ilic  n m p liíic r
, 

s u rl \ \ ilh tl \ ?  D C  pa rlım e tt rs U s e

m ea su red v a lu e s o f c o m p ijn c n ts  in  y o u r c a ıc u ln tio n s 11ıe  ste ps  to  s o ıv e  lb r thc  D C  p a ra m e te rs

ĺ o r this  a m pıifie r a re

Ï M e n ta lly r e m o v e  (o p e n ) c a p a c ito rs  fro m  th e  c irc u iı q in c ť  ¡h c ! a p pe a r o pe n  to  D C S o lv e

r  th e  b a s e  v o ıta g e
, 

v
.  

ü r Q ı
13y in sp e c tio n , 

th ť  n { ' " Jıs e  \ \\h H ge  i5 z e ro  ; h o w e v e r  ir

th e  re s isto rs  a re  n o t e q u a l th e  b a s e  v o lta ge  c łin  be  fo u n d by a pp ly in g th e  \ oï mgcivider

ıu Įç  a n d th e  s u  p e rp o s iıio n  th e o rc m  to  R , 
n n d R z 

2 M d d t#  e 7 v  fo r w a rd b in s  d ro p iıc ro ss  the  b a s e e m itte r d io d e  o f Q , 
fro m  V

,  
to  o M n ln

the e m ia w  v o ıtııge , 
V

t 
o r O ,

,

■
国

画
區
胃胃

二

爿

封
;  

i
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: fj: 
vo  \  m ro sS R c r 

a n  d the V  bıta ge dm p a cro ss Q
, Soıw  tbr the  ĐC v o lıaĖe  dm  am a

: ğ Ah equivıleg t t
ìesisttın ce to  find the  \ o ltagc a t thc  c o tlecıo r n f ņ , 

t chń Fute the 
ba s e  v o ltage  o f Q

, 
by a pıìlying the superpo sitio n  the ū rc m  an d v o lıa ï ediv ider ru le  to  R

, 
a n d R

,
Su btra ct ïj 7 V  fro n t th¢ boBc v o llı*o  ıir ţ)

, 
to  nn d thÈ

ıo  determ in e the  e m itte r curreıt ih ų
z  

m im r v o ttage  o l Q , 
Fin d the v o ıtage  acro ss the e m itte r tesi§tôrs &nd a ppıy o hm

'

a tg w

6 A ssum e the em iïtr  r c u tre n t (ste p 5) is cuu a l to the ¢ō lïe c to r cu rre n t !
,

N l ų
,

Fin d the
vo lm ge  a cro ss R

.  
m rd the  v o ltn ge uro p acmss (2, 
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ı C
o nlfutc  \h e  in p u t e n tj o u tp u t re s is ta】\c e  o f Q

. T h e  in Ħn  re li« ın ç e  itıt lu d es  1 r  bia stor in  pa ra lle l w ith th e  A C  r e s istın c e  c  · f thç  o n iEle r c ir c u it re fle cte d in to  th e  blu e

回

j c o m pu te  1h c  in p u t a n d o u tp u t re  s\sta n c e  【) r 9
.

A s tJc fo rc lh c  in p u t re a irta n e e  in c ıu d e s

the  bias  re s
isto rs  rın d th e  A C  e m itte r re s ista n c e  rc fie t \e d tņ Įhc  b s e  c irc u it T h e  o u tpu t

Ħsistan ce  is a g a in  th e  c e jje c to r re sisto r

(3)

ł C qalrpu tc  the  u n to a d e d g a in , \ 
v ıN L , 

o f e a ch s ta ge T h c  u n lo a de d v o lta ge  g a in  ıb r tlıe

COmmonminer m n s is to rs  c a  \ \ be  \ \ ritte n

(4 !

5 C o m p u te  e  o  \  e ra ı1 g a in  o l th e  a m p lifie r ıt is e a s ie r  to  c a lc u la te  th e  ţ o lta g c  ËJ in  o f a

m u lú sm g e  a m p lifie r b v  c o m p u tin g th e  u n lo a d e d v o ıta ge  g a in  b r e a c h s tJ g e
, 
t h n

in c h】đin g th c  to a d in g e lT e c t h ! COnputing v o ıta g e  d iv iLIc r s fo r th e  o u tp u t re s ista n c e  n n d

inp u ı te sis ia n c e  o r th e  fo llľ ıw  ; n  s ta ge T h is id e a  is i \ lu s tra te d in  F ig u re
' E a c h tra n s is to r

is d ra w n  a s  a n  A m p lifie r c u n b is tin g o l a ll in p u t re s is ta n c e Iţ
.

n n  o u tp u t w s is L ın c e

R
.

ılo n g  w ith its  u n lo łıd c d g o in
, 

A
v ı· _ ł

T h e n The  o v e ra ı\ ıo a d e d g ĵ in .\
,

o ĺ  th is

ım plifie r  c a n  b c  fo u n d b y

。
。

一 。
，长女1。， 。

N o ie  th a t iĺ  a  lo a d r e s is to r w a s ııdd e d a c ro s s \h c  o u tpu t A n  n dd itio n a l v o lta ge  di \ id e r

c o n s iĤ in g o f th e  o u tp u t re s is uın c e  o f th e  s e c o n d s tn ge  n n d th c  a dd e d  lo n J  re s is to r is

u sed to  c o m p u te  th c  n e w  g a in

h _ v
m

40
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rRıt  
· E D tíR E

1 C b nw t thc  c irc u it sh o w n  in  F ig ıC{】mpu the  D c  pa m đe n  fo r th e  m p lifie r li§te dM  Tıble  2

2 C O m m e t  th e  tw o sta g e  b ip o la r tra n s is to r a m pıifie r sho w n  in  F igu r e  I T h e  fu n c tio n

g m e r a to r  sh o u ld b e  turned o lr M e a s u re  a n d re c o rJ th Ľ  D C  ų n lla g e s  lis tv J in  T a b le

2 Y o u r m e a s u re d a n d c o m p u te d v a ıu e s sh o u ld a gre e  w iıhin  10 o

3 C o m lM e  th c  A C  p a r a m e te rs lis te d in  T a bıe  3 Rh c  giıin s ıb r e a c h s tJ g c  u rc  n n t lo a d ç  J

The  o u tpu t re sista n c e  o r 9
, 
( R

. fıQ I)
) is sim ply ih c  c o lle c to r re s isto r tı\c  in p u t re sis ta n c e

o f Q 1 
is d e te rm in e d  h y Th c  p ro c e d u re  g i \ c n  in  the  S u m m a ry o f T h e o ry

4 C o m pu te  th e  o v e rB lı ga in  o f the  a m p lifie r u s in g the  comput ga in s fro m  T a ble  3 a n d th e

in pu ı a n d o u tp u t re s is ta n c e  b e ıw  e e n  th e  s ta ge s (se c  ste p 5 o l th c  A C  ĉm u ly s is in  th e

Su ın m a ry o f T h e o ry ) E n te r th c  c o m pu te d o v e m ll ga in , 
A

.
o n  th e  ıirst lin e  u l T a b le  4

U sin g this v a lu e C o m p u te  th e  e x pe c te d o u tp \ ıt v o l\n gc  ū n tı re c o rd th e  c o m p u te d o u tpu t

v o lta ge  o n  th e  la s t lin e  o f r a b le  4

:

:

。
.
,

詰
。
，

イ
，

r
、

主

飞
了

诗
(

t C o n n e c t the  fu n c tio n  g e n e ra to r v o lta ge  ï o  th e  tliv itle r c o m po se d n ıR
.  

n n d R
.  

a s  s h o w n

in  Figu re  1 (N o te  : T h e  p u rp o se  o f th e se  re s isto rs is to  n ttc n u u te  th e  ge n e rn to r  sigm ıı by a

kn u ıv n  a ln n u n t : !?ç v  vil ! ! þe  c ņ n s id¢!e d p eņ o r lhç n m p !iBÇr) T u m  o n  th e  fu n cıio n

g¢n e r rato r  m rd  w t v
, 

lij r a  o 5 v p p s in e  w a v e  a t ı0 K H z (C h e c k v o lta ge  tın d » e qu e n c y

w hh tbe  o s c iılo sc u pe) M e a s u re lh e  A C  sig n aı v o lta ge  a t th e  a m plifie r
'

s o lłtpu t (V . .  \u , 
)

n n d r«  \  d th e  v alu e  o n tlle  l? t ıh c  n l T a ble  4 T he n  u se  V
. .  

N n d V
. . 

To  D n d ıh¢

g e a su re d óv c ra l! ıp jıì.  
A

,
R e Ēo rd ĺ hĘ m c asu rg d o v e ra ll g a in  In  tł!e  (ira i lin e  t+ ï ıo hle  4
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l u e  V łılu c

m lq ll

V  

V  

R

T ıM u  e o m pu lcd  A C  Pammc\crs Tħb\c 4 : c o m p u tm l &  M e ū s u rc d A c  p nłn m c te rs

6 Th e n \e «ısu re ın e n t Ł \ r \h c  tn ta ı in ı\\ll re s is ta n c e ı(
, H . . 1 , 

is d n n e  in d ire c ııy h > u s in g n

po tc n tio m e te r a s  sh o w n  ; n  ! ig u rc  3 T h e  o u tp u t sigm ıı 1 v
. . . 

) s e t hy v
, 

ıo  D  c o n v e n im t

k v e l w id t th e  a m pliıic r o p e m tin g n o n n u ıly (n u  c lipp in g o r d isto rtin n ) U s in g th e  b a s ic
Įa \ľ s o r \ n lm ge  d iv is io n ! t \ u  c a n  e a sily d e te rm in e  th e  in p u t im p e d a n c e  o f th is m pıirie r

 I ns e r t a ı00  kn  p o t en t iom e t er  in se r ies  bet we e n  the  bas e  of  the ımn s i st or  Qı a
n d �

th e  in p u t c o u p lin g c   · rpıc ito r

A dju st th e  p o te n tio m c te r u n ıil V d ro p s to  o n e h a ıf th e  v a lu e  n o tĦJ p rio r Io

in s e n  th e  p o  te n tio m e te r

P o w e r d o  \ \ n a n d re m o v e  th e  p o t fro m  th e  c irc u it w iıh o tıı d ts ru r b ln g  its  s e rripıg

 h lea s u r e t he  a d jus ted  r es ist an c e  o r  the  p o t en t iom c l er . d  r ec o r d t hi s \ a l ue  i n�

T ab le  4 T h is  v a ıu e  e q u a ls th c  in p u t im ped a n e c  o f th e  a m pıifie r

7 In  th is  s p  y o u  w iıı m e a s u re  th e  o u tp u t re sis m n c e  u l th e  u m  pliier T h e  Ľ o n ip u tc d o u ıp u t

re s isıa n c c  is  th Ľ  s a m e  n q ı(
,

th e  ıo a d rc sis\o r o r Ų ,
T o  m e a stın th c  o u tp u t re sis m n c e

R
_

c o n n e c t a  1 ü K D  w tc n tio m c le r c o n n e c te d tw tw c e n  the  o u ti \ u t c tru p \in g c a N c ıto r

a n d g o u n d A dju s t th e  po ıc n tio m c te r u n ıil V
. .  

J m p s to  o lic h \ Iľ th e  p re v io u s v o lu e

R e m o v e  th e  p o le n tio m e te r a n d n tc [ls lirc  il \ æ s is tu n e c II! th e  \ u ltn g c  d i \ id e r ro le Th e

re sista n c e  o f th e  po le n tio m e te r c q u n ıs th e  o u tp u ı re sis\n n e c  o ıth e  a m pıilìe r

k n  
q

F i*  3 M ¢ū lłı Ħāìm  tìf 1R
n R į ī r j

R  
n M )

R
.  (qı)
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i§  

ŕ*W ati ox .  
a n d  r e v ie w @ lıe s t io n s

ł� fein the  lrr
in c ip le  u se d to  m e a su re M e  in pu t ın d o u tp u t re s iu a n \ c

: W heı i$ the  ph lısc  b e tw e e n  th e  in p u t n n d o u tpu t sign a l? E x p lbın  yů u r a n s w e r

3 w m  is ? e  ge n e raı c h a r a c te ris tic  o l th e  m u ılislu gc  c irc u it sh o w n  in  fiBu re I

R
.  

r d m ie l 1o  R
. . )? E x p la in  w hy

如一

osama
Draft
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OBJEC H  VE S

Añer perform ing this ex perim ent
, yo u sho uld be able to

ı  \ n alyz e the o penıtio n o f the in verting, n o il  · in ve rtins and $u m m ıfıg Bm plincr

 D e tenn i ne  m L j m c asHr c t hc c los ed. I, l1\ı\ o ltogc gain r \i a ıı \ nL ť l ling  an J  g�

n o n in \ c rting im iplilic r

ı D cm n n str.  N c ihe  eıTec ts \ rf ı{ìtıd rçsisıan ec tRH a m plilìe r giıin

ņ I) en\o n stm \e the rc latiņ ıìship hcl \ \ ce n ıhc gain atıtl thc han dw idth ıiır o pe rm io na l

om pıiĺieĦ

SUAF 隽星 JĮ R Y O F TH E O R Y

A n operatio nal am pıifier tu p a m p) is n lin ea r integra ted circ u it ıhuı in co rpo rn tes a D C -

c o u Fk  high gain  diflkre m iaı am plilìe r an d o ther circu itry tha t gi w  it spec ific c haracte r

igics Tne idea l op an 7p has ce rta in u n attainable spe c ifica tio n s
, 
bu t hu n dreds tıft pe .  I\l

operario n al am pıifiers are a v ailable w hich v ary in specific w a»s lro m  the ¡deal op ırm p

im portan t spce iiìca tio n s in clude v ery la rge o pen loo p gain . 
High in pu r impcdanc am i

ıo \ \ om pu t im pedan c e

The o pam p chip tha t w e a re u sin g in ıhis ıab is thc 74 1, \ o pam p \t co m es in an  S pin

đuaļ in lin e package (D IP) (sce fig ı ) Thc co n n ec tiů n \ fu r tlıv pin s a rc as h Ho w s pin s

anđ 3 are fo r \ an d v +
, pin \ is fo r n ega ïi \ c  su prl w  ltngc, pin 7 1.' r Ħtsiti \ c supp[!  

voltage .  
And pin  6 is fo r the o u tpu t

-
C .

I IM T Ņ \ !uıj

V

Fiq 1 : (at Thc Sp n hJlfo r on O p A m p

Ļ - Ï
'

(b)

(b) Typical 8  pin  DıP O p A m p
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O p e ra tio n a l o m p lifie rs  c a n  b c  u se d  to  p e rfo r m  m B lh e m ıticıl o pc rıtitìn s u n  v g jıııe  ıiın ıh
su c h a s in v e rsio n

.  
s d d itio n

,  
s u btr a t tio n

.  
In te g ra tio n

.  Dimnıiation
,  

ın d  m \ipıic a io n  by
B  c o n sıa n t h  th is e x pe rim e n t w e  w iı\ intrluce the  in v e rtin g N o n in w R in g a  nd  s u m m n B
arn płiūæ s

ın v e r tin B  A m p llĥ e r

Th e  b a s ie  in v e rtin g o p a l11p c \ì n {igu ra tio n  is sh o w n  in  F i=u re īh c  in v e n in g ım p \\fi¢r
pro du c e s a  ı80 o  

v o lm g e  ph a s e  sh ift \r n m  iıs  in p u t 1o  \13 o u tp u t ın v e rtin g ım p lłfle ï s c lın

a lso  b e  d e s ign e d \b r a  w id e  r a n ge  o l \ o h a gc  ť a in s \ ! \t \ c  sa m e  lim e
,  

th c  in l e n in g
a m plifıe r h a s  m a n y c h a ra c te ris tic s H 1 = l a re  u c lc t rn in c d ıo rg c lv  Į, \ ıltc  e x tc m iıı b iıŔ in g
re sisto r

.  
R

, (in p u t re sis to r) a n d R
, 
(fe e d bıc k ıt s is ıo r)

ı In s e rtin g  a m pı ilie rs  a n  c n p a b \ c  u f e x \ı  c m c ıy h iï lı v u ııa ge  ga in t

ı \ 
\  

=

lĮ
,

 7

1re gai n of  an  inĻertin am p ıilicr  i\ c x u c m Ľ l y sıabıe an d  co s y lu ca l cu l at e.

\n Ħıt re sis ta n c e  R - R
,

R っ

w v

F IB 2 : In v e n in g A m p liū c r

O u tp u t re s ista n c e  : R - (I n

ın v c n in g a m p lilie rs  a rc  ç ßbie r h \ U c \ign  a n d \ rn u hıc * h u o l \h , m  c \ \  m m o n  c n \ıtte r o r

c o m ıTlo n  s a u r e  a ın p lilìe r s

N o n inverlinl A m p ıifıc r

A n o th e r c o n fiBu ra tio n  o f o p a m p is 1h c  n o n in v e rtin g  n ın p liĺlc r a s sh o w n  in  F igu re  3 T h e

n o n in v e n in B a m plilie r s h a re s ın a n y c h a ra c te ris tic s \ \ itıt th e  in v e n in g tım pıin e r \ J - o n

h igh ų o ıta ge  g a in ), 
w ith s o m e  e x c e p tio n s

A s  th e  n a m e  im p lie s
,  
th c  o u tp u t o f th is  rlm p \ ifie r is in  ph tls e  w h h itx i 미 1 u l

T h Q  n o n in v c n in g a m p lifie r h a s s ig n ific a n tly ı\igh c r in p u t imdance th a n  a  c o m p
a r a b le  in w rtin g a m p lifie r R

,
.  m  Q

( io w d v o lta l&e  g a in  : 4 °  ı 4  ļ 51

: 4 $

12)
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A s sh o n in  F ig u re  Ł th e  in p b t is  cÐtm e c ı= d d in et lt to  the  n o n ĵn \ e r tin g  te m lin a ļ o f t h
t»amp A s  a  u l t Th e  c irc u it in p tłt im p e d a n t e  is  e qu a l to  (ů t grıtcr 1l\a īf) th e ¡n p u t
im p e da n c e  o f th e  o p a m p its e lĹ

li e n c LJm W  to  dis c r e te   · n lp lilie r  c irc u its  (lih  ïhc  e m in e r (r f s tru rc ¢ ib lk t \  \e rĽ the

n o n ilıv e rtin g a m p lifie r s h a r e s  so n te  ņ f th e ir c hır a c ıc rislit s u s  w e ll ł\ h a s h ig h in p ĵ ł
im p a ia n c e  a n d ıo w  o u tp u t imdaıce

,  
a n d th e  In p u t ın d o u ip u l s ıg n iııs  a rE  in  ph a s e  T h cT

m do r  điffe re n c e  is  ıh a t n o n in v e rtin B  a m p lifie r s  c a n  h m e  lıiť ıı \  o lıa ļıe  g a tn w łīe n a Ĺs
L ï n iï tc r  a n d s o u rc e  1b ııo  \ w rs  a ï r  lim iıe d  to  v o lta g e  9 iıin \ ņ f ¡lıg h ll! łc $ ļ  th a n  u n il)

H a

l ig 3 N n n q n \ c rıin g \ n ıp lirie r

S u m m in g  O p A m p  C ir c u it

T h e  im m in g  a m p lifie r c a n  b e  m o d ifie d  tn  u c c o m m o d a te  m u ıtip le  in p u t s ign a is  in
Figu re  4

R
,

N 飞

I iķ 4 : S u m m in g A m p ıifıe r

W ith th is c o n lig u ru ıio n th e  o u tp u t s ig n u l i\  th c  s u m  o f th e  tm  in p \n  \ ign a ls a n d
dđe rm in e d  by  th e  fo lıo w in ß e q u a tio n

R
, 

R
, 

(6 )

T he  a rn plifier  e a n  be  c x tc n d c d to  ßn y n u m b e r o f in p tits Fo r lh is r¢ņ s o n
,  
it c n n  b e  u s e d to

bu ild a  d iB ita l to a n a ıo g c o n v e rte r (D A C )

E q u ip m e n ts

V w ia b le  D e  p o w e r  s u ppıy
ı F u n c tiu n  g e n e ra to r

 D u a l - rac e  ug c i lıoıc o p e �

Į M 74 ] o p a m p  (o r t q u İv a ıc n t)

鼬 ◆ i E n D  i 》ł ım  to  m 《ī · m p u Ðļ¢s$ b h m  w ļ l \  ĥ  n n r ) m a & ? 1

：
だ
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P a rf ! In w r tin 8 A m p tıfıe p

爿

営

一
一

一

一

擴
生

。

一

一

一

一

吋

鬢

·

-

萨
じ

い

1 C o n s tr u c t th e  c irc u it sh o w n  in  F igu re  5 C o n n e c t a  500  H Ł ! V
r ?  

s in e  w w  Io  \b e
in p«ıt a n d  u s e  th e  e sc illo s c o pe  to  o bs e rv e tho  in pu t a n d o u tp m  signıł

10 k 63

v
一

ゴ ズ

Ĺr]T\
す 唏

F i* 5 : ï n  \ e n in g A m pıilie r

leasure th e  p e a k to pe a k v ,  ılu c s o r th e  in p u ı a n d 【lu ıp u t w a v c fo rm s A n d re c o rd
ıııc ir  \ a lu e s T h e n

, 
s k e tc h h o th w a  \ ų ıb n n s

U s e  Đ u r  re s u lts  fro m  S te p (2) to  c a lc u ıa te  ıhe  c lo s e d lĺ - p v o l[a g c  ga in  fb r th e
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w

P o w e r u p , 
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.
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in p u t u n d u s e th e o s c iııo s c o p e to n l,s c ıy c \h c  ın p ' ' " d . . ı p t, t 5 ..  ı,
9 RC ĵ t ste p s  12 ) a n d 13) fo r F ig u re  6
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. . C n lc u ıa te  th e  g a in  in  d B w h e re  d B  is  2 o  L  o g , : (J
R e c o rd y o u r  re s u lts  in  th e  T a b le  3 R e d u c e  the  a m pıitu d e  o f V
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a r o u n d fre q u e n c ie s  w h e re  th e  c h tın g e s o c c u r m o re  m p id ly in  e n te r tD  lin đ th c 3 d B
c o m e r  fre q u e n c ie s

P a r t 3 S u n u n in g A m p lifie r

ı2 C o n s tru c t th e  c irc u it s ho w n  in  F ig u re  7 N o te  lh \t th Ľ  s ig n a l geı1e ra to r is
s u pply in g bo th in p u ts  1o  th e  s u m m in g a m pıifie r
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v h ic h is rıp  a m p 2 N o te  th a i o p  ·

a m p l in  F igu re  7 is  in c lu d e d s im p ly ııs a  b u ffe r th a t is
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it is b e in g  u se d to  pro v id e

i$ o la Į io n  be tw e e n  th e  tw o  s u m m in B a m pıifie r in p u ts
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c a lc u la te d v a lu e 7 E x pıū in  th e  rc a w n s 10 r n n y s ig n iıic a n ı d iíli tr n e c  ba w c e n  th e s e
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ARer perfo rm ing this e x perim ent
, yo u sho uıd b¢ able tu

 C o ns truc t md  tes t co m p mt or ,
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nl egmotor  and dim  · rcn t iatı}r circul a.

 D e t ermi ne  the res pon s e of  these cl rcu i b Io vııf iou s  wi a \ c¢brmi ,�

SUAFA  fA R V O F  T ïŁE O R Y

A  linear applicąıtio n  o f ail o p am p H  thc  c o m pa rato r. . \ c o m  pa rn [o r is D c tn u rl u sed to

com pa re lu ņ  in put v o lta ge s a nd to  pïu  \ idc a D C o u tpu t that inđico tes w hich trl rh« 1 o

inpu ts is greate r, 
A  co m pa ra to r circu it is e sse n tially a v e ry high ga in u p a m p ha v in g a

Flu s ţ + \ an d a m in u s ( 1 in pu ıs The o u tpu t o f thc co m pa rato r is u lo gic le v e l tha t pro v idæ

an  indica tio n  o r w he n  thc plu s in pu t \ o ltage s is gre ate r tha n the m in u s in pu t o r u r hen  the

pıus inpu t is le ss than  \ he  m in u s in pu t A ıtho ugh an o p am p ca n hĽ u sed ıir this pu rpo se .

speciJd co m parato r IC s a re o \ nilablc  w hich a rc better su ited fo r the o pe rJ tio n

Figu re i sho w s aJ1 in \ e rtin g 74 1o p a m p u sed as a le v e l de tec to r ıra  l I D  is c o n n e c ted Eıl

the o uı 声し Ure in dica to r LED  go e s ıjn  w he n e v e r the in pu t V . . Go e l be ıo  \ w  nı an d go es

ofT w hen e v er V
, n  

go e s abo v e \!

.  í

Fl* ı C o m p】ın ılo r C irc u iı

In v ertins co m  pa rato r o u tpu t

There are  tw n  o ther n o n lin ea r circ u its that hav e app
licatio n in  w ıv efo rm  ge n e ra tio n  an d

sign al pro ce ssing thc  in tegra to r an d the difle re n tiato r A n integmtor prođu ces a n  o u tpu t

Oltãge that i5 pro po rLio n aı to the  in icgrol (su m ) ofl
hc in pu t v oıtaBe w Ħv efiìn n  o v eT tim e

.

1

A \im pıe m  rn(u r circ u it m  IJ+3 co n stru cıe4l as s
ho w n  in  FiBum  2 \łsing nn  o lm aio nıJ

aniplif,
, n resisto r an d a ca w ito r I\ c an  be  sho w n  that
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D i[fe re n tia to r c ir c u iı c a n  h c  c o n s Įru c ted a s sh o w n  u s in g 1 ł1 łtpe r a tim a \ m płitie r ,  
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ı  £sis to r
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JF E T  A m p [ilie r s

į

:  Į

:

) B JE C  H Y E S
\fte r pe rfo rm in g th is e x p e rim e n t

, y o u  sho u ıd b e  a ble  to
*  M e a su re  a n d gra ph th e  d ra in  c h a ra c te ristic  c u rv e s fo r a  ju n c tio n  fie ıd e ffe c t

tra n sisto r F E T  )
 M e a s u r e  S G

s t  · rr, a
n d ' D

s s  f
or  aJ FET .

 M e a s u r e  the  DC  an d  AC  pa r am e t er s for  se l Fb ias e d  co m m o n - o u r ce  an d  co m m o n -
dr a in  a m plifie rs

*  E x p la in  th e  d iffe re n c e s b e tw e e n  the  A C  o p e ra tin g c h a ra c te ris tic s o f typ ic a l
c o m m o n  s o u rc e  a n d c o m m o n e m itte r a m p lifie rs

*  T e st a  c o m m o n d ra in  a m p lifie r w ith c u rre n t s o u rc e  bia s in g

S U M M A R Y  O F  T H E O R Y

T h e  b ip o la r ju n c tio n  tra n sisto r (B JT ) u s e s b a s e  c u rre n t to  c o n tr o l c o lle c to r  c u rre n t U n lik e

th e  B JT
, 

th e  {ie ld e ffe c t tra n s is to r (F E T ) is  a  v o lta g e c o n tro lle d d e v ic e  th a t u s e s  a n

e le c tro sta tic  field to  c o n tro l c u r re n t T h e  F E T  b e g in s w ith a  d o p e d p ie c e  o f s ilic o n  c a lle d

a  c h a n n e l O n  o n e  e n d o f th e  c h a n n e l is a  te r m in a l c a lle d th e  s o u rc e  a n d o n  th e  o th e r  e n d

o f th e  c h a n n e l is a  te r m in a l c a lle d th e  d ra in C u rre n t in  th e  c h a n n e l is c o n tr o lle d b  a
v o lta g e  a pp lie d to  a  th ird te rm in a l c a lle d the  g a te

F ie ld e ffe c t tra n sisto r s a r e  c la s s ifie d a s e ith e r ju n c tio n g a te  F E T  ) o r  in s u la te d g a te

(IG F E T ) d e v ic e s T h e  JF E T  h a s a  re v e rs e b ia s e d d io d e  a t th e  g a te  w h e re a s th e  IG F E T

u s e s a  th in  gla s s in s u ıtin g la y e r S in c e  th e  g a te  c irc u it o r e ith e r ty pe  o f F E T  d ra w s a lm o st

n o  c u rr e n t
, 

th e  in p u t r e s ista n c e  is e x tre m e ly h igh B o th ty pe s  h a v e  s im ila r A C

c h a ra c te ristic s  b u t d iffe r in  b ia s in g m e th o d s

T he  ga te  o f a  JF E T  is  m a d e  o f th e  o p p o s ite  typ e  o f m a te ria ı th a n  th e  c h a n n e l
, 
fo rm in g a

P N  ju n c tio n  b e tw e e n  th e  g a te  a n d c h a n n e l A pp lic a tio n  o f a  re v e r s e b ia s  o n  th is  ju n c tio n

d e c re a s e s  th e  c o n d u c tiv ity o f th e  c h a n n e l
, 

re d u c in g th e  s o u rc e d ra in  c u rre n t T h e  g a te

dio d e  sh o u ıd n e v e r b e  fo rw a rd b ia s e d T h e  JF E T  c o m e s in  tw o  fo r m s
,  

n c h a n n e l a n d p

c h a n n e l T h e  n c h a n n e l is d is tin g u ish e d o n  d ra w in g s by a n  in w a rd a rro w  o n  th e  g a te

c o n n e c tio n  w h ile  th e  p c h a n n e l h a s  a n  o u tw a rd p o in tin g a rro w  o n  th e  g a te  a s  sh o w n  in

F igu re  1 A  typ ic a l JF E T  p a c k a g e  is  sh o w n  in  F ig u r e  1 (c )

F ig 1 : (a ) n C h a n n e ı JF P T

飞

牲

习

台

葛

く

妇

G a te  

c  

S o

(b ) p C h a n n e l JF F T  (ç ) T yp ic a ı JF E T  P a c k a g e
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T h e  c h a r a c te r istic  d r a in  c u rv e s  fo r  a  JF E T  e x h ibit s e v e r a ı im p o rta n t d iffe re n c e s  fro m  th e
B JT In  a dd itio n  to  th e  fa c t th a t th e  JF E T  is  a  v o lta g e c o n tro lle d d e v ic e

, 
th e  JF E T  is  a

n o rm a lly O N  d e v ic e In  o th e r  w o rd s
, a  r e v e rs e b ia s  v o lta g e  m u s t b e  a p p lie d to  th e  g a te

s o u rc e  P N  ju n c tio n  in  o rd e r  to  c lo s e  o ff th e  c h a n n e l a n d p r e v e n t d ra in s o u rc e  c u rre n t
W h e n  th e  g a te  is sh o r te d to  th e  s o u r c e

, 
th e re  is m a x im u m  a llo w a b le  d r a in s o u rc e  c u rre n t

T h is  c u rre n t is  c a lle d '
n s s 

fo r  D r a in S o u rc e  c u rre n t w ith g a te  s h o rte d A n o th e r

im p o rta n t d iffe r e n c e  is  th a t th e  JF E T  e x h ib its a  re gio n  o n  its c h a r a c te ris tic  c u rv e  w h e re

d r a in  c u rre n t is  p r o p o r tio n a l to  th e  d ra in s o u rc e  v o lta g e T h is re g io n
, 

c a lle d th e  o h m ic
r e g io n

, 
h a s im p o r ta n t a p p lic a tio n s  a s a  v o lta g e c o n tro lle d re s ista n c e

A  u s e fu l sp e c ific a tio n  fo r e stim a tin g th e  g a in  o f a  JF E T  is  c a lle d th e  tra n s c o n d u c ta n c e
,

w h ic h is  a b b re v ia te d  g
..

R e c a ll th a t c o n d u c ta n c e  is th e  re c ip ro c a l o f re s is ta n c e S in c e

the  o u tp u t c u r re n t is c o n tro lle d b y a n  in p u t v o lta g e
, 
it is u s e fu l to  th in k o f a n y F E T  a s  a

tra n s c o n d u c ta n c e  a m p lifie r T h e  tra n sc o n d u c ta n c e  c a n  b e  fo u n d b y d iv id in g a  s m a ll

c h a n ge  in  th e  o u tp u t c u rre n t b y a  s m a ll c h a n g e  in  th e  in p u t v o tta g e

g
。

-
스노 

비
A V

G S

A s y o u  k n o w
, 
b ia s is th e  a p p lic a tio n  o f D C  v o lta g e s to  s e t u p th e  p r o p e r q u ie s c e n t

c o n d itio n s  fo r  c irc u it o p e ra tio n A  s a tis tin c to ry b ia s  c  ; rc u it fo r a  F E T  d e p e n d s  o n  its  ty p e

W ith d e ple tio n m o d e  d e v ic e s
, 
w h ic h in c lu d e  a ll JF E T S  a n d s o m e  D M O S F E T S

, 
th e  g a te

m u st b e  re v e rs e  b ia s e d (o r z e r o  b ia s e d) w ith re s p e c t to  th e  s o u rc e T h e s e  d e v ic e s  a re

n o r m a lly o n th e y a re  turned o fF b y  a p p ly in g re v e r s e  b ia s  to  th e  g a te M o s t M O S F E T S

o p e ra te  a s  e n h a n c e m e n t m o d e  d e v ic e s  (a ll E M O S F E T S a n d s o m e  D M O S F E T S ) a n d

r e q u ir e  b ia s  to  tu r n  th e m  o n

V
D D

(a )
(b )

F ig 2  : (a ) S e lf B ia s (b) V o lta g e  D iv id e r  B ia s
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S e lf b ia s is th e  m o s t c o m m o n  ty p e  o f b ia s  fo r JF E T s  a n d is  illu s tr a te d in  F ig u re  2 (a ) T h edr a in  c u r re n t
,

'
D , 

is  in  th e  s o u rc e  re s isto r
, 

c re a tin g  a  v o lta g e  V
s 

=  ï 
D  
R

.  
a t th e  s o u rc e

te rm in a l S in c e  th e  g a te  is a t g ro u n d p o te n tia l (0 V ), 
th e  g a te s o u rc e  v o lta g e  m u s t h a v e

th e  s a m e  m a g n itu d e  b u t o p p o s ite  s ig n  to  th e  v o lta g e  d r o p a c r o s s R
, (by  K ir c hh o fFs

v o lta g e  ]a w ) F o r  a n  n c h a n n e l d e v ic e
, 

V
c s

- V
s

T his  p ro v id e s  th e  r e q u ire d re v e rs e
b ia s  o n  th e  g a te S e lf b ia s  te n d s to  c o m p e n s a te  fo r d iff e re n t d e v ic e  c h a ra c te ristic sb e tw e e n  v a rio u s  F E T s F o r e x a m p le , 

ir a  d e v ic e  w ith h ig h e r tra n s c o n d u c ta n c e  is  p u t in
th e  c irc u it

, 
th e  d ra in  c u Fre n t in c re a s e s a lo n g w ith th e  v o lta g e  d ro p a c ro s s R

s
T h is

in c re a s e d v o lta g e  te n d s to  b ia s th e  F E T  o lr
, 

c o m p e n s a tin g fo r th e  h ig h e r
tra n s c o n d u c ta n c e

A n  e v e n  m o r e  s ta b le  fo r m  o f b ia s c o m b in e s s e lf b ia s w ith v o lta g e d iv id e r b ia s a s
illu s tra te d in  F ig u re  2 (b) T h e  v o lta g e d iv id e r c o n n e c te d to  th e  g a te  b ia s e s th e  g a te  a t
s o m e  p o s itiv e  v o lta g e U n ıik e  b ip o la r tra n s is to rs

, 
th e  JF E T  d ra w s a lm o s t n o  in p u t c u rre n t

,

s o  th e  d iv id e r re s is to rs  c a n  b e  m u c h la rg e r T h e  s o u rc e  v o lta g e  m u s t s till b e  m o re  p o s itiv e
th a rı th e  g a te  in  o rd e r to  e s ta b lis l7 th e  p ro p e r g a te s o u rc e  re v e rs e  b ia s T o  a c c o m p lis h th is

,

th e  s o u rc e  r e s is to r  is  m a d e  la r g e  e n o u g h to  d e v e lo p a  p o s itiv e  v o lta g e  w ith r e s p e c t to  th e

g a te  (m u c h la rg e r  th a n  in  s e lf b ia s) T h e  n e t re s u lt is  th a t tra n s is to r  v a ria tio n s h a v e  le s s

e c t  o n  th e  o p e r a tin g p o in t tl7 a n  s e lf b ia s
, p r o d u c in g a  m o re  s ta b le  fo rm  o f b ia s in g T h e

d ra in  c u rre n t is fa irly  Į n d e p e n d e n t o f th e  tra n s is to r h o w e v e r
, 

th e  d ra in s o u r c e  v o lta g e

m u s t b e  la rg e  e n o u g h to  a s s u re  th a t th e  tra n s is to r  is  o p e r a tin g  in  th e  c o n s ta n t c u rre n t

re g io n

T h e re  a r e  s e v e r a l s im ila r itie s b e tw e e n  c o m m o n s o u rc e  (C S) a n d c o m m o n e m itte r (C E )
a m p lifie rs B o th p r o v id e  a  m e a s u ra b le  a m o u n t o f v o lta g e  g a in

, 
a n d b o th h a v e  a  180 °

v o lta g e  p h a s e  s h ift b e tw e e n  tľre ir  in p u t a n d o u tp u t s ig n a ls A t th e  s a m e  tim e
, 
h o w e v e r

,

th e y a ls o  h a v e  s e v e ra l d iffe r e n c e s

P e rh a p s  th e  b ig g e s t d iffe re n c e  is  th a t JF E T s a re  v o lta g e c o n tr o lle d d e v ic e s a n d B jT s  a re

c u rr e n t c o n tro lle d d e v ic e s A Js o
, 

t[7 e  C S a m p lifie r ty p ic a lly  h a s m u c h h ig h e r  in p u t

im p e d a n c e  th a n  th e  C E  a m p lifie r F in a lly , 
th e  v o lta g e  g a in  c a lc u la tio n  fo r a  C S  a m p lifie r

is  v e ry  d ifre r e n t fr o m  th a t o f a  C E  a m p lifie r

In  th is e x p e r im e n t
, y o u  w ill te s t A C  c o n fig u r a tio n s  o f JF E T  a m p [ilie r s

, 
b e g in n in g  w ith a

s e lf b ia s e d c o m m o n s o u rc e  a m p lifie r a s illu s tra te d in  F ig u re  3 (a ), 
th e n  a  s e lf b ia s e d

c o m m o n d ra in  a m p lifie r a s illu s tr a te d in  F ig u re  3 (b)

59
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V
h

,  
V h

(a ) (b)

F ig 3 : (a ) C o m m o n  S o u rc e  A m p lifie r (b) C o m m o n  D ra in  A m p lifie r

T h e  D C  b ia s  o f a  JF E T  is d e te r m in e d b y th e  d e v ic e  tra n s fe r  c h a ra c te ris tic  (V , 
a n d '

D s s  )

a n d th e  D C  s e lF b ia s  d e te rm in e d b y th e  s o u rc e  re s is to r T h e  A C  v o lta g e  g a in  a t th is D C

b ia s p o in t is th e n  d e p e n d e n t o n  th e  d e v ic e  p a ra m e te rs  ( g
.
) a n d c irc u it d ra in  re s is ta n c e

A C  V o ıta g e  G a in  T h e  v o lta g e  g a in  o f th e  a m p lifie r a s in  F ig u r e  1 is  c a lc u la te (

A
v  

=  
h  

= g
.  

R
D  Ľ g

.  
(R D  IR . ) ]

Y
.

w n e r e

A C  In p u t Im p e d a n c e  T h e  A C  in p u t im p e d a n c e  is

R
in

- R
.

V

A C  O u tp u t Im p e d a n c e  T h e  A C  o u tp u t im p e d a n c e  Is

R
.  u t 

=  R
D

E q u ip M E N T S

 V a r iab l e DC  po w e r  su p pl y�

 F u n c t ion  ge n e r a t or �

 D u a l - ra c e  os c ĺ llos c o p e�

 B r ea d b o a r d�

*  R e s i s to r s
, 
C a p a c ito r s

 2 N3 8 1 9A JFE T  Tr a n s i st or  (or  eq u i va l en t )�

(4)
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) R O C E D  U R E

pa rt I C u r r e n t V o lta g e  c h a r a c te ristic

1 M e a su re  a n d r e c o rd th e  v a lu e  o f the  re sisto rs liste d in  T a ble  1 R
, 
is u se d fo r

:
' " is fo rw a

F ig 4 : JF E T  C irc u it

2 C o n str u c t th e  c irc u it sh o w n  in  F igu re  4 S ta rt w ith V
c c  

a n d V
D D  

a t O V C o n n e c t a

v o ltm e te r b e tw e e n  th e  d r a in  a n d so u rc e K e e p V G G  
a t O V  a n d s lo w ly in c re a se  V

o o

u T ti\ V  
D s  

is  1 0 V ( V o s 
is th e  v o lta ge  be tw e e n  th e  tr a n s isto r

'

s d ra in  a n d s o u rc e )

3 W ith V
o s 

a t 1 0 V
, 

m e a s u re  th e  v o lta ge  a c ro s s R
, (V R z ) C o m p u te  th e  d ra in

c u r re n t
,
'
D , 

b y a pp ly in g O h m
'
s la w  to  R

z
N o te  th a t th e  c u rre n t in  R

, 
is th e  s a m e

a s  1
, 

fo r th e  tra n sisto r U se  th e  m e a su r e d v o lta g e
, 

V
R I , 

a n d th e  m e a s u r e d

re  si s  n  c  e
, 

R
2 , 

to  d e te rm in e  ı
D

E n te r th e  m e a s u re d v a lu e  o í V R  a n d the

c o m pu te d '
D  

in  T a b le  2 u n d e r th e  c o lu m n s la b e le d G a te  V o lta g e - O V

4 W ith o u t distu rb in g th e  s e ttin g o f V a o , 
s lo w ly in c re a s e  V

D D  
u n til V

n s 
is 2 0 V

T h e n  m e a s u re  a n d re c o rd V
n r 

fo r th is  s e ttin g C o m p u te  1
.  

A s b e fo re  a n d e n te r th e

m e a s u re d v o lta g e  a n d c o m p u te d c u rre n t in  T a b le  2 u n d e r th e  c o lu m n s la b e le d G a te

V o  \ ta ge - O V

G a te  V o lta ge

一 O V

G a te  V o lta g e

= 1 5 V

V
D S 

V
R 2 

ı
D  

V
R 2

'
D

(m e a s tıre d) (m e a s u re d) 1 (c o m p u te d) \ (m e a s u re d) Kc o m pu te d)

1 0 V  \ L
2 0 V  L
3 0 V  L
4 0 V  L
t a b le 2 D a ta  o f D rain  C h a Fa c te ristic s C u rv e s fo r JF E T  T r a n s isto r

R e sisto r L iste d M e a s u red

V a lu e  V a lu e

回回團
R
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R e p e a t s te p  (4) fo r e a c h v a lu e  o f V
D s  

ıiste d in  T a ble  2

A dju s t 
.  

Fo r 0 5 V T h is a p p lie s o 5 v  b e tw e e n  th e  g a te  a n d s o u rc e  be c a u s e
th e re  is  a ım o s t n o  g a te  c u r re n t in to  th e  JF E T  a n d a lm o s t n o  v o lta g e  d ro p  a c ro s sR

ı
R e s e t V

D D  
u n til V

D s  
=  I O V M e a s u re  v

R 2 
a n d c o m p u te '

D  
a s b e fo r e E n te r

th e  v a lu e s  in  T a b le  2 u n d e r  th e  c o lu m n s  la b e le d G a te  V o lta g e  = 0 5 V

W ith o u t c h a n g in g  th e  s e ttin g o F V
o ? , 

n dju s t V
.  

fo r e a c h v a lu e  o f V lis te d in
T a b le  2 a s b e ib re c o m p u te  th e  d ra in  c u rre n t

D D "
D s

a n d c u rre n t v a lu e s  in  T a b le  2 u n d e r th e  c o lu n 7n s  la be le d G a te  V o lta g e - 0 5 V

o ı e a c h s e ttin g  a n d e n te r  th e  v o lta g e

8 A dju s t V
c c  

fo r ı5 V R e p e a t s le p (7), 
e n te rin g th e  d a ta  in  th e  c o lu m n s  la b e le d

G a te  V o lta g e - ! O V

9 T h e  d a ta  in  T a ble  2 re p re s e n t fo u r d ra in  c h a ra c te ris tic  c u rv e s  fo r y o u r JF E T T h e
dra in  c h a ra c te ris tic  c u r v e  is  a  g ra ph o f v

o s 
v e rs u s J

D  
fo r a  c o n s ta n t g a te  v o lta g e

P lo t th e  fo u r d r a in  c h a ra c te ris tic  c u rv e s C h o o s e  a  s c a le  fo r '
D  

th a t a llo w s th e

la rg e st c u rre n t o b s e r v e d to  fit o n  th e  g ra p h L a b e l e a c h c u rv e  w ith th e  g a le  v o lta g e
it re p r e s e n ts

10 In  th is s te p y o u  w ill d e te rm in e  th e  v a lu e  o f V
G s (.  Rr )

S e t V
D D  

fo r + 12 V  a n d  
.

fo r O V M o n ito r  th e  v o lta g e  a c ro s s R
2 

a n d s lo w ıy  in c re a s e  th e  n e g a tiv e  g a te

v o lta g e W h e n  th e  v o lta g e  a c ro s s R
2 

re a c h e s z e ro
, 

n o te  th e  g a te  v o ıta g e R e c o rd

th is  v a lu e  a s  V
c s n  IT )

R e c o rd '
D s s 

fro m  re a d in g P ıo t o b ta in e d fro m  s te p (10)
T h e s e  a r e  th e  k e y  p a r a m e te rs  fo r  y o u r JF E T

lili

6 2
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C O m m o r ? P W æ A m p lifie r

1 M e a s u re  a n d re c o rd th e  re sista n c e  v a lu e  o f the  re s isto rs liste d in  T a ble  3

R
L  10 K W

T a b le 3 : V rılu e s o f U s e d R e sisto rs

fh o  IM rın 中

c o n stru c

R e sto re

F igu r e 5

a m p litu d

: t th e  c ir c u it sh o w n  in  F igu re  5
th e  in itia l s e ttin g s a n d lu m  o n  the  fu n c tio n  ge n e ra to r

S e t th e  s ign a l ge n e ra to r fo r 50 0 m v
pp 

s in e  w a v e  a t I O kı
3e  a n d fre q u e n c y w ith y o u r o s c illo s c o p e

ł P P  

.

F ig 5 : C o m m o n  S o u rc e  A m p lifie r

鳥

4  M e a s u re  th e  D C  v o ıta g e  a t th e  d ra in
, 
s o u rc e

, 
a n d ga te U s e  th e  s o u rc e  v o lta g e  a n d

s o u rc e  r e s ista n c e  to  c o m pu te '
D

E n te r th e  d a ta  in  T a b le  4 C o m p a re  th e  in p u t

a n d o u tp u t A C  v o lta ge  b y v ie w in g V in  
a n d V o u t s im u lta n e o u s ly o n  a  tw o c h a n n e l

o s c iılo s c o p e M e a s u re  th e  v o lta ge  g a in  a n d n o te  th e  p h a s e  d iff e re n c e  (0 o r 180 °)
be tw e e n  th e  in p u t a n d o u tp u t s ig n a ls R e c o rd th e s e  v a lu e s in  T a b le  4

G a te  v o lta g e
, 
v

c  

l

S o u rc e  V o lta g e
, 
V

s = e = g

D ra in  V o lta ge
, 
V

D ra in  C u rre n t
,
'
D

ın p u t V o lta g e
,
V

i。 ļ \ . 回国团团
1 o u tp  u  t v o lta ge

, 
v=ı

\ v o lta g e  G a in
, 
A

.  j  ıııı
Lp h  a s  e  D iffe re n c e  Il ıııı

T a b le 4 D a ta  fo r  C o m m o n  S o u Tc e  A m p lifie r

6 3

2 C o n stru c t th e  c ir c u it sh o w n  in  F igu re  5
3 R e sto re  th e  in itia l s e ttin g s  n n rl tıır n  m n

osama
Draft
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C o m m o !1 D ra in  Se1Biased JF E T  AmfĘfier

5 C h a n g e  th e  c irc u it to  th e  s e \F b ia s e d c o m m o n d ra in  c o n fisu ra tio n  a s  s h o w n  in

F igu re  6 T h e  d r a in  is c o n n e c te d d ire c tıy to  +  ] 5 V O b s e rv e  th e  in pu t a n d o u tpu t

A C  v o lta g e s  w ith th e  o s c illo sc o p e M e a s u re  th e  v o lta ge  g a in  a n d n o te  th e  ph a se

E n te r th e  d a ta  in  T a b le  5

Q

F ig 6 C o m m o n  D ra in  A m p lilie r

D c  &  A c  p a ra m e te rs  \m  V a lu e s A C  V a ıu e s

In p u t v o lta g e
, 
V

i.  
i r

T a b le 5 : D a la  fo r  C o m m o n  D ra in  S ei īB ia s Ã iiip im ti



Scanned by CamScanner

E V A L  U A T IO N  A N D  R E  V IE W  Q U E S T IO N S

1 (a ) E X P la in  h o w  to  fın d 1 
D s s 

fro m  th e  c h a ra c te ristic  c u rv e s  o f a  JF E T

2 L o o k u p th e  m e a n in g  o f p in c h o fF v o lta g e
, 

V
p , 

w h e n  v
a s

- O N o te  th a t th e

m a gn itu d e  o f V
c s  

is  e q u a l to  th e  m a g n itu d e  o f v
p 

s o  w e  c a n  u s e  th e

c h a r a c te r istic  c u Tv e  fo r  V
c s

- 0 to  d e te rm in e  V
p

U s in g th e  d a ta  fro m  th is
e x p e rim e n t

,  
d e te r m in e  th e  p in c h o ff v o lta g e  fo r y o u r JF E T

3 (a ) W h a t a d v a n ta g e  d o e s  a  c o m m o n d r a in  a m p lifie r  h a v e  c o m p a re d to  a

c o m m o n e m itt e r a m p lifie r?

W n a t d is a d v a n ta ge  d o e s a  c o m m o n d ra in  a m p liħe r h a v e  c o m p a r e d to  a

c o m m o n e m itte r a m  plifie r?

4   C o m p a r e  th e  c o m m o n s o u rc e  a n d c o m m o n  d ra in  a m p lilie rs  te s te d in  th is

e x p e rim e n t W h a t a re  th e  s ig n ific a n t d iffe re n c e s b e tw e e n  th e m ? W h a t th in g s d o

th e y h a v e  in  c o m m o n ?
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L a b S e s s io n  9

A ın p lifıe r  F r e q ıłe n c y  R e  \  o n s e

O B JE  C T IV E S

A fte r p e rfo r m in g th is  e x p e rim e n t
, y o u  s ho u ld b e  a b le  Io

C o m pu te  th e  th re e  lo w e r b re a k fre q u e n c ie s ıb r a  c E  a m p lifie r a n d u s e  th e m  to
c o m p u te  th e  o v e ra ll ¡o w e l  c ritic a l n c q u e n c y , !c L   

ı M e a su re  th e  o v e ra ıı lo w tte q u c n c y re s po n s e  o f th e  C E  a m p lifie r
*  M e a s u re  th e  p h a s e  diflrence b e tw e e n  the  in p u t a n d o u tp u t s ig n a ls a t th e  c ritic a l

fre q u e n c !'

 C o m p u t e t he  u p p e r  b r ea k  íreq u e n c i es  f or  a  C E  am p l ifier  a n d  the  o v e r al l u p p e r �

c ritic a l fr e q u e n c y F c u   

ı M e a s u re  th e  o v e ra ll u p p e r c ritic a l fre qu e n c y o F th e  C E  a m pıifie r

S u m m a ry  o ï  T h e o r p

T h e  fre q u e n c y r e s p o n s e  o f a n  a m p : ifie r is th e  v a ria tio n  in  th e  o u tp u t a s  th e  fr e q u e n c y  is

v a rie d T h e  a n a ly s is  o f th e  fr e q u e n c y  r e s p o n s e  o f a n  a m p lifie r c a n  b e  c o n s id e re d in  th re e

fre q u e n c y ra n g e s  : th e  İo w
, 

m id
, 

a n d h ig h ĺ re q u e n c y re g io n s In  U ì e  lo w fr e q u e n c y

re g io n  th e  c a p a c ito rs  u s e d to r D C  is o la tio n  (A C  c o u p lin g) a n d by p a s s  o p e r a tio n  a ffe c t th e

to w e r c u to fr (lo w e r  3 d B ) fr e q u e n c y ]n  th e  m id lre q u e n c y ra n g e  o n ly re s is tiv e  e le m e n ts

a fĺ e c t th e  g a in
,  
th e  g a in  r e m a in in g c o n s ta n t In  ilie  high lrc q u e n c y re g io n  o r o p e ra tio n

,

stra y w irin g c a p a c ita n c e s  a n d d e v ic e  in te r te rm in a l c a p a c ita n c e s  w ill d e te m rin e  th e

c irc u iť  s  u p p e r c u to fF fr e q u e n c y

m p m  L o w  F l u e n c y  R e s p o n s e  : ]f a  c a p a c ito r is in  s e r ie s w ith th e  s ig n a l p a th
,

a  high p a s s  fitte r  is  lo rm e d c a u s in g lo w  s ig n a l fre q u e n c ie s to  b e  a tte n u a te d a t th e  o u tp u t

T h e  in p u t a n d o u tp u t c o u p lin g c a p a c ito rs a re  e x a m p le s o f se rie s c a p a c ito rs In  p e r fo r m in g

th e ir in te n d e d jo b o r b lo c k in g  D C
, 
th e y a ls o  a tte n u a te  lo w  s ig n a l lre q u e n c ie s

,  
c a u s in g a n

A C  s ig n a l to  b e  d e v e lo p e d a c ro ss  th e m A ls o
, 

u  ph a s e  sh ift is in tro d u c e d b y th e  c o u p lin g

c a p a c ito rs  b e c a u s e  C
, 
forns a  le a d c irc u it w ilh R  ;.  

o f th e  a m p lifie r
, 
a n d C

, 
fo rm s  a  le a d

c irc u it w ith R
, 

a n d R
.  

a s  s h o w n  in  F ig u re  I

T he e ffe c t o f , e  c  o  u  p lin g c  a p a c  ito  rs i s  illu s tra le d i n  F ig u  re  l L o o k in g in to th e a m pıi【ie r
,

a s  iılu stra te d in  F ig u re  1 (a ), y o u  s e e  a n  e q u iv a le n t c a p a c ito r  in  s e r ie s  w ith th e  in p u t

re s ista n c e  o f th e  a m p lifie r
, 
fo r m in g  th e  h ig h p a s s  fiĺte r s ho w n  in  F ig u re  1 (b)

6 6
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vA  
in

◆

F ig 1 (b) In p u t H igh P a s s F iıte r

T h e  c u to fF fr e q u e n c y d u e  to  th e  in p u t c o u p lin g c a p a c ito r is

T h e  ph a s e  sh ift in tro d u c e d d u e  to  th e  in p u t c o u plin g c a p a c ito r is

o =  ta n
'Ĺ ) (2)

T h e  o u tpu t c o u p lin g c a p a c ito r  fo rm s  th e  s a m e  typ e  o f n e tw o rk T h e  c u to ff * e q u e n c y d u e

to  th e  o u tp u t c o u plin g c a p a c ito r is

f . . 

1 
H z  (3)

2 n  (R ,  
+ R

, ) C ,

T h e  ph a s e  sh ift in tr o d u c e d du e  to  th e  o u tp u t c o u pıin g c a p a c ito r is

e =  ta n
'Ĺ ) (4)

A n o th e r  R C  c irc u it th a t a ffe c ts  th e  lo w  fr e q u e n c y re s p o n s e  is  w h e n  a  p a r a ıle l b y p a s s

c a p a c ito r is  a c r o s s  th e  e m itte r re s isto r
, 
R

E
R e c a ll th a t th e  g a in  o f a  C E  a m p lifie r  is

d e te r m in e d b y  th e  ra tio  o f th e  A C  c o lle c to r re s is ta n c e  to  th e  A C  e m itte r  re s ista n c e W h e n

a  by p a s s c a p a c ito r is p la c e d a c r o s s R
E , 

th e  A C  re s ista n c e  in  th e  e m itte r c irc u it is m u c h

lo w e r  fo r  fre q u e n c ie s a b o v e  th e  c ritic a l * e q u e n c y ,  
c a u s in g th e  g a in  to  b e  h igh e r B e lo w

th e  c ritic a l fre q u e n c y , 
th e  b y p a s s  c a p a c ito r lo o k s  o pe n

, 
c a u s in g th e  g a in  o f th e  a m p lifie r

to  b e  re d u c e d T h e  c u to ff fre q u e n c y d u e  to  th e  e w ıitte r b yp a s s  c a p a c ito r  is

2 n 8
.  
C

2 

W h e re  : R .
- R

, \R , \R ,

L o w e r C u to fF (ıo w e r 3 d B ) F re q u e n c y E a c h c a p a c ito r  u s e d w ill r e s u lt in  a  lo w e r c u to ff

fre q u e n c y T h e  o v e r a ıl lo w e r c u to ff fr e q u e n c y a t th e  n e tw o rk is th e n  th e  la rg e st o f th e s e

lo w e r  c u to fF fre q u e n c ie s

6 7
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e r  F r e a u e n m i « e srm n s e  T h e  u pp e r * e q u e n c y  re sp o n s e  o f a n  a m p lifie ris ty p ic a lly c o n tro lle d b y th e  p a ra lle ı (sh u n t) c a p a c ita n c e s  th a t a re  internal c a p a c ita n c e sfo rm e d b e tw e e n  e a c h p a ir  o f te rm in a ls o f a  tra n s isto r C a p a c ita n c e  th a t is  in  p a ra lıe l w ith
th e  sig n a l p a th fo rm s  a  lo w  p a s s  fiıte r c a u s in g h igh e r s ig n a l fre q u e n c ie s to  b e  a tte n u a te d
a t th e  o u tp u t T h e  fre q u e n c y a t w hic h th e  in te m aı c a p a c ita n c e  b e c o m e s im p o rta n t isd e p e n d e n t o n  th e  c irc u it a n d th e  d e v ic e

, 
b u t it is  typ ic a lıy w e ll a b o v e  1 M H z T o  re d u c e

th e se  fre q u e n c ie s
, 

s o  th e y c a n  b e  m e a s u r e d m o re  a c c u ra te ly w e  w ill a d d a d d itio n a ı
c a p a c ita n c e  in  th is  e x p e rim e n t b e tw e e n  th e  v a rio u s le a d s o f th e  tra n s is to r
A  ty p ic a l tra n sisto r a m p lifie r

, 
sh o w in g th e  v a rio u s s h u n t c a p a c ita n c e s

, 
is  illu s tra te d inF igu re  2 (a ) A t h igh fre q u e n c ie s

, 
th e  c o u p lin g c a p a c ito rs h a v e  v e ry lo w  re a c ta n c e

, 
s o  th e yc a n  b e  ig n o re d (pıa c e d w ith sho rts) T h e  e q u iv a le n t h igh n e q u e n c y c irc u it is s h o w n  inF ig u re  2 (b) T h e  T h e v e n in  re s ista n c e  o f th e  g e n e ra to r is  p a rt o f th e  R C  n e tw o rk

, 
fo rm in gth e  lo w p a s s filte r N o tic e  th a t C

b .  
In  the  o rig in a l c irc u it is  s ho w n  a s tw o  M ille r

c a p a c ita n c e s
, 
C  

in  (M ill. . ) 
a n d C

. . . (M ill. .  

In  th e  e q u iv a le n t c irc u it

i'
c C

F ig 2  (a ) : T r a rıs isto r  A m pıifie r S h o w in g ľ nternal C a p a c ita n c e s

G e n e r a to r

F ig 2 (b) : E q u iv a le n t H igh F re q u e n c y  C irc u it

W e  c a n  fin d th e  u p p e r c u to ff fr e q u e n c y by tra c in g th e  d is c h a rg e  p a th fo r th e  c a p a c ito r s
O n  the  in p u t s id e

, 
th e  e q u iv a le n t c a p a c ita n c e  is  C  

c q (i.
- C

b c  
+  C

i.  [M  i ı I. .  

W h e re  C
jn (M ilte ,,

- C
.  

l +  A
,  I) T h e s e  c a p a c ito rs  c a n  d is c h a rg e  th ro u gh th e  p a ra lle l

c o m b in a tio n  c o n s is tin g  o f R
e q [in ,

- (R , 1IR , ) II R , II (P F
.  

a s  s h o w n  in  th e  e q u iv a le n t
c irc u it T h e  c u to fF fie q u e n c y  fo r th e  in p u t c ir c u it c a n  b e  fū u n d fr o m  th e  e q u a tio n

f..
-

2 7t R
, 

1 

C
, 

(6)
° q (in  ) e q ([n  )

B e c a u s e  th e  o u tp u t v o lta g e  o f a  h ig h * e q u e n c y  in p u t R C  c irc u it is a c ro s s th e
6 8



Scanned by CamScanner

c a pa c ito r
, 
th e  o u tp u t o f th e  c irc u it la g s  th e  in p u t T he  ph a s e  a n gle  is  e x p r e s s e d a s

A t o u tpu t c o n n e c tio n  o f th e  c irc u it
, 
th e  c u to ff fre q u e n c y c a n  b e  fo u n d a s

H ° 
2 n  R

, 

C

T h e  p h a s e  s h ift in tro d u E e d b y  th e  o u tp u t R C  c ir c u it i5

, =  ta n
'ĹH ) (夕)

T h e  m o st im p o rta n t p a ra m e te r  fo r h igh fr e q u e n c y a n a ly s is w ith in v e rtin g a m p liíie r s  is  th e

M ille r c a p a c ita n c e O th e r in te r n a l c h a r a c te ris tic s (s u c h a s  v a ry in g  Þ, 
internal b a s e

r e s is ta n c e
, 

a n d s tr a y  c a p a c ita n c e ) a ls o  a ffe c t th e  r e s p o n s e
, 

s o  th e  c a lc u la te d  c u to ff

fre q u e n cy  m a y d iff e r fr o m  th e  m e a s u re d o n e

U p p e r C u to fF (u p p e r  3 d B ) F re q u e n c y  : E a c h o f th e  tw o  c a p a c ita n c e s u s e d w ill re s u lt in  a n

u p p e r c u to ff fr e q u e n c y T h e  o v e ra ll u p p e r c u to fF íre q u e n c y  a t th e  n e tw  o rk  is  th e n  th e

lo w e r o f th e  tw o  c ritic a l h ig h fr e q u e n c ie s

69
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5 In  th e  s a m e  m a n n e r a s  in  s te p (4 ), y o u  c a n  tra c e  th e  c h a rg e /d is c h a rg e  p a th fo r C
,

a n d C
3

F o r C
2 , 

R  
E 

is  in  p a ra lle ı w ith th e  c a p a c ito r
, 

a n d th e  c o m b in a tio n

c o n s is tin g o r F
,  

a n d th e  re fle c te d re s is ta n c e  o f th e  ba s e  c irc u it (T h e  r e fle c te d

re s ista n c e  o f th e  b a s e  c irc u it is  o n ly 4 o h m  to  6 o h m  b e c a u s e  it is d iv id e d by P to
m o v e  it to  th e  e m itte r  c irc u it) N o te  th a t fo r C

3 , 
th e  c o lle c to r re s is ta n c e  a pp e a rs  to

b e  in  s e r ie s  w ith th e  lo a d re s is ta n c e C o m p u te  th e  e q u iv a le n t re s is ta n c e  s e e n  b y

C
, 

a n d C
3

E n te r  th e  c o m p u te d v a lu e s  in  T a bıe  3

C o m p u te  th e  c ritic a l fr e q u e n c y fo r e a c h c a p a c ito r  (C . . 
C

z , 
a n d C

, ) U s e  E q (1),

E q (3) a n d E q (5) fr o m  th e  S u m m a ry o f T h e o ry U s e  th e  q  fr o m  T a b le  3 fo r e a c h

c a p a c ito r E n te r th e  c o m p u te d c r itic a l fr e q u e n c y fo r e a c h c a p a c ito r in  T a b te  3

T h e  o v e r a ll to w e r c u to ff fr e q u e n c y a t th e  n e tw o rk is  th e n  th e  ıa rg e s t o f th e s e

lo w e r  c u to ff fre q u e n c ie s

.  

i >

M e a s u re  th e  o v e r a ll lo w e r  c r itic a l fr e q u e n c y o f th e  a m p lifie r O b s e rv e  th e  o u tp u t

sign a l in  m id b a n d (a r o u n d 10 K H z ) a n d a dju s t th e  s ig n a l fo r 5 0 v e rtic a l d iv is io n s

o n  th e  O s c S c re e n T h e  o u tp u t s h o u ld a p p e a r u n d is to r te d R e d u c e  th e  g e n e r a to r

fr e q u e n c y u n tiı th e  o u tp u t fa lls to  7 0 7 %  (a p p r o x im a te ly  3 5 d iv is io n s) o f th e

v o lta g e  in  m id b a n d T h is fr e q u e n c y is th e  lo w  c ritic a l Ř e q u e n c y o f th e  a m p lifie r

M e a s u r e  a n d R e c o rd th is  v a lu e

M a in ta in in g th e  in p u t v o lta g e  a t th e  le v e l s e t a b o v e
, 

v a ry th e  fre q u e n c y  a n d

m e a s u r e  a n d re c o rd V o u t to  c o m p le te  T a b le  4

F r e q u e n c y  V
jn  h   ·  I 

d B  

P h a s e

(H z ) ( d B  
S h iū

T a b le 4 V o lta g e  G a in  v s re q u g n c y
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p a r t 2 A m p tifıe r  H ig h  F r e q u e n c y  R e sp o n s e

9 C o m p u te  th e  D C  a n d A C  p a r a m e te r s  fo r th e  C E  a m o lifie r  sh o w n  in  F ig u re  4 T h e

10 C o n s tm c t th e  a m p lifie r  s h o w n  in  F ig u re  4 M e a s u re  a n d re c o rd th e  p a r a m e te rs

liste d in  T a b le  5 (in  th e  o p e n  b o x e s) a n d c o n fĵrm  y o u r c a lc u la tio n s R e c h e c k y o u r

w  o rk  if th e  c a lc u la te d a n d m e a s u re d v a lu e s d iffe r  s ig n ifi c a n tly

1 1 In  th is  s te p , 
a n d in  s te p s ( 12) a n d (13), y o u  w ill c o m p u te  th e  u p p e r c ritic a l

fr e q u e n c y d u e  to  th e  in p u t n e tw o rk F ir s t
, 

d e te r m in e  th e  e q u iv a le n t in p u t

c a p a c ita n c e
,  
C i. . 

A s illu s tr a te d in  F ig u re  2 A s s u m e  C be  
is e q u a l to  C

6 
s in c e  th e

a d d e d c a p a c ito r is  m u c h la rg e r th a n  th e  a c tu a l b a s e e m itte r c a p a c ita n c e T h is

c a p a c ita n c e  is  in  p a r a lle l w ith C
jn [M ill-

T h e  in p u t c a p a c ita n c e  is fo u n d fr o m

C  
e q (i. )

- C  
b e  

+  C
in  (M ille r)

(U s e  a b s o lu te  v a lu e  o f g a in )

T h e  b a s e c o lle c to r  c a p a c ita n c e
, 
C bc , 

is  re p re s e n te d by C
4

ın  a  s m a ll s ig n a l

tr a n s isto r s u c h a s  th e  2 N 3 9 0 4
, 
th is c a p a c ita n c e  is s m a ll (3 p F  to  5 p F ) T h e  a d d e d

10 0 p F  c a p a c ita n c e  in  p a ra lle l is  s u ffic ie n tly la rg e  th a t y o u  c a n  ig n o re  th e  a c tu a ı

in te rn a l c a p a c ita n c e  o f th e  tr a n s is to r R e c o rd th e  in p u t c a p a c ita r】c e  o n  th e  fir st lin e

(S te p 1 1) o f T a b le  6

7 2
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V
C C  * + 15 V

F ig 4 : M e a s u re m e n t o f H ig h F re q u e n c y  R e s p o n s e

14 ï n  th is  ste p , 
a n d in  ste p s  (15) a n d (16), y o u  w ill c o m p u te  th e  u p p e r c r itic a l

tre q u e n c y d u e  to  th e  o u tp u t n e tw o rk S ta rt b y fin d in g th e  e q u iv a le n t o u tp u t

c a p a c ita n c e
, 
C

cq (= u , 
a s illu s tr a te d in  F ig u r e  2 A s s u m e  C . .  

Is e q u a l to  C
, 

s in c e  th e

a dd e d c a p a c ito r is  m u c h la rg e r th a n  th e  a c tu a l c o lle c to r e m itte r c a p a c ita n c e T h is

c a p a c ita n c e  is  in  p a ra lle l w ith th e  o u tp u t M ille r c a p a c ita n c e T h e  to ta l o u tp u t

c a p a c ita n c e
, 
C

.  q h  u \) , 
is  fo u n d fro m

R e c o rd  th e  o u tp u t c a p a c ita n c e  in  T a b le  6

15 C o m p u te  th e  e q u iv a le n t r e s is ta n c e
, 
R

. . 
s e e n  b y C

e q t. .  · I) , 
S in c e  lh e  rmnsìstor

re p re s e n ts  a  c u r re n t s o u rc e
, 

th e  c a p a c ito r c h a r Be /d is c h a rBe  p ııth is  o n ly

th to u gh R .  \ \ R .  
E n te r th e  c o m p u te d v a lu e  in  T a b le  6

73
, 

F
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16 C o m p u te  th e  u pp e r c ritic a l fr e q u e n c y  d u e  to  th e  o u tp u t n e tw o rk
, f H o

E n te r  th e

c o m p u te d v a lu e  in  T a ble  6

17 T h e  o v e r a ll u p p e r  c ritic a l fre q u e n c y o f th e  a m p lifie r  w ill b e  th e  lo w e r o f th e  tw o

c ritic a l h igh fr e q u e n c ie s E n te r th e  c o m p u te d o v e r a ll u p p e r fr e q u e n c y , f c u ,  
in

T a bıe  6 T h e n
,  
o b s e rv e  th e  o u tp u t s ign a l in  m id b a n d (a b o u t 1 kH z ) a n d a dju s t th e

s ign a l fo r  5 0 v e rtic a l d iv is io n s  o n  th e  s c o p e  fa c e T h e  o u tp u t s h o u ld a p p e a r

u n dis to r te d In c re a s e  th e  g e n e r a to r fre q u e n c y u n til th e  o u tp u t fa lls  to  7 0 7 %

(a pp r o x im a te ly 3 5 d iv is io n s) o f th e  v o lta ge  o b s e r v e d in  m id b a n d T h is  fr e q u e n c y

is  th e  u p p e r c ritic a l fre q u e n c y , f c u
M e a s u re  a n d r e c o rd th is  fre q u e n c y in  T a bıe  6

18 A p p \ y a n  in p u t tln a t p r o v id e s u n d isto rte d o u tp u t v o ıta g e  a n d c o m p le te  T a bıe  7
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T a b le 7 V o lta g e  G a in  v s  F re q u e n c y

19 U sin g  th e  s e m i lo g p a p e r
, p lo t th e  g a in  v e rs u s fre q u e n c y o v e r th e  fu ll fr e q u e n c y

r a n g e  o b ta in e d  fr o m  ste p s  (8) a n d (18) Ħo t th e  a c tu a l p o in ts  a n d c o n n e c t to

o b ta in  th e  a c tu a l plo t U s e  stra igh t lin e  a p p ro x im a tio n  c u Tv e s  to  o bta in  th e  B o d e

p lo t

哏
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E V A L U A T IO N  A N D  R E  V IE W  q U E S T IO N S

1 T h e  c ritic a l fr e q u e n c y o c c u r s a t th e  fr e q u e n c y a t w h ic h th e  o u tp u t v o lta g e  d ro p s

to  7 0 7%  o f th e  m idb a n d v o lta g e P ro v e  th a t th is  is  a ls o  th e  h a lf p o w e r fr e q u e n c y

2 A s s u m e  c a p a c ito r  C
, 

w a s  o p e n H o w  w o u ld th is  a ffe c t

(a ) T h e  g a in  o f th e  a m p lifie r?

T h e  lo w  c ritic a l fre q u e n c y o f th e  a m plifie r?

(c) T h e  h igh c ritic a l fre q u e n c y o F th e  a m p lifie r?

3 A s s u m e  th e  m e a s u r e d īo w e r c u to ff fr e q u e n c y w a s  m u c h h igh e r th a n  it sh o u ld b e

b u t o th e r  p a ra m e te rs  (A C  a n d D C ) w e re  n o r m a l Y o u  a s s u m e  o n e  o f th e

c a p a c ito r s  is  th e  w ro n g  s iz e H o w  c o u ld y o u  u s e  a n o th e r  c a p a c ito r to  q u ic k ly

is o la te  w h ic h  c a p a c ito r w a s  in c o rre c t?

4 A s su m e  th e  a m p lifie r  sln o w n  in  F ig u re  4 c o n ta in e d a n  u n b y p a s s e d 10 o h m  re s is to r

in  th e  e m itte r  c ir c u it W h a t e ffe c t d o e s th is  h a v e  o n  th e

(a ) G a in ?

(b) M ille r c a p a c ita n c e ?

U p p e r c ritic a l fr e q u e n c y ?

C o n sid e r th e  th re e  c a p a c ito rs th a t w e re  p la c e d b e tw e e n  th e  tra n s isto r le a d s

(C 4 , 
C

s , 
a n d C

,) W h ic h h a d th e  g r e a te st e ffe c t o n  th e  u p p e r c ritic a l fre q u e n c y ?

E x p la in  y o u r a n s w e r
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