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Abstract—This paper present the analysis of pipeline analog-to-
digital converter (ADC ) with different architecture of sample and 
hold circuits. W e focused on the comparison of the 1-bit pipeline 
A D C performances in term of speed and power using double 
buffer and double sampling sample and hold (S/H) architectures. 
S/H circuit is the most power hungry block that plays a crucial 
role in pipeline ADC. An appropriate and precise S//H circuit is 
needed in order to optimize the power dissipation of pipeline 
A D C without affecting its performances. This pipeline A D C was 
designed and implemented using C M O S 0.18pm technology with 
1.8V supply voltage in Silvaco EDA tool. Double sampling S/H is 
suitable for pipeline A D C since it consume less power and faster 
than double buffer S/H at low clock period. 

Keywords-analog digital converter; double buffer sample and 
bold; double samplings sample and bold. 

I. INTRODUCTION 

T h e b a s i c f u n c t i o n o f a n a l o g - t o - d i g i t a l c o n v e r t e r ( A D C ) is 
t o c o n v e r t t h e a n a l o g s i g n a l t o d ig i t a l s i g n a l . M o s t o f t h e s i g n a l 
in rea l w o r l d is an a n a l o g s i g n a l t h u s t h e s e s i g n a l s n e e d t o b e 
c o n v e r t e d in to d ig i t a l s i g n a l s s o t ha t it c a n b e r e a d , u n d e r s t a n d 
a n d m a n i p u l a t e d b y m i c r o p r o c e s s o r . 

p i p e l i n e A D C h a s t h e h i g h e s t s a m p l i n g ra te t h a n t h e o t h e r 
A D C a r c h i t e c t u r e s b u t h a s t he w e a k n e s s in t e r m o f s m a l l e s t 
r e s o l u t i o n b e t w e e n 8 t o 16 b i t s . T h u s , p i p e l i n e A D C is s u i t a b l e 
f o r h i g h s p e e d a p p l i c a t i o n s i n c l u d i n g d a t a c o m m u n i c a t i o n a n d 
i m a g e s igna l p r o c e s s i n g [8]. 

T h e i n c r e a s e i m p o r t a n c e o f A D C h a s d r i v e n t h e d e m a n d f o r 
l ow p o w e r a n d h i g h s p e e d A D C . T h e r e q u i r e m e n t o f h i g h 
s p e e d , l ow d i s t o r t i o n a n d l o w n o i s e in p r o c e s s i n g o f a n a l o g 
s i g n a l o f t e n t r a n s l a t e in to p o o r p o w e r e f f i c i e n c y a n d l i m i t e d 
t h r o u g h p u t [ I ] . P i p e l i n e A D C f a c e d w i t h a s u b t l e i s s u e r e l a t i n g 
t o m o s t C M O S p i p e l i n e d A D C s p e r f o r m a n c e at l o w s a m p l i n g 
ra tes . T h e l o w s a m p l i n g r a t e s wi l l c a u s e t h e e x t e n s i o n o f t h e 
h o l d t i m e s w h e r e e x c e s s i v e d r o o p c a n c a u s e e r r o r s in d a t a 
c o n v e r s i o n [7] . 

B y c o n s i d e r i n g t h e s i g n a l c o n v e r t i n g o p e r a t i o n , S / H c i rcu i t 
is t h e m o s t i m p o r t a n t b l o c k in p i p e l i n e A D C b e c a u s e t h e 
s a m p l i n g f r e q u e n c y f o r S / H c i r cu i t is r e p r e s e n t s t h e s p e e d o f 
t h e c o n v e r t e r . T y p i c a l l y t h e S / H c i rcu i t in a p i p e l i n e A D C is 
t h e m o s t p o w e r - h u n g r y b l o c k d u e t o its h igh p e r f o r m a n c e 
r e q u i r e m e n t [2], T h u s , an a p p r o p r i a t e S /H c i rcu i t is n e e d e d t o 
i m p l e m e n t t h e p i p e l i n e A D C in o r d e r t o o p t i m i z e its p o w e r 
w h i l e m a i n t a i n i n g its s p e e d . 

M o s t o f p i p e l i n e d A D C s i n c l u d e a s a m p l e - a n d - h o l d ( S / H ) 
c i r c u i t at t h e f r o n t - e n d b e c a u s e t h e p e r f o r m a n c e o f S / H c i rcu i t 
is c r i t ica l t o t h e o v e r a l l A D C d y n a m i c p e r f o r m a n c e [2] . 
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Figure 1 ADC architectures, applications, resolution, and 
sampling rates cited from [7|. 

T h e r e a r e s e v e r a l t y p e s o f A D C s u c h a s F l a s h A D C . 
S u c c e s s i v e - a p p r o x i m a t i o n - r e g i s t e r ( S A R ) A D C . S i g m a D e l t a 
A D C a n d p i p e l i n e A D C . S e l e c t i n g t h e p r o p e r A D C s h o u l d b e 
d o n e by c o n s i d e r i n g t h e p a r t i c u l a r a p p l i c a t i o n . B a s e d o n Fig . I 
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Figure 2. Block diagram of a pipeline ADC cited from [3], 

F ig . 2 is t h e b l o c k d i a g r a m o f a p i p e l i n e A D C . It c o n s i s t s t he 
b l o c k o f S / H . c o m p a r a t o r , a d d e r , g a i n 2 a m p l i f i e r a n d s w i t c h . 
T h e o u t p u t o f c o m p a r a t o r is t h e d ig i t a l o u t p u t o f n -b i t a n d t h e 
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o u t p u t o f g a i n 2 a m p l i f i e r wi l l b e c o m e t h e input s igna l o f next 
s t a t e o f p i p e l i n e A D C . 

T h i s p a p e r p r e s e n t t h e c o m p a r i s o n o f 1 bit p i p e l i n e A D C in 
t e r m o f its s p e e d a n d p o w e r u s i n g t w o d i f f e r e n t b l o c k o f S / H , 
w h i c h is d o u b l e b u f f e r a n d d o u b l e s a m p l i n g s a m p l e a n d ho ld 
( S / H ) . 

A. Double buffer S/H architecture 

Figure 3. Double buf fer S/H circuit cited from 1111. 

Fig . 3 is t h e c i r cu i t o f d o u b l e b u f f e r S / H a r c h i t e c t u r e tha t 
c o n s i s t s o f t w o b u f f e r s , a s w i t c h a n d a c a p a c i t o r . 

D u r i n g s a m p l e m o d e t h e s w i t c h is c l o s e d a n d t h e v o l t a g e 
o n t h e c a p a c i t o r t r a c k s t h e inpu t s i g n a l . W h i l e d u r i n g t h e ho ld 
m o d e s w i t c h is o p e n e d a n d t h e inpu t v o l t a g e level a t t h e 
o p e n i n g sw i tch wi l l b e h e l d by c a p a c i t o r [9] , 

T h e s t ab i l i t y o f t h i s a r c h i t e c t u r e d e t e r m i n e b y t h e s t ab i l i t y 
o f t h e o p - a m p . If t h e o p - a m p o f f s e t u sed t o i m p l e m e n t t h i s 
b l o c k is l a rge , t h e n t h e a c c u r a c y o f th i s b l o c k wil l b e a f f e c t e d 
[11]. 

B Double sampling, S/H architecture 

o 

0 / 

Figure 4. Doubled sampled sample and hold circuit cited f rom [9] 

Fig . 4 is t h e c i rcu i t o f d o u b l e s a m p l i n g S /H a r c h i t e c t u r e . 
T h i s a r c h i t e c t u r e c o n s i s t s o f an o p - a m p , 2 c a p a c i t o r s , a n d 8 
s w i t c h e s . It h a s t w o pa ra l l e l s a m p l i n g c i r c u i t s tha t c o n t r o l l e d 
b y o p p o s i t e c l o c k p h a s e . 

T h i s a r c h i t e c t u r e p r o v i d e t w i c e s a m p l i n g ra t e and a l s o 
s u i t a b l e f o r h igh s p e e d a p p l i c a t i o n but m a y resu l t in t i m i n g 
m i s m a t c h b e t w e e n t h e s e t w o s igna l [9], 

11. M E T H O D O L O G Y 

A. Flow chart 

Figure 5. Project design flow chart 

B a s e d o n Fig. 5, t h e p r o j e c t d e s i g n f l o w s ta r t s w i th t h e 
d e s i g n s p e c i f i c a t i o n s o f p i p e l i n e A D C . T h i s p i p e l i n e A D C h a s 
s u p p l y v o l t a g e Of 1.8V that i m p l e m e n t e d u s i n g 0 . 1 8 u m 
t e c h n o l o g y a n d p r o d u c e I bit o u t p u t . In d e f i n i n g t h e 
a r c h i t e c t u r e , t h e d o u b l e s a m p l i n g a n d d o u b l e b u f f e r S /H 
c i r c u i t s w a s u s e d w h i l e the o t h e r b l o c k s a r e t h e s a m e fo r bo th 
c o m p l e t e p i p e l i n e A D C s . F o r c i rcu i t d e s i g n s t age , the ra t io o f 
p m o s to n m o s w a s 3 .5 . T h i s r a t io w a s c h o s e b a s e d o n t h e 
inve r t e r v o l t a g e t r a n s f e r c u r v e . E a c h b l o c k w a s i m p l e m e n t e d in 
S i l v a c o E D A tool and t h e a n a l y s i s w a s d o n e w h e t h e r in ac . d c 
o r t r an s i en t in o r d e r to v e r i f y t h e b e h a v i o r o f t h e s e b l o c k s . 
A f t e r t h e v e r i f i c a t i o n w a s c o m p l e t e d , e a c h b l o c k w a s c o m b i n e d 
to m a k e a c o m p l e t e s y s t e m o f a p i p e l i n e A D C . T h e c o m p l e t e 
s y s t e m o f p i p e l i n e A D C w a s s i m u l a t e d in o r d e r t o v e r i f y its 
b e h a v i o r . If t h e c o m p l e t e s y s t e m is fa i l , t h e f l o w wil l b e star t 
a g a i n at d e s i g n i n g t h e c i rcu i t . 
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B. 1 bit pipeline ADC 

Analog input 
i Sample and ho<d Adder Gam 2 amplifier V o u l 

w a s con t ro l l ed by the c lock . W h e n c lock is h igh , the swi tch 
wil l be on a n d the ou tpu t is equa l to the input vo l t age w h i l e at 
the s a m e t i m e the capac i to r is c h a r g i n g to t he potent ia l o f input 
vo l t age . A s the c lock c h a n g e from high to low. the swi tch will 
be tu rn o f f and the ou tpu t potent ia l will be s a m e as t he 
po ten t ia l hold by capac i to r . 

. Switch 

Comparator 

Dn 

Figure 6. 

Select input 

Schemat ic I hit pipeline A D C 

Fig. 6 s h o w s the s c h e m a t i c o f 1 bit p ipe l ine A D C that 
c o m p r i s e s o f S /H , c o m p a r a t o r , swi t ch , a d d e r , and gain 2 
a m p l i f i e r b lock . I -bi t p ipe l ine A D C r e c e i v e s c lock , a n a l o g 
s igna l a n d V r e f / 2 as its inpu t s a n d p r o d u c e s o n e digi ta l bit ( D n ) 
a n d ou tpu t vo l t age (Vou t ) . Dn is t he digi ta l bit o f the cur ren t 
s t a t e and Vou t of the cu r r en t s ta te will be t he input o f S /H o f 
the nex t s tate . S ince , o n l y 1-bit p ipe l ine A D C w a s 
i m p l e m e n t e d , Vou t is not c o n n e c t e d to any th ing . T h e S /H 
b l o c k r ece ived the a n a l o g s ignal a n d c l o c k p u l s e as its inputs . 
T h e ou tpu t o f S /H sent to the pos i t i ve input ( V p ) of c o m p a r a t o r 
a n d V p o f the adde r . T h e S /H b l o c k will w a i t i n g for t he c lock 
in o r d e r to p e r f o r m s a m p l e at pos i t i ve c lock e d g e then it will 
ho ld that va lue unti l the next pos i t i ve c lock edge . 

T h e c o m p a r a t o r r e c e i v e s its input f r o m the ou tpu t o f S /H 
a n d c o m p a r e s it w i th v a l u e V r e f / 2 . In th is case , the va lue o f 
V r e f / 2 is 0 . 9 V . If the ou tpu t o f S / H is larger than 0 . 9 V . then the 
o u t p u t c o m p a r a t o r is o n e a n d if not , the ou tpu t o f c o m p a r a t o r is 
ze ro . T h e n , t he swi t ch will r e c e i v e its input f r o m V r e f / 2 and the 
o t h e r inpu t o f swi t ch is ze ro . Dn will be the se lec t input o f the 
s w i t c h tha t wil l c h o o s e z e r o or V r e f / 2 . T h e ou tpu t o f swi tch 
d e p e n d s o n the v a l u e o f Dn . If Dn ze ro , ou tpu t swi t ch is ze ro , if 
D n is 1.8V the o u t p u t o f swi t ch is 0 . 9 V . T h e n th is A D C will 
p e r f o r m sub t r ac t i on o f the o u t p u t o f S /H to the ou tpu t o f swi t ch 
a n d a m p l i f y the held s ignal by 2. 

/. S/H Nock 

a. Double buffer S/H 
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Figure 8. Schemat ic Two stage op-amp 

Fig. 8 is t he s c h e m a t i c o f t w o s t age o p - a m p that w a s used 
ins ide the d o u b l e b u f f e r S /H b lock and o the r s b l o c k excep t 
c o m p a r a t o r and swi tch b locks . T h e first s t age o f o p - a m p is a 
d i f f e ren t i a l a m p l i f i e r that c o n v e r t s the d i f fe ren t i a l input 
v o l t a g e s to d i f fe ren t ia l cur ren ts . T h e s e d i f fe ren t i a l cu r r en t s are 
s e n d i n g to the c u r r e n t - m i r r o r load and b e c o m e the input 
v o l t a g e for the s econd s tage of o p - a m p . T h e s econd s tage wil l 
conve r t the s econd s tage input vo l t age to cur ren t and pas s t o 
the cur ren t s ink load in o rde r t o conve r t the cur ren t to vo l t age 
at the ou tpu t [13]. 

b. Double sampling S/H 

S2 S 
r t* 

81. 

S$' >. i t . 
• s r ; ' V 

S4- n 

S5" 

S8' r* S3; ; 7 

1 : ' 

Figure 7. Schemat ic double but te r ADC 

Fig. 7 is the s c h e m a t i c o f d o u b l e b u f f e r S/'H that used I p F o f 
ho ld capac i to r . A t r a n s m i s s i o n g a t e w a s used as swi t ch , w h i c h 

Figure 9. Schemat ic double butter ADC 

Fig. 9 is the s c h e m a t i c o f d o u b l e s a m p l e d S/H cons i s t s o f an 
o p - a m p . t w o capac i to r s . 8 s w i t c h e s a n d an in' erter . A g a i n , the 
inver te r w a s used to control the g a t e o f t r ans i s to r s of swi t ches . 
S w i t c h e s S5 to S8 h a v e o p p o s i t e c lock t han the c lock p h a s e o f 
s w i t c h e s S I ' - S 4 \ D u r i n g s a m p l e m o d e , s w i t c h e s SI to S4 a re 
tu rn on . Swi t ch S 4 ' and S 8 ' w e r e i m p l e m e n t e d use s ing le p m o s 
s ince they w e r e used to m a k e c o n n e c t i o n to g round and p m o s 
can pas s ze ro per fec t ly . 
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/'/'. Switch iv. Gain 2 amplifier 
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Figure 10. Schcnitic of switch 

Fig . 10 is a s w i t c h c o n s i s t s o f a n i n v e r t e r a n d t w o t r a n s i s t o r s . 
T h e i n v e r t e r w a s u s e d t o t u rn o n t h e s e t r a n s i s t o r s . T h i s s w i t c h 
is a c t u a l l y h a s s a m e o p e r a t i o n as 2 - t o - m u x t i p l e x e r tha t h a s o n e 
s e l e c t i n p u t ( S ) . In t h i s c l o c k . S is c o n n e c t e d to t h e i n v e r t e r so 
t ha t it t u r n n m o s o r p m o s t r a n s i s t o r . 

It" s e l e c t i npu t ( S ) is l ow , t he f i rs t t r a n s i s t o r . M l t u r n s on 
a n d p a s s e s t h e f i rs t i npu t to t h e o u t p u t , b u t if S is h i g h , t h e 
s e c o n d t r a n s i s t o r . M 2 t u r n s on a n d p a s s e s t h e s e c o n d inpu t t o 
t h e o u t p u t . 

Hi. A elder 

Vc O 

V'T: ° 11 

Vrr, f < . < 

1g v > 

' VDD 

nhOSWQF opa/np tJ) 

XI 5 

• V'SS 

Figure I I. Schematic of adder 

A l t h o u g h a p i p e l i n e A D C c o n s i s t s o f a n a n a l o g a d d e r a s 
d e s c r i b e d in [3 ] , a c t u a l l y t h i s b l o c k w a s p e r f o r m i n g a 
s u b t r a c t i o n o p e r a t i o n . In t h i s p a p e r , t h e a n a l o g a d d e r w a s 
i m p l e m e n t e d u s i n g a t w o s t a g e o p - a m p a n d f o u r r e s i s to r s . T h e 
o u t p u t o f t h i s b l o c k in F ig . I I c a n b e w r i t t e n a s 

Vou t L - V m ( R 2 / R I) + Vp(R 4 / R 3 + R4) (R I + R 2 / R I) ( 1 ) 

If R1 - R 2 R 3 R 4 , t h e n e q u a t i o n ( I ) c a n b e w r i t t e n a s 

V o u t - V p - V m (2 ) 

P. a 

Figure 12. Gain 2 amplifier 

T h e g a i n 2 a m p l i f i e r in Fig . 2 w a s i m p l e m e n t e d u s i n g a t w o 
s t a g e o p - a m p a n d t w o r e s i s to r s . T h i s b l o c k wi l l m u l t i p l y t h e 
o u t p u t o f a n a l o g a d d e r b y 2. Its o u t p u t c a n b e w r i t t e n a s 

V o u t / V p = 1 + R I / R 2 ( 3 ) 

If R I R 2 . t h e n e q u a t i o n ( 3 ) c a n b e w r i t t e n a s 

V o u t / V p = 2 (4) 

i l l . R E S U L T A N D DISCUSSION V / u s 

i. Two stage op-amp 

TABLE I. T w o S T A G E O P A M P S I M U L A T I O N R E S U L T 

Parameter Specifications 

Gain 70.47 dB 

Gain bandwidth 2.46 MHz 

Positive slew rate 0.96 V/us 

Negative slew rate -0.87 V/us 

ICMR -0.7 V - 1.7 V 

C M R R 69.32 dB 

Output swing - 1 . 7 9 V - 1.79V 

PSRR+ 74.58 db 

PSRR- 73.87 db 

Power consumption 25.2uW 

F r o m T a b l e I. t he o p - a m p g a i n is 7 0 . 4 7 d B . T h e h i g h e r t he 
g a i n is b e t t e r b e c a u s e s m a l l g a i n c a n c a u s e t h e d e g r a d a t i o n o f 
its o u t p u t . T h e s i m u l a t i o n s h o w tha t t h e t w o s t a g e o p - a m p h a s 
g a i n b a n d w i d t h o f 2 . 4 6 M H z . L a r g e r g a i n b a n d w i d t h r e q u i r e s 
l a r g e p o w e r c o n s u m p t i o n [ 1 4 ] , t h u s t he o p - a m p g a i n 
b a n d w i d t h m u s t b e r e d u c e d in o r d e r t o o p t i m i z e t h e p o w e r . 
T h e s l e w r a t e c a n b e d e f i n e d as t h e r a t e o f c h a n g e d o f o u t p u t 
v o l t a g e . T h e d i s t o r t i o n o f s i g n a l w i l l h a p p e n if t h e o p - a m p 
s l e w r a t e is t o o l a rge . T h e o t h e r i m p o r t a n t o p - a m p 
c h a r a c t e r i s t i c is Inpu t C o m m o n M o d e R a n g e ( I C M R ) . T h e 
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r a n g e o f t h e d e s i g n e d o p - a m p in t h i s p a p e r is f r o m - 0 . 7 V t o 
1 . 7 V . T h e inpu t v o l t a g e m u s t not e x c e e d t h i s r a n g e s o tha t it 
w i l l no t a f f e c t t h e p e r f o r m a n c e s o f A D C . 

TABLE G A I N 2 A M P L I F I E R A C A N A L Y S I S 

/'/'. Analog adder 
Transiei' Analysis deg C 

•rati4 * ymi/' " * • Vi 8C1 J 
» H ^ raja 

1 'rmnj vivp ~ . X.018619 Mn4v.vir, 
x Minn, rnrinm 
trai4 vTou!T 

' X = 34 811m 0*- |V. 0 216̂51 

hnw si 

Figure 13. Analog adder transient analysis 

T A B I . K LL. A N A L O G A D D E R T R A N S I E N T A N A L Y S I S 

Input 
Output %Er ror 

IP 1/71 
Output %Er ror 

0.10839 0.32659 -0.21635 0.85 

0.25644 0.46336 -0.20453 1.16 

0.46012 0.41513 0.04622 2.73 

0.47760 0.43836 0.03821 2.62 

-0.09665 0.31142 -0.40540 0.65 

Input (Vp) Output %Error 

0.31099 0.62039 0.26 

0.49480 0.98706 0.26 

0.46856 0.93473 0.26 

0.14155 0.28238 0.25 

-0.10728 -0.21388 0.32 

T h e g a i n 2 a m p l i f i e r w a s s i m u l a t e d u s i n g a s i n e w a v e a s i npu t 
w i t h a m p l i t u d e o f 0 . 5 a n d f i v e r a n d o m p o i n t s w a s m e a s u r e d 
a n d s h o w in T a b l e III. T h e p e r c e n t a g e o f e r r o r is a b o u t 0 . 2 6 
but it i n c r e a s e a s i n p u t d e c r e a s e . 

T h e e r r o r s o f a d d e r a n d g a i n b l o c k a re c a u s e b y t h e n o n - i d e a l 
p a r a m e t e r o f t h e d e s i g n e d t w o s t a g e o p - a m p . T h e s e e r r o r s c a n 
b e r e d u c i n g b y u s i n g h i g h p e r f o r m a n c e s o f o p - a m p . 

iv. Switch 
Transient Analysis. 25 deg C 

tran7 v(ch) 
X - 2 4133u 

tran7.y(in I j 
X »-2 4t33u fŷ ya 
tran7.v!gndi 
X . 2 4l33u. rrru] 

X- 3.4373u 
|v . d 9l 

tran7 viclk) 
X » 3 4373u 

— tran7.v(clk) 
tran7 V(in1) 
tran7 vioull i 

— tran? vigndi 

% E r r o r 
M e a s u r e d - A c t u a l 

A c t u a l 
x 100 ( 5 ) 

F ig . 13 s h o w e d t h e t r a n s i e n t a n a l y s i s o f a n a l o g a d d e r . T h e 
a n a l o g a d d e r c i r c u i t w a s s i m u l a t e d u s i n g t w o s i n e inpu t s . F i v e 
r a n d o m p o i n t s w a s m e a s u r e d a n d s h o w n in t h e T a b l e II. 

E q u a t i o n (5 ) is t h e f o r m u l a tha t h a s b e e n u s e d t o c a l c u l a t e 
t h e p e r c e n t a g e o f e r ro r . A s t h e inpu t o f a d d e r i n c r e a s e , its 
p e r c e n t a g e o f e r r o r is a l s o i n c r e a s e . 

Hi. Cain 2 amplifier 
Transient Analys s deg C 

0 i0848 X X 0 23̂28 
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Uan5 viin j 
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Figure 14. 
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Kigure 15. Switch transient analysis 

T A B L E I V . S W I T C H T R A N S I E N T A N A L Y S I S 

Input 
Output % Error 

1X0 !N1 5 
Output % Error 

0 0.9 0 3n 0 

0 0.9 1.8 0.9 0 

If t h e se l ec t i n p u t ( S ) is low, t h e o u t p u t wi l l b e s a m e a s t h e 
first i npu t ( I N 0 ) . a n d if t h e S is h igh t h e o u t p u t wi l l b e s a m e a s 
s e c o n d inpu t ( I N I ) . F r o m t h e s i m u l a t i o n in T a b l e I V , w h e n 
se l ec t inpu t is 0 . t he o u t p u t is 3 n a n d if t h e se l ec t inpu t is 1.8 V , 
t h e o u t p u t is 0 . 9 V . T h e re su l t is a l m o s t s a m e w i t h t h e 
t h e o r e t i c a l v a l u e w i t h p e r c e n t a g e o f e r ro r a p p r o x i m a t e l y t o 0. 

v. Comparator 
T h e c o m p a r a t o r wil l c o m p a r e its t w o inpu t s . If V p > V m , t h e 

t h e o u t p u t o f c o m p a r a t o r is e q u a l t o V D D a n d if V p < V m , t h e 
o u t p u t o f c o m p a r a t o r is 0 . B a s e d o n F ig . 16, t h e c o m p a r a t o r 
t a k e s 2 . 2 9 m s to c h a n g e its o u t p u t f r o m z e r o t o V D D . B e s i d e 
t h e S / H b l o c k , c o m p a r a t o r a l s o p l a y s an i m p o r t a n t r o l e in 
p i p e l i n e A D C . T h e l o n g e r t he t i m e t a k e n o f c o m p a r a t o r t o 
c h a n g e its inpu t t o o u t p u t c a n c a u s e t h e p i p e l i n e A D C p r o d u c e 
w r o n g d ig i t a l o u t p u t . 
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Transient Analysis 25 deg C 
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Figure 16. The posit ive edge of the output comparator 

V, Sample and Hold 
Transient Analysis 25 aeg C 
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Double but le r S/H and double sampling S/H transient 
analysis at clock period of 0.1 m 

F r o m F i g . 17 . a t 0 . 1 m c l o c k p e r i o d t h e p e r f o r m a n c e o f 
d o u b l e b u f f e r S / H is a c c u r a t e t h a n d o u b l e s a m p l i n g S / H . O n 
t h e f i r s t a n d s e c o n d c l o c k e d g e , t h e v a l u e h o l d b y d o u b l e 
s a m p l i n g S / H is n o t s a m e a s t h e a n a l o g i n p u t . O n l y a t t h e t h i r d 
c l o c k e d g e , t h e o u t p u t o f d o u b l e s a m p l i n g S / H s t a r t t o h o l d t h e 
e x a c t v a l u e o f i n p u t v o l t a g e . 

Transient Analysis 25 deg C 

f 

t r a n ' 2 VICIKI 
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f igure 1X. Double sampl ing S/H and double sampl ing S/H 
transient analysis at clock period of 0.01 m 

F r o m F i g . 18 . t h e p e r f o r m a n c e s o f d o u b l e b u f f e r S / H s t a r t t o 
d e g r a d e . I t s o u t p u t h a s b e c o m e i n a c c u r a t e a s t h e i n p u t v o l t a g e , 
b u t t h e o u t p u t o f d o u b l e s a m p l i n g S / H m a i n t a i n h o l d i n g t h e 
v a l u e o f i n p u t v o l t a g e . F r o m F i g . 17 a n d F i g . 18 , t h e d o u b l e 
b u f f e r S / H p e r f o r m s g r e a t p e r f o r m a n c e a t l o w s p e e d , b u t i t s 
p e r f o r m a n c e s d e g r a d e a t h i g h s p e e d . 

Figure 19. Different between analog input to digital output of I bit 
pipeline A D C with double butler S/H architecture with clock 

period 0.1 m 
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Figure 20. Different between analog input to digital output of 1 bit 
pipeline A D C with double sampling S/H architecture with clock 

period 0.1 m 
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Figure 21. Different between analog input to digital output of I bit 
pipeline A D C with double buffer S/H architecture with clock 

period 0.01m 
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Figure 22. Different between analog input to digital output of 1 bit 
pipeline A D C with double sampling S/H architecture with clock 

period 0.01 m 
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T A B L E V . C O N V E R S I O N T I M E O F I BIT PIPELINE A D C W I T H D I F F E R E N T 
S/H A R C H I T E C T U R E 

Conversion time (us) 

Clock pcriod(ins) 
0.1 0.01 

Double buffer S/H 
60.962 63.538 

Double sampled S/H 
92.301 62.679 

F r o m t h e s i m u l a t i o n r e su l t in T a b l e V , w h e n c l o c k p e r i o d is 
0 . 1 m s t h e t i m e t a k e n o f c o n v e r s i o n a n a l o g t o d ig i t a l s i g n a l o f 
p i p e l i n e A D C w i t h d o u b l e b u f f e r S / H is f a s t e r t h a n p i p e l i n e 
A D C w i t h d o u b l e s a m p l i n g S / H . H o w e v e r , w h e n c l o c k p e r i o d 
is 0 . 0 1 m s t h e t i m e t a k e n o f c o n v e r s i o n a n a l o g t o d ig i t a l s i gna l 
o f p i p e l i n e A D C w i t h d o u b l e b u f f e r S H is s l o w e r t h a n p i p e l i n e 
A D C w i t h d o u b l e s a m p l i n g S / H . T h i s r e su l t is a f f e c t e d by t h e 
b l o c k o f c o m p a r a t o r , a l t h o u g h s m a l l e r c l o c k p e r i o d h a v e b e e n 
u s e d , bu t it n e e d to w a i t f o r c o m p a r a t o r t o p e r f o r m the 
c o n v e r s i o n . At l a r g e c l o c k p e r i o d , t h e p i p e l i n e A D C w i t h 
d o u b l e b u f f e r S H w a s f a s t e r bu t at s m a l l c l o c k p e r i o d , t h e 
p i p e l i n e A D C w i t h d o u b l e s a m p l i n g S / H w a s f a s t e r . 

T A B L E V I . POW ER C O N S U M P T I O N O F I BIT P I P E L I N E A D C W I T H 
D I F F E R E N T S /H A R C H I T E C T U R E 

S/h architecture Conversion time 

Double buffer 1.596mW 

Double sampled 
1,242m W 

P o w e r d i s s i p a t i o n in A D C a r i s e s by t h e c h a r g i n g a n d 
d i s c h a r g i n g p a r a s i t i c c a p a c i t a n c e , s h o r t c i r c u i t c u r r e n t , l e a k a g e 
c u r r e n t a n d a l s o d y n a m i c p o w e r [ 15]. 

B a s e d o n t he s i m u l a t i o n in T a b l e V I , t he p o w e r 
c o n s u m p t i o n o f d o u b l e b u f f e r is l a r g e r t h a n d o u b l e s a m p l e d 
S / H . T h e d o u b l e b u f f e r S / H a r c h i t e c t u r e h a s l a rge r n u m b e r o f 
t r a n s i s t o r t h a n t h e d o u b l e s a m p l e d S / H a r c h i t e c t u r e b e c a u s e it 
u s e d t w o o p - a m p s in its b l o c k . T h e i n c r e a s i n g n u m b e r o f 
t r a n s i s t o r s c a u s e s t h e i n c r e a s i n g p o w e r d i s s i p a t i o n . 

I V . C O N C L U S I O N 

T h e p e r f o r m a n c e s o f p i p e l i n e A D C a r e h i g h l y a f f e c t e d b y 
t h e p e r f o r m a n c e s o f S / H c i r cu i t . T h e S /H c i r c u i t is t h e m a i n 
c o m p o n e n t in t h e p i p e l i n e A D C that p l a y s a c r u c i a l r o l e in 
c o n v e r t i n g t h e a n a l o g t o d ig i t a l s i g n a l . 

A t h i g h c l o c k p e r i o d , I bit p i p e l i n e A D C w i t h d o u b l e 
b u f f e r S / H h a s f a s t e r c o n v e r s i o n t i m e o f a n a l o g to d ig i t a l s i gna l 
a n d a l s o h a s b e t t e r p e r f o r m a n c e in t e r m o f a c c u r a c y . W h i l e t h e 
1 bi t p i p e l i n e A D C w i t h d o u b l e s a m p l i n g S / H h a s s l o w e r 
c o n v e r s i o n t i m e o f a n a l o g t o d ig i t a l s i gna l . 

A t l o w c l o c k p e r i o d . 1 bit p i p e l i n e A D C w i t h d o u b l e 
s a m p l i n g S / H h a s f a s t e r c o n v e r s i o n t i m e o f a n a l o g t o d ig i t a l 
s i g n a l a n d a l s o h a s b e t t e r p e r f o r m a n c e in t e r m o f a c c u r a c y . 
W h i l e t h e 1 bit p i p e l i n e A D C w i t h d o u b l e b u f f e r S /H h a s 
s l o w e r c o n v e r s i o n t i m e o f a n a l o g to d ig i t a l s i g n a l . 

1 bit p i p e l i n e A D C w i t h d o u b l e b u f f e r S/'H c o n s u m e s l a rge 
p o w e r t h a n I bit p i p e l i n e A D C wi th d o u b l e s a m p l i n g S/'H. 
T h u s , d o u b l e s a m p l i n g S /H a r c h i t e c t u r e is s u i t a b l e f o r p i p e l i n e 
A D C , s i n c e t h i s A D C w a s u s e d f o r h igh s p e e d i n s t r u m e n t s . 

F o r t he f u t u r e r e c o m m e n d a t i o n , s i n c e d o u b l e s a m p l i n g S / H 
c i r c u i t s is f a s t e r a n d c o n s u m e less p o w e r d i s s i p a t i o n , it is 
s u i t a b l e f o r p i p e l i n e A D C , bu t a p r e c i s e i m p l e m e n t a t i o n is 
n e e d e d in o r d e r t o a v o i d t h e m i s m a t c h b e t w e e n its t w o pa ra l l e l 
c i r cu i t s . 
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