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A Capacitor Mismatch Calibration Technique for Pipelined A/ D Corversion

LI Fur le, LI Dong mei, ZHANG Chun, WANG Zhr hua
(Dept.  Electronic Engineering, Tsinghua University , Bejing 100084, China)

Abstract: A novel capacitor mismatch calibration technique for pipelined analog to-digital conversion & presented. The nonlir
ear capacitor mismatch error is reduced to the second order through an algorihmic crcuit method, which involves charge summing, ca
pacitors excharnge, and charge redistribution. Smulation results confirm the observation and a case of 12 bit INL realized by 4 bit ca
pacitor matching is shown. Compared to the conventional circuit, the new approach is still a simple implemeniation by requiring only
some extra analog switches. On the other hand, the conversion speed & slowed because one conversion now requires three clock phases
instead of two. Therefore this technique is most suitable when moderately high speed combined wih high resolution is required.

Key words:  capacitors ex change; capacitor mismatch calibration; pipelined A/ D conversion; circuit techniques

1 9
(ADC), , ,ADC , s
’ , , 2
, (OTA)
2
Cascode, Gairr boesting OTA s
9 9 bl IC s
( trimming) ( calibration)
ADC R 10bit R
[1~ 3]
[1,2] [3].
[4,5]
s s 1bit/ stage s 1
: 200k 1+27; : 2002 4 18

973 (No. G2000036507)



11

1705

(WAL -1 (VB AL
1
. 1 ,C  Cs
,Cr Cy , Cm1 Cem2
, (OF I OF G,
C, Cy4 Gr. I(a~ e) 5
I(a) G Vi OoTA G
OTA R C,, G >
Cs, Cf Vir1C57 Vol 'Cst/
G, Vot
1(b) Cs  Va Vig
Yy ¢ OTA ,
G (2Vin ¥ Vig) Cs, Vor = (2Vin+ Vig) Cs/
G
() € : c :
1(d) R Cs OTA
.G om .G
c, , Vos' = (2Viu+ Vig), s
, G Cr N
I(e) s G OTA ,
, Cm1  Com2
; Con Con
1 5 () (e)
3, s 3

(a), 1

(b),

1
Cvm 1 C cm2
1

s

Cy Cy

OTA OTA
1 2

B V01~

s

( Vin,+ -

Via~ Via
Vo3

s Stage
I- 1

Stage
I+ 2

Stage

Stage 1
R I P

a, b, d OTA

I(a)

iet) Ci= (Vir— Voo ) C2 (1)

(Vine = Viet) G= (Vier= Vor ) Cy

1(b)
(V02+ -

+ (Vin+ -
2) Co= = ( Vips —

( V02— -

+ (Vin— -

1(d)
( VUZ— -
( Vo2+ -

Vige + Vig-
C’('ml

2) Ca= = (Vi =

2) Cot ViaCo= (Ve3- —
Via) Cat ViaCa= (Vozs —

i) C3
Via) Cy

ie1) C1
2) C3

Viet) C1= (Vigs — 2)

ie1) C3— (Vig- —

3) C1
Vi3) C3 (3)
0,
C om

=0

d m2>

Con
. =0

C,

em 1

C emlt C cm2

Vin+ + ; ; n
Ccml+ Ccn12

Cnrn 2

C(rml + CcmZ
Ccm 1

Vol+ +

VU]— =0

C eml t Can (4)

le 2 -0

Ccm,l + CcmZ
Ccm 1

+ Vi
o2+ Cm:]+ Cm72 o2

C('m
2y, =0

Ccml + Ccm2

Voss + 3
’ C(‘ml + Ct‘ﬂl2 ?

61m: 2( C;mZ_ C’cml)/(cvcm2+ C’cm l)
6m: 2( Ccmz_ C(:ml) /( Ccm2+ C(:ml)

§=2(Ci— G)/(C+ Cj)

67m > ﬁm,a 61]

(5)

0, 02



1706

2002

s

Vo3—
= (2+ 81) ( Vin+ -

Vo= Vas —

Voo )= (14 €)( Vs = Vg )+ £(5)

(6)
38138, + 26138 = 62 8,+ O13u— Ok
€=
8
&= 6%3_ 8§4+ 58!71613_ 6/71624
2= 16
f(8)  §(ij=1.23, 4,8 8. 3
(6) S(ij=1,2,3, 4,8 &n 2
, E[€]= - 0%8 var(€)= (17/64) O,
E[€2]= 0, var( &)= (15/128) 0%
2
4 ADC
1. 5bit/ stage
12bit ADC s Monte Carlo
ADC .
OTA OTA
(5 ,
; OTA
; OTA 100dB  80dB
2 Monte Carlo s
OTA , 30
2 MONTE CARLO
OTA OTA
(30) (30) (39) DC
1 4bit 1/ 5Vref 1/100Vref 100dB
2 4bit 1/ 5Vref 1/100Vref 80dB
3 12BIT ADC
INL Yield DNL Yield
1 <0.4SB 2 98% <0.4L.SB Z %%
2 <0. 78LSB Z 98% <0.84LSB Z %%
L58 of 1320 ! .-‘iI'r of 124wt
2 Monte Carb ,INL( ), DNL( )
( code density simulation)
16l ADC (INL)
( DNL) s 3 Monte Carlo
( 2 ), 0m

( charge injection from swiiches)

[1]

[2]

[3]

[4]

[5]

[6]

100dB,

OTA 80dB,

,ADC
(noke)

9

, N bi R
2N

A N Karanicolas, H SLee, KL Bacrania. A 15 b F Msample/ s digitally
self calibration pipeline ADC[J]. IEEE J. Solid State Circuits, 1993,
28(12):1207- 1215.

M K Mayes, S W Chin. A 200mW, IMsample/s, 16 b pipelined A/ D
converter with o chip 32 b microcontoller[ J]. IEEE J. Solid State
Crrcuits, 199, 31( 12) : 1862- 1872.

U K Moon, B S Song. Background digital calbration techniques for
pipelined ADC’ s[ J] . IEEE Trans. Circuits Syst. 1, 1997, 44(2) : 102
- 109.

BS Song, M F Tanpsett, K R Lakshmikumar. A 12 bi +Msample/ s
capacitor error averaging pipelined A/ D onverter[ J]. IEEE J. Solid-
State Cirauits, 1988,23( 6): 1324— 1333.

H S Chen, K Bacrania, BS Song. A 14b 20Msample/ s CMOS Pipelined
ADC[A].ISSCC Dig. Tech. Papers[C] . San Francisco: 2000: 46— 47.
PE ,DR . CMOS [M].
, 1995. 07— 508.

, 1974 11 , 1996

199

, 1990
, 1994



