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Abstract : A single CMOS image sensor based on a 0 . 35μm p rocess along wit h its design and implementation is in2
t roduced. The architecture of an active pixel sensor is used in t he chip . The f ill f act or of a pixel cell can reach

43 % , higher t han t he t raditional f act or of 30 %. Moreover , comp ared wit h t he conventional met hod w hose f ixed

p at tern noise ( FPN) is around 0 . 5 % , a dynamic digital double sampling technique is develop ed , w hich p ossesses

simpler circuit architecture and a bet te r FPN supp ression outcome . The CMOS image sensor chip is implemented in

t he 0. 35μm mixed signal p rocess of a Charte red by M PW. The exp erimental results show t hat t he chip op erates

well ,wit h an FPN of about 0 . 17 %.
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1　Introduction

CMOS image sensors have been becoming in2
creasingly significant in the field of solid image sen2
sors. Compared with CCD image sensors , CMOS im2
age sensors p ossess many advantages , such as smaller

size , more convenient integration with other devices ,

lower p ower consumption , and lower cost [ 1 ,2 ] . To

date , CMOS image sensors are adop ted in almost all

mobile p hone cameras. In addition , CMOS image sen2
sors have been widely used in digital cameras , PDAs ,

PC cameras ,video telep hones ,etc.

The f ill f act or of a p ixel is t he ratio of se nsi2
t ive a rea t o t he w hole a rea of t he p ixel . The la rge r

t he se nsitive a rea is , t he highe r t he se nsitivit y of

t he p ixel is . A conve ntional p ixel of A PS a rchitec2
t ure [ 3 ] p ossesses a f ill f act or of a round 30 %[ 4 ] . To

avoid i nte rf e re nce a mong t he wi res , a t ra ditional

p ixel cell uses two2laye r wires ,w hile in t his p ap e r ,

f our2laye r wires a re app lied t o realize a f ill f act or

of 43 % , a nd t he resulti ng i nte rf e re nce is mi ni2
mized by op timizing t he design a nd layout of t he

t h ree t ra nsist ors i n eac h p ixel cell .

The ge ne ral double sa mp ling tec h nique
( GDS) is a t ra ditional f ixed p at te r n noise ( FPN )

supp ression tech nique [ 4 ] . The FPN is reduced by

rea di ng out p ixel a nd reset signals t o a dif f e re nce

a mplif ie r . Si nce t he reset a nd p ixel signals a re

rea d out t h rough a close signal p a t h , t he FPN ca n2
not be completely eli mi nated . I n a ddition ,it is dif2
f icult t o design a nd p lace t he colum n dif f e re nce

a mplif ie r unde r t he li mits of p ixel p itch , a nd more

ra ndom noise is i nt roduce d because of its comp a r2
atively complicate d a rc hitect ure . Af te r eli mi na2
t i ng FPN , t his noise becomes one of t he f act ors af2
f ecti ng i mage qualit y. Thus a new tech nique ,

na med t he dyna mic double sa mp ling tec h nique , is

develop e d i n t his p ap e r . The p ixel a nd reset sig2
nals a re rea d out t h rough t he sa me p at h , so t he

FPN is grea tly re duced i n one dif f e re nce op e ra2
t ion a nd ca n be ignore d. The design of t he rea dout

p a t h is si mplif ied ,w hich ma kes designi ng t he col2
um n a nd outp ut a mplif ie r i nt o t he st ruct ure as t he

dif f e re nce a mp lif ie r unnecessa ry . At t he sa me

ti me , t he ra ndom noise i nt roduce d is reduce d. Mo2
reove r , t he p ixel p itc h is mi ni mized t o re duce chip

a rea a nd i nc rease t he se nsor’s resolution .

2　Pixel cell design

2. 1　Normal CMOS APS structure

The sche matic of a nor mal CMOS A PS st ruc2
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t ure is show n in Fig. 1 ( a ) . Tra nsist or M1 is t he

reset t ra nsist or of t he c ha rge2se nsi ng node at N .

M2 is t he in2p ixel a mplif ie r connected as a source

f ollower wit h a n off2p ixel cur re nt source M4. A

switc h M3 is used t o select t he p ixel t o be connect2
ed t o t he rea dout bus . D is a p hot odiode , a nd Cp is

t he cap acita nce of t he node at N [ 5 ] . I n t his st ruc2
t ure , t he highest outp ut volt age Vout is li mite d by

t he tw o drops t ha t result f rom t he nMOS’s M1

a nd M2 t o gua ra ntee a p rop e r bias condition . The

maxi mum availa ble outp ut swi ng is t hus give n by

V CC - 2 V tn - Vdsat ( V t n a nd Vdsat a re t he t h reshold

voltage a nd sa turation voltage of t he nMOS t ra n2
sist or , resp ectively) . The outp ut swi ng of a CMOS

A PS is show n i n Fig. 1 (b) .

Fig. 1　(a) Schematic of t he normal A PS ; (b) V oltage

diagram at node N and Vout

2. 2　Layout of pixel cell

The layout of t he t ra nsist ors a nd p hot odiode

i n t he p ixel cell a re all op ti mize d accordi ng t o t he

requi re me nts of p rocess a nd a r ray . I n Fig. 2 ,w hich

s hows t he layout of t he p ixel cell , t he source a rea

of M1 exp a nds t o f or m a la rge se nsitive a rea ( n +

p - p hot odiode) . Ta ki ng f ull a dva ntages of t he f our

laye rs of metals , p ower wi re , signal outp ut wi re ,

rea d signal wi re , a nd reset signal wi re , a re logical2
ly p ositione d in t he layout of t he p ixel cell . The

layout op ti miza tion of M1 , M2 , a nd M3 e nsures

t hat t he source a rea of M1 will occup y a la rge

scop e in t he p ixel cell i n orde r t o f or m a la rge se n2
sitive a rea . The a rea of t he p ixel cell is 42 . 25μm2

(61 5μm ×6 . 5μm) . The se nsitive a rea is 23 . 3μm2 ,

wit h a f ill f act or of 55 %. Af te r t he app lication of

t he salicide p rocess , in w hich t he active source a r2
ea is cove red by metal silicide , visible light ca nnot

p ass t h rough . Thus , a n SAB laye r ( salicide block

mask) s hould be used t o cove r t he source a rea of

M1 t o ma ke it t ra nsp a re nt t o visible light . Covered

by t he SAB laye r , t he se nsitive a rea retai ned is

181 2μm2 ,wit h a n actual f ill f act or of 43 %.

Fig. 2　L ayout of pixel cell

3 　FPN suppression and DDDS tech2
nique

3. 1　Fixed pattern noise suppression

FPN cause d by device mis match a nd p rocess

va riation has always bee n a p roble m wit h active

p ixel se nsors because of multip le rea dout

p a t hs [ 6 ,7 ] . Two t yp es of FPN have bee n rep orte d ,

na mely ,p ixel FPN ,w hic h is cause d by a mis match

i n t he cell ci rcuit , a nd colum n FPN , caused by a

mismatch i n t he colum n rea dout ci rcuits . The

t h res hold voltage mis match of t he source f ollowe r

t ra nsist ors is t he domi na nt ef f ect on t he p ixel

FPN a nd colum n FPN . Usually , t he colum n FPN is

conside re d t o be more se rious because t he huma n

eye is more se nsitive t o regula r li ne p at te r ns [ 8 ] .

The ge ne ral double sa mpli ng tech nique , show n i n
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Fig. 3 , is t he t ra ditional app roach use d t o re duce

t he f ixe d p at te r n noise . The p ixel FPN is reduced

by rea di ng out t he p ixel a nd reset signals t o t he

colum n dif f e re nce a mplif ie r . The colum n FPN is

eli mi nate d by rea di ng out t he outp ut signal of t he

colum n dif f e re nce a mp lif ie r a nd t he comp e nsa tion

signal t o t he outp ut dif f e re nce a mplif ie r . To ge n2

e ra te t he comp e nsa tion signal , a colum n dif f e r2
e nce a mplif ie r wit h a“cow2ba r”must be devel2
op ed or a n a dditional row , w hic h is s hielde d by a

metal laye r , must be a dded. Still , since t he reset

signal a nd p ixel signal a re rea d out t h rough a close

signal p a t h , t he FPN ca n not be completely eli mi2
nated .

Fig. 3　Diagram of general double sampling

3. 2　Dynamic digital double sampling

We develop a n imp roved double sa mpli ng

tec h nique , na mely , D D DS , as show n in Fig. 4 . The

rea dout p rocess ca n be divide d i nt o two steps .

Fi rst , t he reset signal of each p ixel i n t he a r ray is

rea d out a nd st ored i nt o me mory by converti ng it

i nt o a digital signal t h rough A D C ,w hic h is use d as

FPN bac kground i n t he p ixel a r ray. The n , t he sig2

nal value of t he p ixel is rea d out a nd t he FPN

background noise of t he cor rela ted p osition is sub2
t racted af te r converti ng t he signal i nt o a digit al

signal t h rough AD C. Si nce t hese two values a re

rea d out t h rough t he sa me p at h , t he p ixel FPN a nd

colum n FPN a re greatly reduced in one dif f e re nce

op e ration ,so t hat it ca n be ignored . The dyna mic

re newal of FPN background results i n ef f ective

noise supp ression .

Fig. 4　Diagram of dynamic digital double sampling

V data = Ap A c Aout V signal (1)

V data = Ap A c Aout V signal ±AoutΔVAout ±ΔVdiff (2)

Equations (1) a nd (2) a re t he f inal results of

t he FPN supp ression w he n D D DS ( Fig. 4 ) a nd

GDS ( Fig. 3 ) a re use d , resp ectively. Ap , Ac , a nd
Aout a re t he gai ns of t he p ixel a mplif ie r Ap , col2
um n a mplif ie r Ac , a nd outp ut a mplif ie r Aout ; Vsignal

is t he i mage signal volt age ;ΔVAout is t he f ixe d p at2
te r n noise of t he outp ut a mp lif ie r ;ΔVdiff is t he

dif f e re nce betwee n close outp ut p at hs . From

Eq1 (2) , we ca n see t ha t t he offset of t he outp ut

a mplif ie r itself (ΔVAout ) a nd t he dif f e re nce be2
twee n close outp ut p a t hs (ΔV diff ) a re a dde d t o

outp ut signals i n a ddition t o t he i mage signals ;

w hile i n Eq . (1) , t he i mage signal is only t he out2
p ut signal . Thus , D D DS has highe r p recision , a nd

it p roduces a n i mage close r t o realit y. The FPN is

0 . 17 % w he n dyna mic digit al double sa mp ling is

use d , but t ha t of GDS is 0 . 5 %[ 4 ] . I n Fig. 3 , t he
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colum n a mplif ie r a nd outp ut a mplif ie r requi re t he

a rchitecture of dif f e re nce a mplif ie r ; w hile Figure

4 is f ree f rom t he rest rictions of t his a rchitecture ,

t he source f ollower is used t o realize t hese tw o

a mplif ie rs i n our design of t he p rot ot yp e chip .

Through t his met hod , t he qua ntity of a mplif ie r

t ra nsist ors is reduced grea tly ; t he chip becomes

s malle r or highe r resolution ca n be realized wit hi n

t he sa me a rea of t he c hip . Besides ra ndom noise

sources , w hich a re t he sa me as t hose caused by

D D DS , GDS has ext ra ra ndom noise ge ne rate d by

t he cap acit ors Cr , Cs , Ch , Cc . These noises i n2
crease t he GDS syste m noise .

4　Testing and characterization

The chip was f a bricated i n a 0 . 35μm 2 P4M

CMOS mixe d signal p rocess . The di me nsions of a

se nsor a re 3 . 085 m m ×2 . 915m m . D um my cells a nd

double gua rd ri ngs a re i nse rted a round t he se nsor

cell a r ray t o re duce subst ra te coup li ng of t he dig2
i t al switc hi ng noise . A n 8bit p ip eline a nalog2t o2
digital conve rte r ( A D C , p rovided by ot he rs ) is

used t o p e rf or m t he video ra te of a nalog2t o2digit al

conve rsion . The die p hot o of t he i mage se nsor

chip is show n i n Fig. 5 .

Fig. 5　Phot o of t he image sensor chip

The f ill f act or is 43 % , highe r t ha n t ha t of a

ge ne ral A PS pixel cell , w hich is 30 %. The FPN is

0 . 5 % of t he sat uration outp ut volt age w he n ge n2
e ral double sa mpli ng is use d ,w hile t he FPN is only

0 . 17 % of t he sa tura tion outp ut volt age w he n dy2
na mic digit al double sa mp ling is used . The sup2
p ression eff ect of t he second met hod is al most

twice t ha t of t he f i rst .

Figure 6 ( a ) is a n image wit hout dyna mic

digital double sa mp ling ; Figure 6 ( b) is a n i mage

wit h dyna mic digit al double sa mpli ng. O bviously ,

t he i mage qualit y was i mp roved grea tly w he n dy2

na mic digit al double sa mpli ng was used. A sum ma2
ry of t he cha racte ristics of t he test chip is give n i n

Ta ble 1 .

Fig. 6 　 ( a ) Image wit hout dynamic digital double

sampling ; (b) Image wit h dynamic digital double sam2
pling

Table 3　Characteristics summary of image sensor test chip

Technology 0. 35μm 2P4M

Chip size 3. 085mm×2. 915mm

Number of pixels 256 ×256

Pixel size 6. 5μm×6. 5μm

L oad capacitor of node D 29f F

Conversion gain 5μV/ elect ron

Fill f actor 43 %

Saturation level 1 . 3V

Power supply 3. 3V

Maximum f rame rate 75fps

5　Conclusion

This p ap e r i nt roduces a CMOS active p ixel

se nsor . It app lies a D D DS tec h nology t o eli minate

FPN in p ixel a nd colum n ci rcuits a nd p rocesses a

high f ill f act or , w hich cont ributes t o t he i nc rease

of se nsitivit y. However , t he a dop tion of t he D D DS

tec h nique requi res a n a dditional me mory , t he

draw back of w hich is comp e nsa ted f or by usi ng a n

a dva nce d D RA M tec h nology. A test chip has bee n

f a bricated usi ng a 0 . 35μm CMOS p rocess . The ex2
p e rime ntal results validate t ha t FPN ca n be sup2
p ressed ef f ectively by t he D D DS tec h nique .
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一种具有高填充因数和动态数字双采样技术的 CMOS图像传感器

刘　宇1 ,2 ,­　王国裕1 ,2

( 1 西安交通大学 , 西安　710049)

(2 中国科学院半导体研究所 , 北京　100083)

摘要 : 介绍了基于 0. 35μm工艺设计的单片 CMOS图像传感器芯片.该芯片采用有源像素结构 ,像素单元填充因
数可达到 43 % ,高于通常 A PS结构像素单元 30 %的指标.此外还设计了一种数字动态双采样技术 ,相对于传统的
双采样技术 (固定模式噪声约为 0. 5 %) ,数字动态双采样技术具有更简洁的电路结构和更好抑制 FPN 噪声的效
果.传感器芯片通过 M PW计划采用 Chartered 0. 35μm 数模混合工艺实现.实验结果表明芯片工作良好 ,图像固定
模式噪声约为 0 . 17 %.

关键词 : 有源像素 ; CMOS图像传感器 ; 填充因数 ; 动态数字双采样 ; 固定模式噪声
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