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Study of a Low Noise CMOS Readout Circuit for Micro Biosensor 3
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Abstract :A CMOS readout circuit for biosensor that used a new Correlated Double Sampling (CDS) circuit

was designed. The CDS circuit makes biosensor possible to obtain high sensitivity and low noise feat ures.

Simulation was carried out on a 0. 6μm CMOS process by Spect re simulator . The simulation result s

showed that a good linear relation between inp ut and outp ut of t he biosensor has been obtained by using

CMOS readout circuit based on CDS.
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摘　要 :为提高生物微传感器的探测灵敏度 ,设计了一种低噪声的生物微传感器 CMOS读出电路 ,提出了一种新型的相关双

采样 (CDS)电路 ,对读出电路的噪声进行抑制。在 0. 6μm CMOS工艺下 ,用 Spect re仿真器对该电路进行了模拟 ,仿真结果表

明 ,采用相关双采样的 CMOS读出电路使传感器的输入输出转换具有良好的线性关系。

关键词 :生物传感器 ;恒电位仪 ;相关双采样 ;读出电路

中图分类号 :TN492 ; TN402　　 文献标识码 :A　　文章编号 :100421699( 2009) 0620776205

　　In recent years , wit h t he rapid develop ment of

bio2chip ,t he study of biosensors developed by leap s

and bounds and the st udy of t he microarray biosen2
sor have been discussed by many expert s[1 ] . The

biological microelect rode is an important research

tool of biosensor , which mainly p roduces current

outp ut , and biosensors detect and recognize the bi2
omolecules by examining t he micro2current signal

forming in biologic reaction. At p resent , t he re2
search of biological micro2sensors read out inte2
grated circuit ( ROIC) focused on micro2current de2
tection and signal p rocessing technology , instead

of t he noise suppression of biological micro2sensors

ROIC[223 ] . In weak signal detection applications , a

critical technology is t he suppression of various in2
tegrated circuit induced noises , to enhance t he out2
p ut signal2to2noise ratio ( S/ N ) . The extent of

noise suppression usually indicates the merit s of

t he ext racted signal quality or the effect of t he sig2
nal p rocessing.

In this paper , we designed a new type of bio2
logical micro2sensor CMOS RO IC , which used cor2
related double sampling ( CDS) circuit to suppress
t he noise of ROIC.

1 　Biological Micro2Electrode Electri2
cal Models
　　The research tool of micro biosensor is micro2

elect rode , as opposed to conventional elect rode ; it

has t he advantages of high constant current densi2
ty , high signal to noise ratio , very small time con2
stant , low solution potential drop , etc. The polar2
ization current of micro2elect rode is usually in

10 - 9 A order of magnit ude , and even down to



10 - 12 A order of magnit ude.

A two2elect rode st ruct ure of the micro2elec2
t rode schematic[4 ] shown as Fig. 1. The elect rode
of Si2subst rate mainly consist s of reaction pool ,

sensor pool , working elect rode ( WE) , counter e2
lect rode (CE) .

Fig. 1　Architecture scheme of micro elect rode

According to Ref . [ 5 ] , Fig. 2 displays a model
of t he R2C impedance approximation for t he elec2
t rode simplified into an equivalent lumped R2C cir2
cuit component . In Fig. 2 ( a ) , each consecutive

separation of working elect rode and counter elec2
t rode fingers is rep resented as one series R2C

branch. Fig. 2 (b) shows t he condensed lumped R2
C model.

Fig. 2　R2C modeling of the micro elect rode setup

2　The Structure and Working Princi2
ple of Micro2Sensor ROIC

2. 1　ROIC Working Principle
ROIC consist s of potentiostat current integral

circuit and CDS circuit , shown as Fig. 3 . With a pair

of electrodes of micro2electrodes into the test solu2
tions in a constant potential ( V ref = 0. 3～0. 6 V) ,

and the micro2electrode produces an DC signal Iin

proportional to the concentration of the solutions ,

charges the capacitor Cint through Mn and forms an

integral signal VCint proportional to the sensor current

signal Iin . In the schematic , PMOS transistor Mp is

the reset t ransistor. We can see that the op2amp is

working in negative feedback , so as to maintain the

micro2electrode on a fixed bias V ref , and ensure the

stability of the circuit . Put the integral signal VCint

into the correlated double sampling unit s to carry off

noise , and then we can get low noise of the integral
signal.

Fig. 3　Schematic of microarray biosensor unit readout circuit

2. 2　Potentiostat Integral Circuit
In amp2biological micro biosensor ROIC , t he

potentiostat is an indispensable component . It
maintains a constant voltage to ensure t he elec2
t rodes for redox reactions. Meanwhile , it separates

t he part of sensor and readout circuit , to ensure

t he chemical reaction of the micro2elect rode not to
be effected by the part of circuit .

In the system of Fig. 3 , t he potentiostat con2
sist s of an op2amp A and a NMOS t ransistor Mn.

The integral circuit contains an integral capacitor
and a reset t ransistor Mp . The detail potentio stat

integral circuit is shown as Fig. 4 , t he constant

voltage V ref is 0. 5V ; t he amplifier is used PMOS
t ransistors to be the difference inp ut t ransistor
Mp2 and Mp3 , which can reduce the noise 1/ f in

ROIC ; Mp1 is t he constant current source ; Mn4

and Mn5 is t he load t ransistors ; C1 and two t rans2
mission gate t ransistors Mn7 and Mn8 make up f re2
quency compensation circuit in common ; Mp8 and
Mn9 are common2source amplifier stage ; Mp10 is a
reset t ransistor ; C2 is t he integral capacitor ; Mn11

is t he potentiostat NMOS t ransistor ; Vb is t he gate
voltage of Mp1 and Mp8 ; constant current source
I0 , resistance R0 and capacitor C0 are the content s
of t he model of t he micro2elect rode.

The opening loop gain of t he op2amplifier is :

A =
2 gm2 gm8

I1 I8 (λ3 +λ5 ) (λ8 +λ9 )
(1)

where gm2 and gm8 are t he t ransconductances of t he
Mp2 and Mp8 , I1 and I8 are the current s of the con2
stant current source Mp1 and Mp8 , respectively ;λ
is t he channel lengt h modulation coefficient .

The unity gain bandwidth of op2amplifier is :
GB = gm2 / C1 (2)

The amplifier is two2stage amplifier , in which
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Fig. 4　The integral circuit of potentiostat

capacitor and t ransmission gate is used to regulate

t he f requency and p hase margin of the amplifier

and to ensure a good performance of the amplifier .

In a case of 2p F load , an open2loop gain of 71. 6
dB , unity2gain bandwidt h of 24. 6 M Hz , and p hase

margin of 60°were obtained , it s power dissipation

is only 0. 12mW except bias circuit .
2. 3　Noise Analysis of ROIC

In a micro biosensor RO IC , t he noise may o2
riginates f rom environment , or ROIC it self . The
major sources of noise are inherent noise of t he de2
vice used in ROIC , and an additional noise induced

by t he circuit st ructure and operation modes of cir2
cuit . In ROIC , MOS is t he major noise source of
t he device[6 ] . There are t hree kinds of noise in RO2
IC as follows :

(1) MOS t ransistor flicker noise which exist s

in all active devices , induced by t he material sur2
face sit uation and PN junction leakage current ,
t hat is 1/ f noise. The flicker noise is more easily

modeled as a voltage source in series with the gate
and roughly given by[7 ] :

V 2
1/ f =

K
Cox WL

1
f

(3)

where K is a p rocess2dependent constant on t he or2
der of 10 - 25 V2 F. Cox is unit area gate oxide capaci2
tance ; f is t he f requency of t ransistors. The noise
spect ral density is inversely p roportional to the f re2
quency , flicker noise is also called 1/ f noise. In

t he same channel size , t he noise 1/ f of PMOS
t ransistor is usually lower t han t hat of t he NMOS

t ransistor .
(2) The reset noise KTC induced by circuit

st ruct ure and operation mode of t he circuit , whose

value of squared voltage is[8 ]

V 2
N =

KT
C

(4)

Because of V N = Q/ C = nq/ C , t he equivalent elec2
t ron number p roduced by K T C noise is :

n = KT C/ q (5)

where K is Boltzmann constant , T is temperature ,

C is head amplifier inp ut capacitance (the total sum

of capacity values , t hat involve t he integral capaci2
tance and parasitic capacitance in t he integral am2
plifier) , Q is t he two2terminal quantity of elect rici2
ty of C ,q is elect ronic charge.

(3) Material and deviation of micro2elect rode

formed size caused by manufact ure p rocess can

bring a constant deviation noise. It s effect could be

illust rated by oxygen dissolved micro2elect rode ,

which is the most common current micro2elec2
t rode , and t he outp ut current is given by[9 ] :

I in =
nFA S m D m PO2

Zm
(6)

where n is number of elect rons involved in t he re2
duction reaction , F is Faraday constant , A is cath2
ode area , PO2 is oxygen partial p ressure , Zm is

membrane thickness , and S m and Dm are solubility

coefficient and diff usion coefficient of oxygen in t he

membrane , respectively. We could see t hat t he mi2
cro2elect rode outp ut current I in is relative to micro2
elect rode manufact ure , and t he material fabrication

deviation could bring relating noise to RO IC.

2. 4　Correlated Double Sampling Circuit Design
In RO IC , CDS technology is the most success2

f ul technology to rest rain noise. The CDS could re2
duce t he 1/ f noise and K T C noise of ROIC[10 ] . In

t his paper , we proposed a novel CDS circuit , to re2
duce t he noise of micro biosensor ROIC.

The CDS circuit is shown as Fig. 5 . The trans2
mission gate of MOS transistor Mp12 and Mn13 are

the sampling switch of CDS unit , and the comple2
mentary signal of Sample and Sample～ are CDS

sampling pulse ;C3 is the capacitor stabilizing voltage

A ; C4 is the holding capacitor of CDS ; Mn14 is out2
put voltage clamping transistor , and Rst is clamping

pulse used to multiplexing with integral pulse ; the

source follower consisting of Mp15 and Mp16 is the

output stage of CDS , and Vb1 is the gate voltage of

Mp15 ; C5 is output load capacitor. The CDS circuit

in Literature[ 11 ] is isolated from the front circuit by

N source follower , sampled by a NMOS transistor

switch , and the PMOS clamping transistor connect s

with power supply , whose output is a N source fol2
lower. In the Fig. 5 , used transmission gate as the

sampling switch between the integral unit and sam2
pling unit instead of source follower , whose sample

will not miss threshold voltage ,voltage A can have a

great dynamic range ; an NMOS transistor was used

as the clamping transistor , and source follower con2
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sist s of PMOS transistors , so 1/ f noise lower in the

circuit ; in Ref . [ 12 ] , the switch of complementary

time sequence is achieved by a inverter , and the in2
verter is in the circuit of CDS. The inverter was used

in the time sequence circuit in this design instead of

that in CDS to save the layout area in micro2array ;

the clamping pulse multiplexes with the integral
pulse , so as to cut out the digital clock circuit .

Fig. 5　Circuit diagram of the correlated double sample unit

Set Rst to high level and t urn on Mn14 . When

integral signal achieved , the signal Sample turns
off t he t ransmission gate at the moment T1 . And
t hen , t he voltages of capacitor C4 are :

V 1 ( T1 ) = V ref + V Cint + V noise (7)

V 2 ( T1 ) = 0 (8)

At the moment T2 , Rst is in low level , Mn14

is t urned off . Sample turns on the t ransmission

gate , t he reset signal Rst reset t he integral capaci2
tor to V dd , voltage V 2 ( T2 ) is send to P source fol2
lower unit , at t he moment ,

V 1 ( T2 ) = V dd + V ref + V noise (9)

According to the principle of charge conserva2
tion , t he charge of t he coupling capacity C4 could
not change abruptly , so :
CS (V 1 ( T1 ) - V 2 ( T1 ) ) = CS (V 1 ( T2 ) - V 2 ( T2 ) ) (10)

The outp ut signal V 2 ( T2 ) of CDS is :
V 2 ( T2 ) = V 1 ( T2 ) - V 1 ( T1 ) + V 2 ( T1 ) =

(V dd + V ref + V noise ) - (V ref + V Cint + V noise ) = V dd - V Cint

(11)

The equation shows that t he noise signal V noise

is neut ralized by CDS circuit , t he outp ut signal V 2

is just t hat V dd subt ract s integral signal VCint . Thus
CDS circuit could reduce t he noise of ROIC effec2
tively.

Furt hermore , t his CDS circuit has t he advan2
tage of simple st ruct ure ; fewer t ransistor and low
power consumption , etc.

3　Simulation Results

The RO IC design based on 0. 6 μm CMOS
technical BSIM3V3 model , which used Spect re em2
ulator of Cadence to simulate. The circuit used sin2
gle 5 V source to supply power , t he integral capac2

itance C2 is 2 p F , t he constant capacitance C3 is 2

p F , and the CDS holding capacitance C4 is 0. 8 p F.

The timing of circuit is shown as Fig. 6 , t he inte2
gral time is 350μs , and t he sampling time is 340
μs.

Fig. 6　The timing of CDS

The outp ut current of biosensor is 0～50 nA ,

and 10 nA per step . The parameter sweep of inte2
gral voltage signal of integral capacitor C2 is shown
in Fig. 7 , in which result s show a good linearity ,

and t he outp ut voltage signal of integral capacitor

has a great dynamic range (0～5 V) ; in the Ref .

[13 ] , t he outp ut wave of simulation have no uni2
formly2spaced effect , no obvious effect . The simu2
lation result s of CDS circuit of Fig. 5 is shown in

Fig. 8 , t he outp ut is square wave , and t he outp ut

changed almost synchronizes to the inp ut signals.
This shows t hat t he CDS holding circuit has a good

responsiveness to integral voltage.

Fig. 7　Simulation result s of integral circuit

Fig. 8. Simulation result s of CDS

The table 1 showed a relation between outp ut

and inp ut of t radition sampling circuit and CDS cir2
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cuit .
Table1　The relation between output and input of t radi2

tion sampling circuit and CDS circuit

Vo (V)
I(nA)

0 10 20 30 40 50

Tradition 1. 296 1. 950 2. 636 3. 302 3. 956 4. 613

CDS 3. 743 3. 094 2. 389 1. 705 1. 050 0. 458

　　The curvilinear equation between inp ut and

outp ut of table 1 is analyzed by cubic polynomial
fit ting met hod using Matlab :

V O1 = 0·I3 - 0. 0003·I2 - 0. 0629·I + 3. 7449 (12)

V O2 = 0·I3 + 0. 0001·I2 + 0. 0649·I + 1. 4755 (13)

where I is t he outp ut current of biosensor , V O1 and

V O2 are outp ut voltage of t radition sampling circuit

and CDS circuit of ROIC. From t he above equa2
tion , it is easy to know t hat t he CDS fit ted curve is
more likely a st raight line , and the outp ut t ransfer

voltage of micro biosensor ROIC present s a good

linear relationship at t he range of 0 to 50 nA of bi2
ological current , a wide dynamic response range

and an outp ut swing of greater than 3 V are also

obtained.

4　Conclusion

Based on 0. 6μm CMOS technique , designed a

new ROIC for micro biosensor , and analyzed it s

every module. In order to suppress the noise of mi2
cro biosensor in CMOS RO IC and imp rove the

quality of biological detection , a novel CDS circuit

was proposed. The simulation result s by Spect re
show t hat t he circuit can reduce noise as normal

CDS circuit . And t he CDS circuit also has many

ot her advantages such as simple st ructure , fewer

t ransistors etc. It can be used for micro biosensor
and will have a good utility value.

References

[ 1 ] 　He Min juan , Cui Hua li . Current Development of Microarray

Elect rochemical Biosensors [J ] . Progress in Modern Biomedi2
cine , 2006 ,6 (8) :66268. (贺敏娟 ,崔华莉.微阵列电化学生物

传感器研究进展[J ] .现代生物医学进展 ,2006 ,6 (8) :66268. )

[ 2 ] 　Amit Gore , Shantanu Chakrabart ty , Sudeshna Pal etc. A

Multichannel Femtoampere2Sensitivity Potentiostat Array for

Biosensing Applications [J ] . Circuit s and Systems I : Funda2
mental Theory and Applications , IEEE Transactions on ,

2006 ,11 : 235722363.

[ 3 ] 　Di Wang ,Zhang Guoxiong ,Li Xingfei . Design Met hod of 32D

Active Silicon Neural Microelect rode Biosensor Based on

MEMS Technology[ C]/ / Intelligent Cont rol and Automation ,

2006. WCICA 2006. The Sixt h World Congress , 2006 , 2 :

834428348.

[ 4 ] 　Chao Bian , Xia Shanhong , Xu Yuanyuan ,etc. A Micro Am2
peromet ric Immunosensor Based on Two Elect rochemical Lay2
ers for Immobilizing Antibody [ J ] . Sensors , 2005 IEEE ,

2005 ,11 :4162419.

[ 5 ] 　Rezaul Hasan S M. Stability Analysis and Novel Compensation

of a CMOS Current2Feedback Potentiostat Circuit for Elect ro2
chemical Sensors [ J ] . Sensors Journal , IEEE , 2007 , 5 : 8142
824.

[ 6 ] 　Liu Chengkang , Yuan Xianghui , Zhang Xiaofei . Fixed Pattern

Noise and It s Suppression in CMOS ROIC[J ] . Semiconductor

Optoelect ronics , 2002 ,23 (3) : 1702173. (刘成康 , 袁祥辉 , 张

晓飞. CMOS读出电路中的噪声及抑制 [ J ] . 半导体光电 ,

2002 , 23 (3) :1702173. )

[ 7 ] 　Behzad Razavi. Design of Analog CMOS Integrated Circuit

[ M] . The Mc Graw2Hill Companies , 2001 :215.

[ 8 ] 　Tong Shoufeng , Ruan Jin , Hao Zhihang. Noise Reducing

Scheme on Output Signal of CCD[J ] . Optics and Precision En2
gineering ,2000 ,8 (2) : 1402145. (佟首峰 ,阮锦 ,郝志航. CCD

图像传感器降噪技术的研究[J ] . 光学 精密工程 ,2000 ,8 (2) :

1402145. )

[ 9 ] 　L U R , YU T. Fabrication and Evaluation of an Oxygen Mi2
croelect rode Applicable to Environmental Engineering and Sci2
ence [J ] . Journal of Environmental Engineering and Science ,

2002 ,1 :2252235.

[ 10 ] 　Chen Xu , Shen Chao , Chan Mansun. A New Correlated

Double Sampling ( CDS) Technique for Low Voltage Design

Environment in Advanced CMOS Technology [J ] . Solid2State

Circuit s Conference , 2002. ESSCIRC 2002. Proceedings of t he

28t h European , ESSCIRC ,2002 , 9 :1172120.

[ 11 ] 　Mona Ahooie , Stuart Kleinfelder . Monolit hic Sensors for

Charged2Particle Imaging using Per2Pixel Correlated Double

Sampling[J ] . 2006 IEEE Nuclear Science Symposium Confer2
ence Record , 2006 :54258.

[ 12 ] 　Kong Moufu , Pan Yinsong , Wang Li , Zhang Renfu. Study

of a High Sensitive Readout Circuit for Integrated Elect ro2
chemical Biosensor Arrays[J ] . Chinese Journal of Sensors and

Actuators , 2007 , 20 (12) :255322557.

[ 13 ] 　Lin J u cheng , Yuan Xiang hui , Lu Guo lin etc. CMOS Image

Sensor wit h a New Type Read Out Circuit [J ] . Opto2Elect ronic

Engineering , 2007 , 34 (5) :67270. (林聚承 ,袁祥辉 ,吕果林等.

采用新型读出电路的 CMOS图像传感器研究[J ] . 光电工程 ,

2007 , 34 (5) :67270. )

潘银松 (19632) ,男 ,浙江富阳人 ,博士 ,

副教授 ,硕士生导师 ,现从事半导体光
电集成器件及集成化芯片系统 ( SOC)

技术、CMOS集成电路、传感技术及系
统和信息获取及处理技术的教学与研
究 ,panys @cqu. edu. cn

张仁富 (19842) ,男 ,江西九江人 , 2006

年至今于重庆大学攻读微电子学与固
体电子学硕士学位 ,主要研究方向为
CMOS 集成电路及 SOC 片上系统 ,

zhangrenfu @126. com

087 传　感　技　术　学　报 2009年


