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Abstract :A CMOS readout circuit for biosensor that used a new Correlated Double Sampling (CDS) circuit
was designed. The CDScircuit makes biosensor possble to obtain high senstivity and low noise features.

Smulation was carried out on a 0. &4 m CMOS process by Spectre smulator.

The dmulation results

showed that a good linear relation between input and output of the biosensor has been obtained by using

CMOS readout circuit based on CDS.
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In recent years, with the rapid development of
bio-chip ,the study of biosensors developed by leaps
and bounds and the study of the microarray biosen-
sor have been discussed by many expertst”. The
biological microelectrode is an important research
tool of bhiosensor, which mainly produces current
output , and biosensors detect and recognize the bi-
omolecules by examining the micro-current signal
forming in biologic reaction. At present, the re-
search of biological micro-sensors read out inte
grated circuit (ROIC) focused on micro-current de-
tection and sgnal processng technology, instead
of the noise suppresson of biological micro-sensors
ROIC!*® . In weak sgnal detection applications, a
critical technology is the suppression of variousin-
tegrated circuit induced noises, to enhance the out-
put sgna-to-noise ratio (SYN). The extent of
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noise suppression usually indicates the merits of
the extracted sgnal quality or the effect of the 9g-
nal process ng.

In this paper , we desgned a new type of bio-
logical micro-sensor CMOS ROIC, which used cor-
related double sampling (CDS) circuit to suppress
the noise of ROIC.

1 Biological Micro Electrode Electri-
cal Model's

The research tool of micro biosensor is micro-
electrode, as opposed to conventional electrode; it
has the advantages of high constant current dens-
ty, high sgnal to noise ratio, very small time con-
stant , low solution potential drop , etc. The polar-
ization current of micro-electrode is usually in
10" ° A order of magnitude, and even down to
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10" A order of magnitude.

A two-electrode structure of the micro-elec
trode schematic” shown as Fig. 1. The electrode
of S-substrate mainly conssts of reaction pool ,
sensor pool , working electrode (WE) , counter e

lectrode(CE) .
/ Si substrate

Reaction

Sensor pool

WE
CE
Void
FHg.1 Architecture scheme of micro electrode

According to Ref. [5] , Fig.2 displays a model
of the R-C impedance approximation for the elec
trode smplified into an equivalent lumped R-C cir-
cuit component. In Fig. 2 (a) , each consecutive
separation of working electrode and counter elec
trode fingers is represented as one series RC

branch. Fig.2(b) shows the condensed lumped R-
C model.

WE
Top
R
ohmic Electrode
? WE
O ITIT._ I
SIIT I ez e
1
Rf
R Bottom CE
ohmic Electrode
CE

(a) Model with series-connected  (b) Final lumped
R-C elements in each branch R-C model

Fig.2 R-C modeling of the micro electrode setup

2 The Sructure and Working Princi-
ple of Micro-Sensor ROIC

2.1 ROIC Working Principle

ROIC condsts of potentiostat current integral
circuit and CDSdircuit , shown as Fig. 3. With apair
of electrodes of micro-electrodes into the test solu-
tionsin a constant potential (V¢ =0.3 0.6 V) ,
and the micro-electrode produces an DC dgna I
proportional to the concentration of the solutions,
charges the capacitor Ga through Mn and forms an
integral sgnal Van proportional to the sensor current
dgnd ln. Inthe schematic, PMOS transstor Mp is
the reset transstor. We can see that the op-amp is
working in negative feedback , 0 as to maintain the
micro-electrode on a fixed bias Vi« , and ensure the

stability of the circuit. Put the integral sgnal Van
into the correlated double sampling units to carry off
noise, and then we can get low noise of the integral
dgnal.

output
—

SAd

Fg.3 Shematic of microarray hiosensor unit readout drcuit

2.2 Potentiogtat Integral Circuit

In amp-hbiological micro biosensor ROIC, the
potentiostat is an indisgpensable component. It
maintains a constant voltage to ensure the elec
trodesfor redox reactions. Meanwhile, it separates
the part of sensor and readout circuit, to ensure
the chemical reaction of the micro-electrode not to
be effected by the part of circuit.

In the system of Fig. 3, the potentiostat con-
sstsof an op-amp A and a NMOS transistor Mn.
The integral circuit contains an integral capacitor
and a reset transistor Mp. The detail potentiostat
integral circuit is shown as Fig. 4, the constant
voltage Vs is 0.5V ; the amplifier is used PMOS
transstors to be the difference input trandstor
Mp2 and Mps , which can reduce the noise 1/ f in
ROIC; Mp: is the constant current source; Mns
and Mns isthe load trand stors; C: and two trans
misson gate trans stors Mn; and Mns make up fre-
quency compensation circuit in common; Mps and
Mne are common-source amplifier stage; Mpw is a
reset transstor; C; is theintegral capacitor; Mnu
is the potentiostat NMOS transstor; Vbisthe gate
voltage of Mp: and Mps; constant current source
lo , resdstance Ro and capacitor Co are the contents
of the model of the micro-electrode.

The opening loop gain of the op-amplifier is:

_ 2 Que Qus (1)
l1ls Qs +As) Qs +As)
where gwe and gms are the transconductances of the
Mp2 and Mps , |1 and Is are the currentsof the con-
stant current source Mp: and Mpe , respectively ; A
is the channel length modulation coefficient.

The unity gain bandwidth of op-amplifier is:

B = gre/ C1 (2

The amplifier is two-stage amplifier , in which
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Potentiostat unit !

Integral unit

Fig.4 Theintegra circuit of potentiostat
capacitor and transmisson gate is used to regulate
the frequency and phase margin of the amplifier
and to ensure a good performance of the amplifier.
In a case of 2pF load, an operrloop gain of 71. 6
dB , unity-gain bandwidth of 24.6 M Hz, and phase
margin of 60° were obtained, its power disspation
isonly 0.12mW except bias circuit.

2.3 Nois Analysisof ROIC

In a micro biosensor ROIC, the noise may o-
riginates from environment , or ROIC itself. The
major sources of noise are inherent noise of the de-
vice used in ROIC, and an additional noise induced
by the circuit structure and operation modes of cir-
cuit. In ROIC, MOS is the mgjor noise source of
the device'® . There are three kindsof noisein RO-
IC asfollows:

(1) MOS transstor flicker noise which exists
inall active devices, induced by the material sur-
face dtuation and PN junction leakage current,
that is 1/ f noise. The flicker noise is more easly
modeled as a voltage sourcein series with the gate
and roughly given by!” :

2 _ K 1
Vi = oWl f 3)

where Kisaprocess dependent constant on the or-
der of 10" * V?F. C« is unit area gate oxide capaci-
tance; f isthefrequency of trandstors. The noise
spectral density isinversely proportional to thefre
quency , flicker noise is also called 1/ f noise. In
the same channel sze, the noise 1/ f of PMOS
trang stor is usually lower than that of the NMOS
trang stor.

(2) The reset noise KTC induced by circuit
structure and operation mode of the circuit , whose
val ue of squared voltage is'®

KT
c (4

Because of Vv = Q/ C= ng C,the equivalent elec
tron number produced by KTC noiseis:

n= JKTC/q (5)

Vi =

where KisBoltzmann constant, Tistemperature,
Cis head amplifier input capacitance (the total sum
of capacity values, that involve the integral capaci-
tance and parasitic capacitance in the integra am-
plifier) , Qisthe two-terminal quantity of electrici-
ty of C,qis electronic charge.

(3) Material and deviation of micro-electrode
formed Sze caused by manufacture process can
bring a constant deviation noise. Itseffect could be
illustrated by oxygen dissolved micro-electrode,
which is the most common current micro-elec
trode, and the output current is given by'” :

NFASnDm Po,

in = 7 (6)
where nis number of electrons involved in the re-
duction reaction, Fis Faraday constant , A iscath-
ode area, Po, is oxygen partial pressure, Zm is
membrane thickness, and S» and D are solubility
coefficient and diff usion coefficient of oxygenin the
membrane, respectively. We could see that the mi-
cro-electrode output current lin is relative to micro-
electrode manufacture, and the material fabrication
deviation could bring relating noise to ROIC.
2.4 Correlated Double Sampling Circuit Design

In ROIC, CDStechnology isthe most success
ful technology to restrain noise. The CDScould re-
duce the 1/ f noise and KTC noise of ROIC' . In
this paper , we proposed a novel CDScircuit , to re-
duce the noise of micro biosensor ROIC.

The CDScircuit is shown as Fig.5. The trans
misson gate of MOS transstor Mpz and Mnus are
the sampling switch of CDS unit, and the comple
mentary dgnal of Sample and Sample are CDS
sampling pulse; Cs is the capacitor stahilizing voltage
A; Ciisthe holding capacitor of CDS; Mmua isout-
put voltage clamping transstor , and Rst is clamping
pulse used to multiplexing with integral pulse; the
urce follower condgsting of Mpis and Mpss is the
output stage of CDS, and Vb is the gate voltage of
Mpss ; Gs isoutput load capacitor. The CDS cdircuit
inLiterature[ 11] isislated from thefront circuit by
N source follower , sampled by a NMOS trand stor
switch , and the PMOS clamping trand stor connects
with power supply , whose output isa N source fol-
lower. Inthe Fig. 5, used transmisson gate as the
sampling switch between the integral unit and sam-
pling unit instead of source follower , whose sample
will not miss threshold voltage ,voltage A can have a
great dynamic range; an NMOS trang stor was used
as the clamping trand stor , and source follower con-
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gstsof PMOS trandstors, 0 1/ f noise lower in the
circuit; in Ref. [12], the switch of complementary
time sequence is achieved by a inverter ,and the in-
verter isin the circuit of CDS. Theinverter was used
in the time sequence circuit in this desgn instead of
that in CDS to save the layout area in micro-array ;
the clamping pulse multiplexes with the integra
pulse, 0 asto cut out the digital clock circuit.

Sample~
Mp,zl
v, A 4B
Mn, | _vr G
Sample

Fg. 5 Circuit diagram of the corrdated double sample unit

Set Rst to high level and turnon M. When
integral signal achieved, the sgnal Sample turns
off the transmisson gate at the moment T:. And
then, the voltages of capacitor C, are:

Vi(T1) = Vet + Van + Vioise (7
V2(Tw) =0 (8)

At the moment T, Rst isin low level , Mnu
is turned off. Sample turns on the transmission
gate, the reset sgnal Rst reset the integral capaci-
tor to Vu , voltage V2 ( T2) is send to P source fol-
lower unit , at the moment ,

Vi(T2) = Vi + Vg + Viiee (9)

According to the principle of charge conserva
tion, the charge of the coupling capacity Cs could
not change abruptly , s0:

G(Vi(Ti) - V2(T1)) = G(Vi(T2) - V2(T2)) (10)

The output signal V2 (T:) of CDSis:

V2(T2) = Vi(T2) - Vi(T1) +V2(T1) =
(Vaa + Vie + Viie) - (Ve + Van + Voie) = Vad - Vant

(11)

The equation shows that the noise sgnal V wis
is neutralized by CDScircuit , the output signal V:
isjust that Va subtractsintegral sgnal Van. Thus
CDScircuit could reduce the noise of ROIC effec
tively.

Furthermore, this CDS circuit has the advan-
tage of smple structure; fewer transistor and low
power consumption, etc.

3 Simulation Results

The ROIC design based on 0. 6y m CMOS
technical BSIM3V 3 model , which used Spectre enr
ulator of Cadence to smulate. Thecircuit used Sn-
gle 5V source to supply power , theintegral capac-

itance C: is 2 pF, the constant capacitance Cs is 2
pF, and the CDS holding capacitance C.is 0.8 pF.
The timing of circuit is shown as Fig. 6, the inte-
gral time is 350U s, and the sampling time is 340
M s.

6.0 Rst

1.25 1.5 175 2.0
time/ms

Fig.6 Thetimingof CDS

The output current of biosensoris0 50 nA
and 10 nA per step. The parameter sweep of inte
gral voltage sgnal of integral capacitor Cz is shown
in Fg. 7, in which results show a good linearity,
and the output voltage signal of integral capacitor
has a great dynamic range (0 5 V) ; in the Ref.
[13], the output wave of smulation have no uni-
formly- spaced effect , no obvious effect. The smu-
lation results of CDS circuit of Fig.5 is shown in
Fig.8, the output is square wave, and the output
changed almost synchronizes to the input signals.
This shows that the CDS holding circuit has a good
responsveness to integral voltage.

5.0 OnA
......... \\ fitofici
4.0 === 10nA
i
> 3.0 20nA
(=3
=
2.0 30nA
1.0 40nA
0 50nA

500.0 550.0 600.0 650.0
time/us

Fig.7 Smulation resultsof integra circuit

5.0 ——r S0nA
i 40nA

4.0
- 300A
2 3.0 LL2-20nA
2ot 10NA

2.0
=L OnA

1.0

1.635 1.645  1.655 1.665

time/ms

Fig.8. Smulation resultsof CDS

The table 1 showed a relation between output
and input of tradition sampling circuit and CDScir-
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cuit.
Tablel The relation between output and input of tradi-
tion sampling circuit and CDS circuit
1(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

Vo (V)

The curvilinear equation between input and

output of table 1 is analyzed by cubic polynomial
fitting method usng Matlab:
Va =0- I°-0.0003- 1> - 0.0629- | + 3.7449 (12)
Ve = 0- I° +0.0001- I° +0.0649 - | + 1.4755 (13)
where | isthe output current of biosensor , Va and
Ve are output voltage of tradition sampling circuit
and CDS circuit of ROIC. From the above equa
tion, it iseasy to know that the CDSfitted curveis
more likely a straight line, and the output trander
voltage of micro biosensor ROIC presents a good
linear relationship at the range of 0 to 50 nA of bi-
ological current, a wide dynamic response range
and an output swing of greater than 3 V are also
obtained.

4 Conclusion

Based on 0. 64 m CMOS technique, desgned a
new ROIC for micro biosensor, and analyzed its
every module. Inorder to suppress the noise of mi-
cro biosensor in CMOS ROIC and improve the
quality of biological detection, a novel CDS circuit
was proposed. The smulation results by Spectre
show that the circuit can reduce noise as normal
CDScircuit. And the CDS circuit also has many
other advantages such as smple structure, fewer
transstors etc. It can be used for micro biosensor
and will have a good utility val ue.

Ref erences

[1] HeMinjuan, Cui Huali. Current Development of Microarray
Hectrochemical Biosensors[J]. Progressin Modern Biomedi-
cine, 2006 ,6(8) :66-68. ( , .

[J3]. ,2006 ,6(8) :66-68.)

[2] Amit Core, Shantanu Chakrabartty, Sudeshna Pal etc. A
Multichannel Femtoampere- Senstivity Potentiostat Array for

(1963) , ' )

CMOS

,panys @cqu. edu. cn

[3]

[4]

(5]

[6]

[71]

(8l

(9]

[10]

[11]

[12]

[13]

Biosensng Applications[J]. Circuits and Systems |: Funda
mental Theory and Applications, |EEE Transactions on,
2006 ,11: 2357-2363.

Di Wang,Zhang Guoxiong,Li Xingfel. Desgn Method of 3-D
Active Slicon Neural Microelectrode Biosensor Based on
MEMS Technology[ C]// Intelligent Control and Automation,
2006. WCICA 2006. The Sxth World Congress, 2006, 2:
8344-8348.

Chao Bian, Xia Shanhong, Xu Yuanyuan,etc. A Micro Am-
perometric Immunosensor Based on Two Electrochemica Lay-
ers for Immobiliziing Antibody [J]. Sensors, 2005 |IEEE,
2005 ,11:416-419.

Rezaul Hasan SM. Stability Analyssand Novel Compensation
of a CMOS Current- Feedback Potentiostat Circuit for Hectro-
chemical Sensors[J]. Sensors Journd , |EEE, 2007,5: 814
824.

Liu Chengkang, Yuan Xianghui , Zhang Xiaofei. Fixed Pattern
Noise and Its Suppresson in CMOS ROIC[J]. Semiconductor
Optodectronics, 2002 ,23(3) : 170-173. (

.CMOS [J].
2002, 23(3) :170-173.)

Behzad Razavi. Desgn of Andog CMOS Integrated Circuit
[M]. The McGraw- Hill Companies, 2001 :215.

Tong Shoufeng, Ruan Jin, Hao Zhihang. Noise Reducing
Scheme on Output Sgnal of CCD[J]. Opticsand Precison En-
gineering ,2000 ,8(2) : 140-145. ( , . CCD

[J]. ,2000,8(2) :
140-145.)
LU R, YU T. Fabrication and Evaluation of an Oxygen Mi-
croelectrode Applicable to Environmental Engineering and Sci-
ence [J]. Journa of Environmental Engineering and Science,
2002 ,1:225235.

Chen Xu, Shen Chao, Chan Mansun. A New Correlated
Double Sampling (CDS) Technique for Low Voltage Desgn
Environment in Advanced CMOS Technology [J]. Solid-State
Circuits Conference, 2002. ESSCIRC 2002. Proceedingsof the
28th European ,ESSCIRC,2002, 9:117-120.

Mona Ahooie, Stuart Kleinfelder. Monolithic Sensors for
Charged- Particle Imaging usng Per-Pixel Correlated Double
Sampling[J]. 2006 |EEE Nuclear Science Symposum Confer-
ence Record, 2006 :54-58.

Kong Moufu, Pan Yinsong, Wang Li, Zhang Renfu. Study
of a High Senstive Readout Circuit for Integrated Electro-
chemical Biosensor Arrays[J]. Chinese Journd of Sensorsand
Actuators, 2007, 20(12) :2553-2557.

Lin Ju cheng, Yuan Xiang hui , Lu Guo lin etc. CMOS Image
Sensor with a New Type Read Out Grcuit[J]. Opto- Hectronic
Engineering, 2007 , 34(5) :67-70. ( , , .

CMOSs [3]. ,
2007, 34(5) :67-70.)

(1984) , ,

,2006

CMOs
zhangrenfu @126. com

SOC ,



