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A low noise and high uniformity readout
integrated circuit for IFPA applications
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Abstract: This paper proposed a readout integrated circuit ( ＲOIC) with high uniformity and low-noise，by mitiga-
ting the fixed patter noise ( FPN ) of Infrared focal plane arrays ( IFPA ) to acquire high-quality infrared images．
The row shared gain-controlling NMOS transistors are adopted in front-end circuit to reduce the pixel FPN． Further-
more，a novel correlated double sampling ( CDS ) structure is proposed to reduce the column FPN． Based on the
simulation results，a 16 × 16 experimental chip has been manufactured adopting AMS 0． 35 μm CMOS process．
Extensive experiments have been implemented to verify the function and performance of the proposed readout cir-
cuit． The test results demonstrate the ＲOIC with the inherent advantages of low FPN and high uniformity，which
makes it suitable for the application of high performance IFPA．
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一种用于非制冷红外焦平面阵列的低噪声高均匀性读出电路

周 同1， 何 勇1* ， 赵 健2， 姜 波1， 苏 岩1*

( 1． 南京理工大学 机械工程学院，江苏 南京 210094;

2． 清华大学 电子工程系，北京 100084)

摘要: 提出了一种高均匀性低噪声的读出电路，该电路通过抑制非制冷红外焦平面阵列固定模式噪声，从而可

实现高质量的红外图像． 该电路前端采用了行共享的增益可控 NMOS 管抑制像元固定模式噪声，同时采用了

新型的相关双采样电路抑制列固定模式噪声． 在仿真基础上，采用了 AMS 0． 35 μm CMOS 工艺完成了 16 ×
16 像元芯片的制备． 对芯片的大量测试结果表明提出的读出电路可以有效地降低非制冷红外焦平面阵列的

固定模式噪声，同时具有高均匀性的特点，适用于高性能非制冷红外探测器．
关 键 词: 读出电路; 固定模式噪声抑制; 相关双采样; 高均匀性

中图分类号: TN432 文献标识码: A

Introduction

A readout integrated circuit calculates the infrared
radiation on the focal plane and transmits the signal to
image manipulation circuit［1-4］． Ｒeducing or restraining
the readout noise can increase the signal-noise-ratio，
leading to improve the quality infrared image［5-6］． There

are mainly two kinds of noise in the readout circuit: the
devices intrinsic noise ( MOSFET device，etc． ) and the
additionally noise introduced by the operational mode the
circuit structure． The former is mainly contributed by the
l / f noise，and the latter basically behaves the fixed patter
noise ( FPN) ［7-9］． FPN consists of pixel FPN and column
FPN，which is classified according to genesis． Pixel FPN
is caused by the mismatch in the semiconductor manufac-
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turing process of the transistor parameters ( such as
threshold voltage of transistors，gain，W，L，etc． ) ，
while the column FPN is brought about by column read-
out circuits． FPN can deteriorate images quality by cau-
sing vertical and spots stripes，which is irrespective to
the light intensity． Therefore，it is important to suppress
FPN to improve the ＲOIC performance［10-14］．

A widely accepted technique reducing the FPN is
CDS［15-17］，which works by two steps，firstly，storing the
noise on one clock phase，and then subtracting it at the
following clock phase． This operation virtually eliminates
FPN noise at the outputs of the circuit［18-20］． However，
the conventional CDS circuits suffer from two main de-
fects． One is that the pixel FPN caused by mismatch in
the pixel circuit cannot be reduced，and the other is that
both amplifier and the capacitors are widely adopted to
fulfill the amplified FPN suppression functions，which
will inject the additional noise and increase the chip size
in conventional CDS technique．

Another method to reduce the FPN is pixel calibra-
tion technique［21-22］． In this approach，FPN calibration is
implemented by gain control transistors controlled by on-
chip DAC，which consumes large chip size and increase
the complexity． In addition，the temperature response
and uniformity are inevitably serious degenerated by the
gain control transistors variation threshold voltage．

This paper presents a readout circuit structure to
solve the above mentioned problems． FPN is reduced by
two ways in this novel readout circuit． First，the row
shared gain-controlling NMOS transistors and stable dark
current suppression circuits adopted in front-end circuit
can reduce the pixel FPN． Second，a novel CDS struc-
ture with signal capacitor is also proposed，which can re-
duce the column FPN introduced by amplifier offset
noise． The proposed ＲOIC is featured with low FPN，
high signal-noise ratio ( SNＲ) ，high uniformity and small
chip area of the CDS structure．

1 Circuit structure descriptions

1． 1 Circuit architecture
The proposed ＲOIC consists of an M × N pixel bias

array，dark current suppression unit， current-voltage
conversion unit，signal capacitor CDS unit，and output
unit ( Fig． 1) ． An active pixel array connected to the M
× N bias array responds to infrared radiation． The cur-
rent directly proportional to the changed resistance is
then generated as an infrared radiation signal，including
the radiation-generated current and the dark current．
These current signals are read out by the readout inter-
face and transferred to the dark current suppression unit
subsequently． Dark current is then suppressed by the
dark current suppression unit． The current-voltage con-
version is located at the end of each column，which is
implemented by a column shared capacitor trans-imped-
ance amplifier ( CTIA) ． The CTIA performs the current-
voltage conversion by integrating． The column shared
CDS stage is proposed to reduce the FPN，which saves
the active pixel and reference signals，and effectively de-
creases the noise through differential output existing in
both the active and reference signals in sequence． Final-
ly，the output circuit transfers the output signals to the

following part of the IFPA signals processing system．

Fig． 1 Ｒeadout circuit architecture
图 1 读出电路结构

1． 2 Novel FPN suppression method
1． 2． 1 Front-end circuit

The front-end circuit generates the bias voltage ap-
plied to the bolometer pixel and converts the pixel resist-
ance changes to the current changes． The output current
non-uniformity is one of the most concerned parameters，
which directly influences the IFPA image quality． Taking
into account of improving the non-uniformity of the cir-
cuit，the front-end circuit is proposed in Fig． 2．

It is composed by pixel bias array，dark current
suppression unit，and current-voltage conversion circuit．
The main property of the pixel bias array circuit is to bias
the bolometer，and respond to the infrared radiation by
resistance change． The pixel array is biased by a voltage
through a MOS transistor MN1． The detection current can
be obtained:

ID = 1
2 μnCOX

WMN1

LMN1
( VEB － IDＲD － VTH ) 2

， ( 1)
where WMN1 is the width of the MN1，LMN1 is the length of
the MN1，VTH is the threshold voltage of the NMOS tran-
sistor，COX is the capacitance per unit of the transistor，is
the mobility of the electron，ＲD is the resistance of the
micro-bolometer． Figure 2 also shows the pixels in the
same column have the same variations of VTH，not affect-
ed by the row-to-row VTH variations［19］，which will im-
prove the output non-linearity．

However，the dynamic range and the charge storage
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capacity are limited by the dark current，which should be
skimmed before the integration stage for applications in
high background radiation condition．

The dark current suppression circuit is composed of
a PMOS device MP1，a dark resistor ＲB and a high-gain
differential amplifier ( AMP2 ) ． MP1 is used to bias and
sense the bias resistor ＲB ． AMP2 is connected between
the MP1 gate node and the bias resistor node． The bias
voltage can be stabilized to VGSK due to the deep negative
feedback of the amplifier． The compensation current IB
can be expressed as:

IB =
VCC － VGSK

ＲB
， ( 2)

where ＲB is the bias resistance to match the active pixel，
which is shielded by a blind mask，not influenced by in-
frared ray． Adjustable bias voltage VGSK is generated by
programmable digital to analog converter ( DAC) outside
the chip． So the detector current can be obtained:

II = ID － IB ． ( 3)
The differential current II is then integrated in CTIA

located at the end of each column．
Due to row shared gain-controlling NMOS transistors

MN1 and stable compensation current generated by the bi-
as voltage VGSK，this circuit has a good high-uniformity
and low FPN．

Fig． 2 Proposed FPN suppression circuit
图 2 固定模式噪声抑制电路原理图

1． 2． 2 Improved single capacitor CDS circuit
In order to reduce the FPN noise caused by column

readout circuits，a novel CDS structure with signal ca-
pacitor is proposed． Single capacitor CDS circuit consists
of source follower ( MP10，MP11，MP12 ) ，CDS capacitor
( CCDS ) ，sampling switch ( TG1) ，reset switch ( MP13 ) ，
output voltage follower ( MP14，MP15，Mn8，Mn9，Mn10 ) ，
and column select phase switch ( TG2) ( Fig． 3) ．

Figure 4 shows the timing waveforms for the pro-
posed readout structure of the CDS circuit． The sequen-

cer on chip generates all digital signals necessary for a
synchronous ＲOIC operation． CDS circuit realizes its ca-
pabilities through two periods: ( I) one clock before inte-
gration completion，CＲES goes at low level，MP13 turns
on，The B point of CCDS is charged by reference voltage
VCOM． SAMP turns from high level to low level，TG1
turns on，source follower ( MP10，MP11，MP12 ) start to
take effect． ( II ) After the integration completes，INT
( control signal for Sint，Fig． 2 ) turns to high，the inte-
grator output voltage is set to VCOM，before that，CＲES
turns from low to high，the B point of CCDS is suspended．
At stage ( I) ，the voltage of A and B point can be ob-
tained as follows:

VA ( I) = Vsig + VSG，Mp12 + Voffset + Vnoise1 ， ( 4)
VB ( I) = VCOM ． ( 5)

In Eq． ( 4 ) ，Vsig = VCOM －
IIT
C int

is integrator output

signal，VSG，Mp12 is MP12 source-gate voltage，Voffset is AMP1
offset voltage，Vnoise1 is noise introduced by FPN noise of
integration circuit．

At stage ( II) ，CＲES turns from low to high，which
lead to the B point of CCDS be suspended． INT turns to
low after that，the integrator circuit is reset，as the char-
ges across the capacitor CCDS cannot be mutated:
CCDS{ VA ( I) － VB ( I) } = CCDS{ VA ( Ⅱ) － VB ( Ⅱ) }

． ( 6)
At stage ( Ⅱ) ，the voltage of A and B point can be

obtained as follows:
VA ( Ⅱ) = VCOM + VSG，Mp12 + Voffset + Vnoise2

． ( 7)
It should be noted that，due to the dominant noise is

low-frequency noise induced by the focal plane array，
there is significant correlation between the two sam-
plings，so Vnoise1≈Vnoise2 can be formulated，we can thus
obtain:

VB ( Ⅱ) = 2VCOM － Vsig . ( 8)

Using Vsig = VCOM －
IIT
C int

in Eq． ( 8) we obtain:

VB ( Ⅱ) = VCOM +
IIT
C int

． ( 9)

As seen from Eq． ( 9) ，the FPN noise has been e-
liminated by charge transfer when sampling completed．
The voltage response to radiation is stored in capacitor
CCDS，which is irrelevant to the offset voltage Voffset ．

The FSYNC and DATAVALID are output pins indi-
cating the output data status which are also controlled by
the internal sequencer． The frame synchronization
FSYNC denotes a new frame，while DATAVALID indi-
cates a new row． When DATAVALID goes high，the col-
umn select phase ( COL1-COLN) is enabled serially to
sample the voltage signals one column after another，and
transfer them to the output stage．

2 Experiment results

The HSPICE simulations are performed for AMS
0. 35 μm 2P4M process． Figure 5 shows the simulation
of integrator output voltage with different input current，
sweeps from － 70 nA to 70 nA． The simulation is imple-
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Fig． 3 Proposed single capacitor CDS circuit
图 3 单电容相关双采样电路原理图

mented at 5 V power supply，58 μs integration time and
3． 75 pF integration capacitor． Figure 5 shows the inte-
gration circuit with performance of the high linearity and
nearly rail to rail output swing．

Fig． 4 Timing waveforms for the proposed circuit
图 4 读出电路时序逻辑图

Figure 6 shows simulation waveforms of point A，B
and C in Fig． 3 with 15 nA input current． It also indi-
cates how CDS circuit works． During stage ( I) ，the out-
put signal of the integration node ( C) is sampled on the
point A ( VA ) at the end of integration phase which is
held until the stage ( II) ． The voltage of point B ( VB ) is
equal to the VCOM because CＲES is set at low level，
MP13 is on，which makes point B connected to the refer-
ence voltage ( VCOM ) ． In stage ( I) ，VA is 2． 299 V and
VB is 2． 50 V． In stage ( II) ，MP13 is set off firstly which
causes the point B suspended． In stage ( Ⅱ) ，point A is
connected to the negative of the AMP1，so VA is changed

Fig． 5 Parametric sweep and its performance analysis
waveforms on the integration node of one unit cell
图 5 对一个单元的积分器进行参数扫描和性能分析
的仿真波形

to 2． 963 V． Since the capacitor CCDS charge cannot be
mutated，VB is changed to 3． 162 V． During the CDS
stage，FPN of integration unit and the source-gate voltage
of MP12 ( see Fig． 3) are eliminated effectively．

Figure 7 shows the noise spectral density of the
front-end circuit，the noise is simulated under the condi-
tions of zero input to remove the effect of the input cur-
rent． As shown in Fig． 7，the low frequency noise is in
leading side，and the ＲMS noise of the front-end circuit
can be calculated through integration in effective band-
width range，which is 7． 196E-11 A． To estimate the
output noise of the proposed circuit，sampling is per-
formed at the output note，and then the noise spectral
density can be calculated as shown in Fig． 8，in which 0
dB is defined to be 1 V2 /Hz，and the ＲMS noise is
0. 024 mV． The corner simulation is also performed to
estimate the FPN suppression effect，the conditions of

462



3 期 ZHOU Tong et al: A low noise and high uniformity readout integrated circuit for IFPA applications

Fig． 6 Simulation waveform with 15 nA input current
图 6 15 nA 电流输入条件下的仿真波形

corner simulation is shown in Table 1． We choose five
different threshold voltages of NMOS and PMOS as the
corner simulation conditions． Figure 9 shows the simula-
tion results． The FPN introduced by the threshold volta-
ges can be well suppressed with proposed CDS circuit．

Fig． 7 Noise spectral density of front-end circuit
图 7 前端电路噪声谱密度曲线

Fig． 8 Noise spectral density of outputs
图 8 输出端噪声谱密度曲线

Figure 10 shows the die photo of the 16 × 16 ＲOIC
chip which is fabricated under AMS 0． 35 μm CMOS
process and the evaluation board of the chip． A unit cell

Table 1 Conditions of corner simulation
表 1 工艺角仿真条件

Conditions VTH ( NMOS) VTH ( PMOS)

TT 552 mV －649 mV
FF 503 mV －598 mV
SS 605 mV －694 mV
FS 503 mV －694 mV
SF 605 mV －598 mV

consumes a 30 μm × 25 μm area and less than 0． 05
mW power． The power supply for the chip is 5 V． The
compensation current and bias current are globally cali-
brated by the adjusting control voltages，VGSK and VEB，u-
sing the discrete 16 bit DAC ( AD5541 ) ． The reference
voltage of integration and CDS circuits is supplied by the
2． 5 V reference source ADＲ421． In order to obtain the
chip parameters such as injection efficiency，output line-
arity and FPN suppression performance，high precision
current source is used to generate the DC current simula-
ted as the infrared current． 24 bit ADC ( ADS1258 ) is
implemented to convert the output voltage to the digital
signal，and the output signal can also be observed by the
oscilloscope． The overall timing and control sequences
are generated using FPGA connected with the evaluation
board by the pin connector．

Fig． 9 Corner simulation results
图 9 工艺角仿真结果

Fig． 10 The evaluation board of the chip
图 10 芯片评估电路板

Figure 11 shows the measurement waveform of the
readout chip． The red waveforms is the output of the
NODE A，and the blue waveforms is the output of the
NODE B． The test curves coincide well with the simula-
tion curves，which also validate the soundness of the pro-
posed ＲOIC．
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Fig． 11 Measurement waveform for the voltage signals with
15 nA input current
图 11 15 nA 输入电流条件下电压信号测试波形图

The output noise measurement was performed by
reading a 16 × 16 array 1 500 times and performing noise
power density． Data acquisition is delayed by 10 s to sta-
bilize the array after one frame data acquisition comple-
tion． Pixels in four rows are simultaneously measured in
order to accurately evaluate the ＲOIC noise ( Fig． 12 ) ．
Low frequency noise is in leading side in output noise，as
the CTIA is a low pass filter with the band-width half of
the reciprocal of the integration time． The integration
time is set to 30 μs in the experiment，so the band-width
is 16． 7 kHz． Additionally，the maximum measured root
mean square noise ( 0． 01 ～ 1 Hz) is 0． 178 mV ( Ｒow
Two) ．

Figure 13 shows the measured output linearity． Ex-
tend blackbody is used to simulate different temperature
target，with temperature range from － 10℃ to 80℃ ．
The integration time is set to 58 μs with 3． 75 pF integra-
tion capacitance． Figure 10 indicates that the proposed
structure possesses better than 99% linearity with output
voltage swing from 0． 53 V to 4． 38 V，under temperature
range from 5℃ to 70℃ ． We can also calculate that the
voltage responsivity is 59 mV /K．

Figure 14 shows the 16 × 16 ＲOIC FPN test results
by blackbody calibration． The 16 × 16 pixel micro-bo-
lometer was placed at 30 degrees blackbody environment
without infrared radiation． Ｒequired timing waveforms
were generated by FPGA，and high-precision data acqui-
sition system was used to measure the output voltage．
Figure 14 ( a) is the test results of the proposed ＲOIC
without CDS circuit，it can be seen from the figure the
circuit has a large FPN noise because the offset voltage
have a great influence on the results． Figure 14 ( b) is
the test results of the ＲOIC with proposed CDS circuit．
The max-min output non-uniformities caused by FPN，
with the conventional and proposed readout integrated
circuit are 16 mV and 3． 5 mV，respectively． The pro-
posed scheme output non-uniformity is reduced to 22 %
compared to the conventional scheme． It can be seen
from the figure that the FPN noise can be significantly
suppressed with proposed row shared gain-controlling
NMOS transistors and single capacitor CDS circuit，the
focal plane could exhibit a better uniformity．

Some key parameters of the chip are measured，and
the comparison between this work and other ones of the

Fig． 12 Measurement of the output noise spectrum，
( a) output noise spectrum of row one，( b) output
noise spectrum of row two，( c) output noise spec-
trum of row three，( d ) output noise spectrum of
row four
图 12 电路输出信号噪声功率谱，( a) 第一行像
元输出噪声功率谱，( b) 第二行像元输出噪声功
率谱，( c) 第三行像元输出噪声功率谱，( d) 第
四行像元输出噪声功率谱

literature is listed in Table 2． As shown in Table 2，the
test results demonstrate the ＲOIC with the inherent ad-
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Fig． 13 The linearity measurement results of the
designed circuit
图 13 读出电路线性度测试结果

vantages of low noise and high dynamic range． Further-
more，benefit from the proposed two-step FPN suppres-
sion method，the fixed patter noise is also significantly
reduced．

3 Conclusions

This paper proposes a ＲOIC which could dramatic-
ally decrease the FPN caused by pixel noise and column
mismatch． The ＲOIC consists of an M × N pixel bias
array，dark current suppression unit， current-voltage
conversion unit，signal capacitor CDS unit，and output
unit． The inherent advantages of low noise and high uni-
formity make the proposed readout circuit fit for the ap-
plication of the high uniformity and high performance IF-
PA．

Table 2 Comparison between this work and existing ＲOICs
表 2 测试性能对比表

Performance Capability Ｒef． ［14］ Ｒef． ［17］ Ｒef． ［22］
Technology SMIC 0． 18 μm 1P6M CMOS 0． 35 μm 2P4M CMOS CMOS 0． 35 μm 2P4M CMOS
Pixel size 30 μm ×25 μm 50 μm ×50 μm 15 μm ×15 μm 35 μm ×35 μm
Format 16 × 16 128 × 128 640 × 512 64 × 64

Power supply 5 V 3． 3 V 3． 3 V 3． 3 V
Power dissipation 13． 2 mW 16． 5 mW 120 mW

Linearity ＞ 99% 99%
Output voltage swing 3． 85 V 1． 4 V ≤ 2． 0 V

Ｒesponsivity 59 mV /K 6． 4 mV /K
Output noise 0． 178 mV rms 0． 205 mV rms 0． 631 mV rms
Dynamic range 84． 6 dB 80． 9 dB /95． 4dB 74． 3 dB

FPN Ｒeduced to 22 % Ｒeduced to 26 %
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