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This paper  introduces  the  design  of  an  application  specific  integrated  circuit  (ASIC).  It  will conduct  the
image  processing  for  photoelectric  image  sensor  charge  coupled  device  (CCD).  The ASIC can  convert
the  analog  signal  of CCD  into  a  suitable  digital  signal,  which  is  used  as  the  input  for  the  next  stage.  To
realize  the  ASIC,  a two-channel  analog  to  digital  converter  (ADC)  with  the  speed  of 40  MS/s-100  MS/s
and  a low  voltage  differential  signaling  (LVDS)  has  been  proposed.  In  the ASIC,  the  correlated  double
sampling  (CDS)  has  been  integrated  into  the  programmable  gain  amplifier  (PGA).  A  novel CDS  circuit  is
employed  to  reduce  the  amplifier  gain  error.  The  unique  design  reduces  the  size  of  ASIC by sharing  the
same  operational  amplifier  (OPA)  block.  In  the  low  sampling  rate of  40 MHz,  the  spurious-free  dynamic
hotoelectric sensor
DS
CD

mage

range  (SFDR)  is  larger  than  91  dB,  and  the signal-to-noise-ratio  (SNR)  is more  than  79  dB.  In  the  high
sampling  rate  of 100  MHz,  the  ADC  achieved  a high  SFDR  of  92.2  dB  and SNR  of  81.47  dB.  With a  0.13-�m
1P-6M  CMOS  process,  the  ASIC  only  occupies  on  the  die with  a size  of  21.16  mm2.  With  the  power  supply
of  3.3  V  and  1.8  V, the  power  consumption  is  as  low  as  405  mW.  By  using  the  ASIC with  the  specially
designed  ADC,  the  saturated  output  image  reaches  a high  SNR of  52.2  dB.

© 2018  Elsevier  B.V.  All  rights  reserved.
. Introduction

CCD is a kind of photoelectric image sensor, which can convert
ptical signals into electrical signals [1]. With the advantages of
igh light quality, small volume, low power consumption, large
ynamic range, high-precision, and long service time, CCD has been
idely used in space remote sensing observation system, earth

bservation and other fields [2].
The time delay integral (TDI) CCD is a type of plane array image

ensor, which is used in line-scan mode. It can repeatedly capture
he same scene image, increasing the responsiveness of targets.
ecently, spatial optical remote sensing imaging technology with

ow power consumption and high precision has been paid more and
ore attention. The traditional design method has not achieved

3–5]. For some particular application requirements, we can inte-
rate with some special circuits to achieve. This type of imaging
rocessing circuit emphasizes high dynamic range and low SNR

erformance.

In this paper, we integrate two specific circuits to conduct the
mage processing for photoelectric sensors. The first one is based

∗ Corresponding author.
E-mail addresses: szy shine@foxmail.com (Z. Sun), mrzhangda@126.com.cn

D. Zhang), Fangw@ciomp.ac.cn (W.  Fang).

ttps://doi.org/10.1016/j.sna.2018.06.014
924-4247/© 2018 Elsevier B.V. All rights reserved.
on the ADC, which increases the correlated double sampling circuit.
The second one is based on a serial LVDS, which exports digital sig-
nals. Both circuits are fully integrated to form an image processing
circuit. The circuit should be able to convert the analog signals of
CCD to the most proper serial LVDS digital signals. This way, digital
signals can be quickly received by the back-end. The ADC  part is the
most challenging circuit so that this paper will mostly introduce the
ADC circuit [6]. Among various ADC architectures, the pipeline ADC
is widely used in Nyquist-sampling applications. The pipeline ADC
cannot only achieve high-resolution but also has a high through-
put. This work describes the design of a 14-b pipeline ADC with 100
MS/s in a 0.13-�m CMOS process.

The following section of this paper introduces the TDI CCD
image system and discusses the challenges of the system. Section
3 presents the analysis and design of a specific integrated circuit.
Section 4 presents and discusses experimental results of the circuit
itself and the imaging system by using the circuit. Finally, conclu-
sions are given in Section 5.

2. Image system
2.1. TDI CCD structure and theory

TDI CCD image detector is a type of plane array structure sensor
with line-scan output mode. It has the function of doing multiple

https://doi.org/10.1016/j.sna.2018.06.014
http://www.sciencedirect.com/science/journal/09244247
http://www.elsevier.com/locate/sna
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sna.2018.06.014&domain=pdf
mailto:szy_shine@foxmail.com
mailto:mrzhangda@126.com.cn
mailto:Fangw@ciomp.ac.cn
https://doi.org/10.1016/j.sna.2018.06.014
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Fig. 1. TDI CCD ima

eries of time-delayed integral. There are four spectral zones in TDI
CD image sensor. One is panchromatic spectral zone, and others
re multi-spectral zones. There are 96 lines of pixels in the panchro-
atic spectral zone and 6144 pixels in each line. That means the

anchromatic spectral zone has 96 stages of time delay integration.
he charges of the sensor are along the direction of the stages to
ccumulate electric charge. Integral series from Level 1 to level 96 is
rdered from the bottom up. With the movement of remote sensing
amera, the integral series from level 96 to level 1will be exposed
maging in turn. Charges accumulate from level 96 to level 1 step-
y-step to form charge packet. Finally, the charge packet transforms

nto the shift output register of the TDI CCD image sensor. At the
oment, the amplitude of output signal is the accumulated value

f 96-pixel charges, just like that a pixel generates the charge quan-
ity of 96 times integration period. The amplitude of output signals
ncrease by 96 times, but the noise only increases to 961/2 times.
hus, the SNR of M stages integral series TDI CCD image sensor was
mproved by M1/2 times compared to the conventional linear CCD
mage sensors.

.2. TDI CCD image system

A high-speed multispectral TDI CCD sensor focal plane imaging
ystem is shown in Fig.1. The system mainly includes multispec-
ral TDI CCD sensor, drive unit, a bias unit, power unit, ASIC unit,
equence unit, control unit, and interface unit. The primary purpose
f ASIC unit is to convert the analog signals from the output of the
ensor to appropriate digital signals.

TDI CCD sensor converts the optical signals to the analog volt-
ge signals [7–9]. The drive unit produces many drive signals to
nsure that the sensor can work in normal condition. Bias unit and
ower unit supply the suitable voltages to the sensor. The ASIC unit

s used to process sensor analog signals by the CDS, dark level cor-
ection, and ADC. The sequence production and control unit is used
o produce the correct work timing signals for the TDI CCD sensor,

erge and package the image data [10,11]. The RS422 interface unit
ommunicates with a control platform. The high-speed transceiver
hanges parallel digital image data into serial LVDS imaged data
nd sends it to the display platform.

At the same time, the control and display platform receives
mage data from the high-speed transceiver. It is also communi-

ating with the imaging system by the RS422 interface unit. The
maging system uses the FPGA as the control core. The system needs
o receive and process multi-channel high-speed image data and
end high-frequency parallel image data to the transceiver. The
tem block diagram.

Xilinx XC5 VLX50 T is utilized as the processor, which has high-
speed processing capability and enough I/O resources. The imaging
system is based on the principle of the time-division multiplex
to complete disposing and merging multi-channels image data
onto the FPGA. The high-speed transceivers recompose the merged
image data and encode into high-speed serialization LVDS image
data, which sent to the imaging equipment for display.

3. ASIC ANALYSIS and DESIGNING

3.1. ASIC diagram

The ASIC chip block diagram is shown in Fig.2. The ASIC chip
mainly consists of CDS circuit, PGA circuit, 14-bit pipeline ADC cir-
cuit, LVDS output circuit and other peripheral circuits. There are
three steps for ASIC chips processing the analog image signals from
the CCD sensor. Firstly, the CDS circuit receives analog image sig-
nals. Secondly, the PGA and pipeline ADC circuit convert analog
signals into parallel digital signals. Finally, the LVDS output circuit
encodes parallel digital signals into LVDS signals. Since the pipeline
ADC is the critical part of the system, the following will mostly
introduce the pipeline ADC [12].

The signal to noise plus distortion ratio (SNDR) and the sam-
pling rate of an ASIC can be calculated from the specifications of
the sensor. The maximum measured value of saturation full well
capacity for the sensor is around 400 ke-. With a 10 dB margin, the
minimum dynamic range needs to be larger than 70 dB. According
to the 6 dB/bit theory, the effective number of bits (ENOB) of ADC
needs to be more than 11-bit. Finally, 14-bit is chosen for practical
system applications. The maximum speed of pixel transmission is
19 MHz. So the minimum required sampling rate need to be above
38 MHz.

3.2. Pipeline ADC theory

The structure of the pipeline ADC is based on multistage ampli-
tude comparator. The digitization is performed by many steps with
a cascade of several similar stages of limited resolution ADC. Each
stage samples the output signal of the last stage and holds it to
the next stage by a sample-hold circuit. The pipeline ADC enables

high conversion throughput with non-overlapping clocks. A typ-
ical pipeline stage is illustrated in Fig.3. The signal passed to the
next stage is the conversion result of the current stage created by
a digital to analog converter (DAC) and a subtraction circuit.
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Fig. 2. The ASIC block diagram.
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The input signal of every stage is quantized as the digital signal
y a sub-ADC, and the result is output as a quantization result of
his stage. At the same time, a DAC converts the digital signal into
he analog sigsult is output as a quantization result of this stage.
t the same time, a DAC converts the digital signal into the analog
ignals, which are subtracted from the input signal. The result was
mplified by 2k1 times as the input for the next stage of the pipeline
DC.

The number of comparators has a linear relationship of the bits
f sub-ADC in the pipeline ADC. Therefore, the number of com-
arators is greatly reduced. In this paper, there are seven stages

n the whole ADC. The last stage is a 2-bit flash ADC. Others are
ll sub-ADCs. Each sub-ADC is 3-bit. The power consumption and
he area of the circuit are primarily reduced by using digital calibra-

ion algorithm. For medium to high-resolution and high conversion
ates, pipeline ADCs have been demonstrated to achieve the lowest
ower consumption [13–17].
C block diagram.

3.3. Analysis of the non-ideal factors

A pipeline stage is mainly composed of comparators and MDAC,
which includes sub-ADC, sample-hold circuit and an amplifier.
Therefore, the error of a pipeline ADC is composed of these sub-
module errors. The main non-ideal factors of the MDAC include
capacitor mismatch, amplifier disorders, finite gain, finite band-
width, finite output resistance, the input port parasitic capacitor
and clock jitter. Moreover, the error of the comparator mainly
comes from capacitor mismatch which can lead to the decision
level drift of the sub-ADC. So that, it affects the final digital out-
put codes. The disorder of the comparator mainly comes from the
mismatch of the MOS  tube. The fluctuation of the reference voltage
can be equal to the input fluctuation of the comparator.
3.3.1. Capacitor mismatch error
For the switching capacitor circuit of the MDAC, the matching

accuracy between capacitors is an important parameter that deter-
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Fig. 4. 1.5-bit transfer functi

ines the multiple of the residual gain amplification. It is critical
o the SFDR. For MDAC, if capacitors are ideal and no other non-
deal factors are considered, the output voltage of the MDAC can be
xpressed as

out,i = Vin,i
Cf +

n−1∑
j=1

Cs,j ⁄Cf − Vref

n−1∑
j=0

(mjCs,j)⁄Cf (1)

here Cf is feedback capacitor, Cs is sampling capacitor. According
o the output result of comparators that mj can take one number
rom {-1,0,1}. Vin,i is the input voltage. Vref is the reference voltage.

Taking into account the capacitor mismatch error, We  rewrite
he results as

Vout,i =

Cf + �Cf +
n−1∑
j=1

(Cs,j + �Cs,j)

Cf + �Cf
Vin,i

−

n−1∑
j=0

(mj(Cs,j + �Cs,j))

Cf + �Cf
Vref (2)

he first half part of (2) represents the gain error caused by the
apacitor mismatch error. The latter half part of (2) represents the
apacitor mismatch error which is equivalent to the error intro-
uced by the decision level drift of the comparators.

If Cf is equal to Cs and is equal to C, the total capacitor error can
e expressed as

 =
n−1∑
j=0

�Cs,j − �Cf

C + �Cf
(3)

It is only considering the effect of the capacitor mismatch error.
he actual curve will deviate from the ideal curve at each turning
oint. The margin transferred function curves, with 1.5-bit as an
xample, are shown in Fig. 4.

As the MDAC gain becomes larger, the above two points A1 and
2 of the two corners in Fig.4 are larger than the ideal value. The fol-

owing two points B1 and B2 are smaller than the ideal value. It will
ause the transfer function curve of the whole ADC to be nonlinear.

o ensure the linearity of the ADC, we should let the capacitance
ismatch error meet the requirements of the next pipeline stage.

n practice, we can only achieve an accuracy of less than 12-bit ADC
y the capacitor matching [18].
h capacitor mismatch error.

Since the output impedance of the OPA is unlikely infinite, the
open-loop gain is limited. The feedback coefficient of the OPA is
smaller if the parasitic capacitor of the input is taken into account.
Based on the above non-ideal factors, the output expression of
MDAC is rewritten, and the effect of capacitor mismatch error is
neglected to simplify the analysis.

Vout,i =

⎛
⎜⎜⎜⎜⎜⎝

Cf +
n−1∑
j=0

Cs,j

Cf
Vin,i −

n−1∑
j=0

mjCs,j

Cf
Vref

⎞
⎟⎟⎟⎟⎟⎠

1

1 + 1
Aof

(4)

The effect of the finite gain is to reduce the slope of the transfer
function curve of the MDAC, which is the reciprocal of the loop gain
of the OPA. The OPA direct current (DC) gain determines the static
error of the MDAC. If the residual resolution is N, then the error
allowed of the current stage has to be within 1/2N + 1. Assuming
half of the total error is due to static error, and then the static error
must be less than 1/2N + 2. If Aof is much bigger than 1, the static
error can be expressed as

εstatic = 1
A0f

<
1

2N+2
(5)

So the OPA gain needs above 2N+2/f.

3.3.2. Slew rate and bandwidth
The OPA gain is not enough to affect the static performance of

ADC. The finite slew rate and bandwidth affect the dynamic perfor-
mance. Both determine OPA output build speed and accuracy in a
finite time. The settling accuracy of OPA determines the dynamic
error of MDAC which must be less than 1/2N + 2 if the static error
is also 1/2N + 2.

The operating cycle consists of Tsr and Tse. Tsr is the time limited
by the slew rate of the holding phase, Tse is the exponential estab-
lishment time. In the worst case, OPA’s output capacitor and the
sampling capacitor of next stage are both OPA’s load. The output of
OPA and the slew rate is linear during slewing process. The output
voltage during linear settling can be written as

Vout,i (t) = Vout,i(t = ∞) (1  − e− gm
CL,H

ft) (6)

where CL,H is the effective load of the MDAC in the holding phase,

and f is operating frequency.

The dynamic error can be derived as

εdynamic = e− gm
CL,H

fTse <
1

2N+2
(7)
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Fig. 5. 1.5-bit transfer f

he above description shows that the exponential settling process
s related to time, so the error is related to signal. We  can only
educe this error by increasing the OPA bandwidth or the settling
ime. It is difficult to eliminate it with other error elimination or
orrection methods. The impact on the establishment of the ADC
ccuracy will reduce the SNR, which will reduce the performance
f the ADC. In general, slewing process takes about one-fourth to
ne-third of the total settling time, which is approximately 1 ns. The
inear settling spends 2 ns or 3 ns [19,20]. The margin transferred
unction curves to take 1.5-bit as an example, as shown in Fig.5. It
s only considering the effect of OPA gain error and finite settling
rror. Because of the finite gain and settling time of the OPA, the
lope of the actual transfer function curve is smaller than the ideal
alue. The two points A1 and A2 of the two corners in Fig.5 are
maller than the ideal value. The following two points B1 and B2 of
he two corners are larger than the ideal value.

.3.3. Clock jitter
The MDAC with switch capacitor architecture requires the clock

o control the switch on and off. The actual clock has clock jitter,
nd the rising and falling edges of the clock signal also take up some
ime, so the clock determines the performance of the circuit. The
ampling switch clock is the most important of these clocks. The
nput signal is associated with time. The clock jitter of the sampling
lock will cause the sampling of the signal to be erroneous making
he SNR worse. The circuit design cannot eliminate the impact of
he clock jitter. It only makes the impact on the clock jitter as small
s possible, until the impact on circuit performance is negligible
21]. The input clock circuit is a differential low-noise buffer. To

inimize the sources of clock jitter, we employ P-substrate con-
acts and deep N-well isolation to eliminate crosstalk. The clock
ignal was also carefully shielded by ground.

.4. Correlated double sampling topology structure

It essentially to resolve the problems that the OPA’s finite gain
eads to the sampling error in sampling schematics. Previously, sev-
ral techniques have been developed to solve the problems result
n much more power dissipation, such as several stage amplifiers,
ain-boost circuits. For this design, a correlated double sampling
opology structure is illustrated with Fig.6, which can acquire very
ow error of output signal with low cost. At the same time, the

utput analog signal of CCD needs to use CDS technique achieving
ampling [22,23].

The solid part of Fig.6 is the traditional S/H (sample/hold) topol-
gy, and the dotted line adds a supplementary way to achieve the
Fig. 6. CDS topology structure.

CDS technique. Compared with the traditional S/H circuit, the corre-
lated double sampling technique can eliminate the amplifier offset
VOS and reduce voltage effect of output feedback brought by the
limited gain Av at the same time, so as to improve the accuracy of
the system.

Ф1 and Ф2 are two  non-overlapping clock signals. When Ф1
is valid, the main way is separated from the amplifier and the
capacitor CH samples the input signal Vin+ on the left side. The sup-
plementary way and the amplifier compose an integrator to make
the output signal tracking the input signal. The capacitor Ch stores
VOS and -Vout/AV on the right side. When Ф2 is valid, the main way
is separated from the amplifier and the capacitor CH samples the
input signal Vin+ on the left side. The supplementary way and the
amplifier compose an integrator to make the output signal track-
ing the input signal. The capacitor Ch stores VOS and -Vout/AV on the
right side. The supplementary way  is disconnected, and the main
way achieves holding and amplification. The node X is no longer
affected by VOS due to the effect of capacitor Ch. According to the

law of conservation of charge, the gain error of the CDS circuit is
reduced by (1+C1/C2)/AV

2 times.
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Fig. 7. (a) The first stage CMOS gain-boosting amp

.5. The amplifier of the first stage

The amplifier is an essential part of high-speed and high-
esolution pipeline ADC. It determines the speed and resolution
f the ADC and occupies the main power consumption and area.
he first stage pipeline ADC is the best important in all stages.
elivering sufficient DC gain on low power dissipation is a difficult
hallenge to OPA design at a high sampling rate. Although a multi-
tage structure offers high DC gain, the circuit needs more power
or the necessity of frequency compensation. Single-stage architec-
ures can offer large GBW (gain bandwidth) with limited DC gain
ue to the low output resistance. This paper presents a tradition
MOS gain-boosting technique amplifier in Fig.7(a). The boosting
mplifiers all use a folded-cascode structure OPA. SC-CMFB (Switch
apacitor Common mode feedback) circuit is required in fully dif-
erential circuits to sense and stabilize the output common mode
oltage through the common mode feedback loop. SC-CMFB doesn’t
ffect output swing and consumes no static power. The SC-CMFB
ircuit is shown in Fig.7(b).

C1 works as a switched capacitor resistor. During holding phase,
1∼S3 are closed, charging the voltage of C1 between VCM signal

nd VCM BIAS signal, while C2 is used to sense the output common
ode voltage. During resetting phase, S4∼S6 are closed, charging

he voltage of C2 between VCM and VCM BIAS through C1. In gen-
ral, the size of C2 is designed to be four times to ten times larger
b) SC-CMFB circuit of the gain-boosting amplifier.

than that of C1. Using a too large capacitor for C2 increases the OPA
loop load capacitor, while using a too small capacitor for C1 causes
common mode offset voltage due to charge injection and clock
feedthrough of these switches. This OPA has an excellent result
which is above 97 dB with gain and above 0.94 GHz with GBW. The
simulation result is shown in Fig.8.

4. Measured results and discussion

The ADC was fabricated in a 3.3-V 0.13-�m 1P-6 M CMOS pro-
cess with metal insulator metal (MIM)  structure capacitors and
dissipated 405 mW at 100 MS/s. A die photo and his application
are shown in Fig. 9. The area of the chip is 4.6 mm*4.6 mm.

Table 1 compares the key performances of this work and oth-
ers. A 12 bit 53-mW 195 MS/s pipeline ADC is designed using
split-ADC calibration. Fully deterministic continuous background
calibration was  applied to correct for nonlinearity and linear errors
in ADC [13]. The research groups have achieved a 100 MS/s, 10.5
bit, 2.46-mW comparator-less pipeline ADC using self-biased ring
amplifiers. They are very focused on low power consumption [18].
The authors describe a 14-bit, 125 MS/s IF/RF sampling pipelined

ADC that is implemented in a 0.35 m BiCMOS process [21]. Although
the BiCMOS process is an old process, it is beneficial to realize high
speed and high-resolution ADC. However, the focus of this work is
on SNDR, which is very different from Ref. [13], Ref [18]. and Ref
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Fig. 8. Simulated first stage gain and bandwidth.

Fig. 9. Die photo and application board.

Table 1
Performance comparison with other pipeline ADC.

This Work [13] [18] [21]

Resolution [bits] 14 12 10.5 14
Fs  [MS/s] 100 195 100 125
Technology 0.13 �m CMOS 40 nm CMOS 65 nm CMOS 0.35 �m BiCMOS
channels 2 1 1 1
Analog  Supply [V] 3.3 1 1.2 3.3
Active  Area [mm2] 21.16 0.81 0.097 70
|DNL|  [LSB] 0.4 N/A 0.22 0.2
|INL|  [LSB] 0.29 1.4 0.62 0.8
SFDR  [dB] 92.7 82 64.7 100

.8 

 

7.5 

[
T
t
o

i
s
t
r
b

SNDR  [dB] 81.5 64
Total  Power [mW] 405 53
FOM  [fj/conv-step] 369 15

21]. work, and this is also the primary contribution of our work.
he FOM is 44.5 fj/conv-step in Ref. [18], which is the best result in
he Table 1. The SNDR of their work is 56.6 dB. With the difference
f the bit number, it is still less than the result of this paper.

The SNR of the imaging system can reflect the merits of the
mage quality of the image system specifications. The imaging
ystem uses ASIC chips, which is critical to test whether the signal-

o-noise ratio can meet the application. Fig.10(d) is the SNR test
esult of image system which fixes the integrated ball light source
rightness and adjusts the system integration time to make the
56.6 75
2.46 1850
44.5 700

detector from dark to near saturation state. When the system is
in the maximum integration time, the detector close to saturation,
the SNR can reach 52.6 dB. The number of full-color saturated elec-
trons of the detector are 400 ke-, and the theoretical maximum
signal-to-noise ratio is 56.02 dB.

All the measured result is shown in Fig.10. The dynamic linear-
ity of the ADC characterized by analyzing a fast Fourier transform

(FFT) from the output codes is shown in Fig.10(a) and (b). The mea-
sured output spectrum with an input signal frequency of 20.6 MHz
sampled at 100 MS/S is depicted in Fig.10(a). At this frequency,
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ig. 10. (a) Measured FFT spectrum at fin = 20.6 MHz, Vin = 2 V, fs = 100 MHz  and (b
NL  (d) measured image system’s SNR with integration time.

he measured SFDR and SNDR equal 92.6 dB and 81.5 dB respec-
ively. To measure the input CCD sensor’s signal, the ASIC was also
ested for an input signal frequency of 19.5 MHz  sampled at 40

S/S. Fig. 10(b) shows the digital spectrum of the ADC output. At
his frequency, the measured SFDR and SNDR is 92.0 dB and 79.1 dB
espectively. A single pipeline ADC channel dissipates 183 mW.  This
esign results in a figure-of-merit(FOM) of 369 fj/conversion-step
or a 20.6 MHz  input frequency and a 100 MHz  sampling frequency.
he differential non-linearity (DNL) and the integral non-linearity
INL) profiles are shown in Fig.10(c). The maximum DNL is 0.4 LSB,
nd the maximum INL is 0.29 LSB.

The main non-ideal factors include capacitor mismatch, ampli-
er disorders, finite gain, finite bandwidth, finite output resistance,
he input port parasitic capacitor and clock jitter. To reduce the
ffects of mismatches and asymmetries, we strictly symmetry the
ircuit design and layout. To reduce the limited gain of the ampli-
er, we utilize the CDS technology to improve the accuracy of the
ystem. We  employ P-substrate contacts and deep N-well isolation
o improve clock jitter. A CMOS gain-boosting technique amplifier
s used in the first stage. The boosting amplifiers all use a folded-
ascode structure op-amp. SC-CMFB circuit is used to sense and
tabilize the output common mode voltage through the common

ode feedback loop. Since the input amplitude is 2 V, we choice

.3 V as the analog voltage. And the 0.13-�m process is the min-
mum size process that supports 3.3 V voltage. The 2 V amplitude
an be achieved by 2.5 V analog voltage process, such as 90 nm,
sured FFT spectrum at fin = 19.5 MHz, Vin = 2 V, fs = 40 MHz  (c) Measured DNL and

65 nm.  But this will increase the power consumption and reduce
the reliability.

5. Conclusion

This brief describes the design and implementation of an ASIC
with binary channels 3.3-V 405-mW 14-bit 10 MS/s ADC in 0.13-
�m 1P6M process with MIM  capacitors. The ASIC chip, similarly to
other signal processing chip, able to convert the photo-electricity
sensor signal to digital signal. The test chip demonstrates true 14-b
linearity and a 13.24 ENOB in the end. We  adopt a novel CDS circuit,
which acquires very low error with low cost. Finally, this chip is
used in CCD image system which achieves a high SNR system.

The novelty of our development lies in its high SNDR ADC using a
CDS circuit. The chip is used in the TDI CCD sensor imaging system.
By using the ASIC chip, the imaging system has the advantage of size
and SNR. The SNR of this work is much higher than the requirement
of the imaging system. In future work, we will focus on low power
consumption and small size design with sacrifice SNR. We  will also
focus on anti-radiation to realize working in space for a long time.
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