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Small Pixel 10 pm Pitch Infrared Focal Plane Array ROIC Design
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Abstract: A kind of infrared focal plane CMOS (complementary metal oxide semiconductor) read out
integrated circuit (ROIC) for small pixel applications was developed. This ROIC design includes
ITR(integration then reading) and IWR(integration while reading)functions, two gains in ITR mode,
charge capacities are 4.3 Me and 1.6 Me . Other functions include anti-blooming, series port control
function and full chip current injection test function. This ROIC was fabricated in 0.18 pum process, power
supply voltage 3.3V, test result show good performance of the ROIC, full frame rate is 100 Hz, noise of
readout circuit is 0.2 mV. This paper introduces the basic structure of the readout circuit design, and
analyzes the design of anti-interference ability of the circuit under the condition of small integral
capacitance; During the test, tailing phenomenon is found, the causes of the tailing phenomenon is
analyzed and In order to solve the tailing phenomenon, the Anti-blooming voltage generation circuit is
designed, and the test results of the whole circuit are given at the end of the paper.

Keywords: small pixel, ROIC, infrared focal plane detector

515

ZLANARIN AT 2 B L 357, AZE S A R
PRI A A PR A B 2 DA S R 4 TR

TRLLAMARTASHEBI SR HEROAR , SN LLAMRII &) 7o 4L
TE 0780 B /M TTER I 28 k) AT MG T
LAMRIM B AL BA IR0 BRI (A 2 A v,
; Bl

BR R GNDG X PLAE U, MR ARG, ZLHMA
IUE 5% VAR e 7 3 VRN U NI 517 T B B R =L
TR, T MR AR AR RN, M

WisEEA: 2021-07-26; 1&ITHHA: 2021-09-02.

% HgCdTe & RPN, Al DARRAR AL AR AR AR A
B, BT AR SREBL BRI, REZ
i HIPE (Johnson Criterion), [ 41#ARA G BT

1EHfEIT: REE (19840, L, WILAFRA, BEHFFITA: L0AMEFRERMA S A% E-mail: 275099355@qq.com.
BEESE: ok (1968-) , B, mEAMN, TR, W, WEESm, FEMATRNEEE SHERABERTT. E-mail: libin.yao@ieee.org.

902



435 FoM
2021 9 A

e EUH5E  /IMBIT 10 pum O BEZLAME ST B Y LR vt

Vol.43 No.9
Sep. 2021

&1 E AR Ay £ U,

FELLAMEF TR 1)) 2 M 5T, S
BTG UAAWIR IR, BB S L2 AP &
N P RE L F B A SR AL TR RE. H TSz
FEIBHRT AR 1D R AMETT. B S =ARAL
V7RIS Ny 3 E R ANl CFI S o N ]
FATTTHAGBCRER /N, 7RI NN T ORI B IME T
B BT R 2) WE AL O TIE. BT RS
R RE SR, XA R 2 OAHMET IR R, KK
Z O AMET T B S — E )R 1K T
o 3) Bt ik, B bt R ADC
R E B g, B R E R R S
PRI TTAE 1 5 B2 AR T AE .

M AR ARGE ORI /ME T ROIC AT
HlERRIT: VEE Sofradir A RIHRIE T K. /MEIT
B, FEFIIAE 1280 X720, 1GocH 0 EEA 10 um,
JSEFHIBO TR, EE T (Raytheon) 2 FIHRIE
T3 KRR R, BEAIRIRS 2 kX2 k, Bt
R A 25 pm 20 pm A1 15 pm, 37 R BCOR R AT
Y 6 TIS A RIS T OKTHIFE MEIGEEH FLEg,
FEGIFIME 4k X 4k, 1EICEIFE 10 um A1 15 um, HEEN
B, BB, Hodr, Sofradir 2 HIFFHl
171280} 720 FREEHY HLEE BAATERRINER 1 P,

#* 1 ¥ Sofradir A 74 H [¥) Daphnis ™ f13 E

Table 1 Daphnis product information by Sofradir

Detector spectral

3.7-4.8 um
response
FPA operating
Upto 110K
temperature
Digital outputs

ROIC architecture . L L
Direct injection input circuit

Programmable integration time

anti-blooming

. . Invertrevert
ROIC functionalities o
Bining
IWR or ITR
High dynamic range
Windowing modes 320x4 minimum programmable
Charge handling 3main
capacity Gains:1.1Me’;2.7Me’;5.6Me-
Frame rate Up to 85 Hz full frame rate
20 mK(293 K,70% well fill,
NETD

2.7M¢")
A T ORI RE . MR T L, BRI
A% 1024X768, e EE 10 um, 3 H LR E D
iR (MCT) H 2L/ F IR as, 4 TAER

FE 77 Ko MBS WTFPIRIEAS, H 4% IWR (integration
while reading) /ITR (integration then reading) ZhfE.
ARSCHE G 7 /MEITHE LBV RS A LT
HEEPLT-ILRE ) ot 1 3t R i A2 1Y
BRiERMIER, R RS TR E.

1 2EEit

L1 EHEESESRIZT

T R RGMELR IR 1 o, ARITREA. Bk
FEL I LR B 4 1 LA B S DL . AT R
BAERHIBIE - A AT A R . ™
AR I, DA BTBOK & DA R B R BOR 24 1 i

1024 X 768
10um

J2p0odap auj|

| Column amplifier |
1
:>| Column decoder |

1
| Output amplifier |

uonesauas as|ng =

uonesauas seig

BIL i R Al e s 2
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Table 2 Main performance parameters of readout circuit

Parameters Typical value

Array 1024x768

Pixel pitch 10 um

Main clock 10MHz

Charge capacity M
Gain0: 1.6Me

Output channel 8

Output voltage swing | 2V(1-3V)

Readout mode ITR/TWR
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Table 3 Voltage change caused by channel charge injection

effect
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200 31.7
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Table 4 Effect of column amplifier on holding capacitance

C/tF AV/mV AV'/mV
10 629.77 21.75
40 347.35 8.32
80 204.18 2.26
100 165.81 1.91
400 43.42 0.56
800 21.88 0.29
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Table 5 Read out circuit test result

IWR/ITR function Normal
Window mode test Normal
Serial electrical interface Normal
Output voltage swing 2V
Power dissipation 150 mW
Output bandwidth 10 MHz
Frame rate 100 Hz
Noise 0.2 mV
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Fig.15 Imaging of small pixel detector assembly

Bt T —#3/IME T L, FEF1) 1024 X 768,



435 FoM
2021 9 A

e EUH5E  /IMBIT 10 pum O BEZLAME ST B Y LR vt

Vol.43 No.9
Sep. 2021

BTl 10 pmo FIAZCR I EHGENL N, 2 #45
wiATUE, IWRATR BRIk, SEI0RM]: /MEITaRt:
& BiE ITRAWR AT, 2 A, 52 HY AL IR
P4 02mV, W 100 Hz, W2 T KIHRE. /MEITH

MERLH oK . ASCE G 7/ BRI T e

Jis BIERI G it IE, it e e 2T

% 1024 X 768 fif R TR AR, &SRR RE

T R, JEIE SN B, Rk RE LIIZEK I H R

PED9 LA, 13 ST R B /ME T R 9 MCT 45

T ERI S FE S, AL IMBRTC IR A R R

SE

(11 #alfs, 2RTr, 22504, & AMROURE R AN T PRI %5 BT
FUHERT). £19MEAR, 2019, 41(11): 1003-1011.

YANG Chaowei, LI Dongsheng, LI Lihua, et al. Review of small-pixel
HgCdTe infrared focal plane detector[J]. Infrared Technology, 2019,
41(11): 1003-1011.

[2] R, BRI, BEK, & BLEOS) SCD 2 alfIIIL- V RZLAMEN &%
WERHEET]. £I5MER, 2018, 40(10): 936-945.

LI Junbin, LI Dongsheng, YANG Yulin, et al. III-V semiconductor
infrared detector research in SCD of Israel[J]. Infrared Technology, 2018,
40(10): 936-945.

[3] MThze, B, ¥R, 5. BhEws TARR L IMRN AR 0T it 1]
LI5MER, 2017, 39(9): 780-784.

DENG Gongrong, ZHAO Peng, YUAN Jun, et al. Status of Sb-based
HOT infrared detectors [J]. Infrared Technology, 2017, 39(9): 780-784.

[4] Beletic ] W, Blank R, Gulbransen D, et al. Teledyne imaging sensors:
infrared imaging technologies for astronomy and civil space[C]/High
Energy, Optical, and Infrared Detectors for Astronomy 111, 2008, 7021:
70210H.

[5] Rogalski A. Recent progress in infrared detector technologies[J]. Infrared
Physics & Technology, 2011, 54(3): 136-154.

[6] Rogalski A. Next decade in infrared detectors[C)//Electro-Optical and
Infrared Systems: Technology and Applications XIV, 2017, 10433:
104330L.

[7] Caulfield J, Curzan J. Small pixel infrared sensor technology[C/Infi-ared
Technology and Applications XLII1, 2017, 10177: 1017725.

[8] Chen T, Catrysse P B, El Gamal A, et al. How small should pixel size
be?[C]//Sensors and Camera Systems for Scientific, Industrial, and

Digital Photography Applications, 2000, 3965: 451-459.

[91 Farrell J, Xiao F, Kavusi S. Resolution and light sensitivity tradeoft with
pixel size[C)//Digital Photography 11, 2006, 6069: 60690N.

[10] Lutz H, Breiter R, Eich D, et al. Small pixel pitch MCT
IR-modules[C]/Infrared Technology and Applications XLII, 2016,
9819: 98191Y.

[11] Lutz H, Breiter R, Eich D, et al. Towards ultra-small pixel pitch cooled
MW and LW IR-modules[C]/Infrared Technology and Applications
XLIV, 2018, 10624: 106240B.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Espuno L, Pacaud O, Reibel Y, et al. A new generation of small pixel
pitch/SWaP cooled infrared detectors[C]//Electro-Optical and Infrared
Systems: Technology and Applications X11, 2015: 9648: 96480H.
Manissadjian A, Rubaldo L, Rebeil Y, et al. Improved IR detectors to
swap heavy systems for SWaP[C]//Infrared Technology and
Applications XXXVIII, 2012, 8353: 835334.

Johnson John. Analysis of image forming systems[C]//Proceeding of
SPIE- The International Society for Optical Engineering, 1958,
513(513):761.

JASLIR, TR, 5KE, 25 10 pm AR ITIAIEE 1024x1024 HH %L AMR I 3%
WA [T]. BSLI9M, 2019, 49(8): 915-920.

ZHOU L, NING T, ZHANG M, et al. Developments of 10 um pixel
pitch 1024x1024 MW infrared detectors[J]. Laser & Infrared, 2019,
49(8): 915-920.

Berthoz J, Rubaldo L, Maillard M, et al. MTF performance:
measurements, modelisation, and optimization for Sofradir II-VI IR
photodetectors[C]//Quantum Sensing and Nanophotonic Devices XII,
2015, 9370: 937000.

Reibel Y, Augey T, Verdet S, et al. High-performance and long-range
cooled IR technologies in France[Cl/Infrared Technology and
Applications XXXIX, 2013, 8704: 87040B.

Reibel Y, Rubaldo L, Manissadjian A, et al. High-performance MCT and
QWIP IR detectors at Sofradir[C]/Electro-Optical and Infrared
Systems: Technology and Applications 1X, 2012, 8541: 85410A.

Reibel Y, Rouvie A, Nedelcu A, et al. Large format, small pixel pitch
and hot detectors at SOFRADIR[C]//Electro-Optical and Infrared
Systems: Technology and Applications X, 2013, 8896: 88960B.

Lefoul X, Pere-Laperne N, Augey T, et al. New SOFRADIR 10 um pixel
pitch infrared products[C)//Electro-Optical and Infrared Systems:
Technology and Applications X1, 2014, 9249: 924911.

Tan C L, Mohseni H. Emerging technologies for high performance
infrared detectors[J]. Nanophotonics, 2018, 7(1): 169-197.

Beletic J W, Blank R, Gulbransen D, et al. Teledyne imaging sensors:
infrared imaging technologies for astronomy and civil space[C]/High
Energy, Optical, and Infrared Detectors for Astronomy III, 2008:
70210H.

Dorn R J, Eschbaumer S, Hall D N, et al. Evaluation of the Teledyne
SIDECAR ASIC at cryogenic temperature using a visible hybrid H2RG
focal plane array in 32 channel readout mode[C/]//Proc. of SPIE, 2008:
DOI:10.1117/12.788717.

Bai Y, Bajaj J, Beletic J W, et al. Teledyne imaging sensors: silicon
CMOS imaging technologies for x-ray, UV, visible, and near
infrared[C]//Proc. of SPIE, 2008, 7021: 702102.

FEEpE-prALYE. BB CMOS SERERERIRIHM]. P72 PERACHA
“FHHARAL, 2003.

Behzad Razavi. Design of Analog CMOS Integrated Circuits[M]. Xi’an:

Xi’an JiaoTong University Press, 2003.

909


https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7021.toc
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7021.toc
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7021.toc
http://dx.doi.org/10.1117/12.788717

	总体设计
	1.1  读出电路总体框架设计
	1.2  信号模拟链路设计
	1.3  读出电路主要性能参数

	2  像元电路抗干扰能力设计
	2.1  电荷注入效应的影响
	2.2  列总线的影响
	2.2.1  定性分析
	2.2.2  定量分析

	3  盲元拖尾及解决方法
	3.1  拖尾现象分析
	3.2  抗晕管栅压设计

	4  电路测试及成像
	1）中测杜瓦电路测试
	2）探测器组件成像

	5  结论

