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The simulation of intra-pixel sensitivity for HgCdTe infrared focal
plane array

ZHONG Li'?, SU Xiao-Feng', HU Wei-Da', CHEN Fan-Sheng"*
(1. Key Laboratory of Intelligent Infrared Perception , Shanghai Institute of Technical Physics , Chinese Academy ; of
Sciences, Shanghai 200083, China;
2. Hangzhou Institute for Advanced Study, University of Chinese Academy of Sciences, Hangzhou 310024, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: For the under-sampled imaging infrared search and tracking system which FA/d<2, the energy of point target
was concentrated on a single pixel. Due to the spatial non-uniformity of intra-pixel sensitivity (IPS) for focal plane ar-
ray, the calculation accuracy of energy and centroid for point target would be reduced. Light spot scanning test and nu-
merical simulation could effectively characterize and analyze the IPS, but the system and model were highly complex
and time-consuming, moreover, experimental tests couldn’t analyze the relationship between the spatial non-uniformity
of the IPS and the parameters of photo-detector. Aimed at the above problem, Monte Carlo methods were used to simu-
late the IPS of HgCdTe infrared focal plane array, and the influencing factors of its spatial non-uniformity were ana-
lyzed. The results showed that the spatial non-uniformity of IPS can be reduced by reducing the pixel pitch or increasing
the thickness of absorber. With the increase in wavelength, the spatial non-uniformity of IPS increased slightly. The re-
sults of simulation and analysis are of great significance for improving the measurement accuracy of high energy concen-
tration point target.

Key words: intra-pixel sensitivity, HgCdTe, infrared focal plane array, non-uniformity, Monte Carlo Method
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Fig. 1 Schematic diagram of HgCdTe infrared focal plane array
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Fig. 2 Basic flow of the simulation of the HgCdTe infrared focal plane array based on the Monte Carlo method
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Fig. 3 The simulated intra-pixel sensitivity of the HgCdTe infrared focal plane array



5 1] B AF  HgCdTe ZLAME- I M4 515 3R N R AU pR KD 5 677

0.37 — 110
109Gy ® 9
L —a— Bl 73 L1os
0.8 - 15um 0.36. e SRERIRTE '
5 o | : 2 {1.00 ’é\
o 06+ ek gg“m i A ]
£ i % 0.354 e - H0.95 42
0.4 = T i
‘ P22 \ Joe0
034 —a— 7 .
B2 ' e B RV s
15 10 05 00 05 10 15 15 20 25 30
FG ORI PE 2 (pixels) % & PR/ (um)
20
(c)
154 GE
S —— $
= - SRR I
ﬁ 104
8
#
54
ol : ; )

1% Z LB/ (um)
K4 AFEBERFOIEMTTESR : () ARHRE A0, SRR ITIE TIPS (b) IPS b 22 FIF 7 e BER 2  OBE A 1L (c)
R R RIS R P BRI A AL
Fig. 4 The simulation results of different pixel pitch: (a) The simulated IPS with different pixel pitch; (b) The standard deviation and FWHM

of IPS varies with pixel pitch; (¢) The inter—pixel crosstalk varies with pixel pitch

038 1.10
10 (@ FriitEzE
i LR R R R 037 —a— K {E ik J1.08
081 - 8um ' - BRI _
—— 10um r 11908
o 0.6- : 12um| 5 0387 L 2 2
o 14um| = ) e H0.95 33
- b - 8. =
044 16pm -2 0.35 """7 - i
Lor \. 10.80 3
e
o I e o
- ERERIE I
0.0 : 033 } ! — 080
-60 -40 -20 0 20 40 60 8 10 12 14 16
FIGF 0 [ FE B/ (um) WAL S5 FEE ()
14 (C)
12 1
gw-
fis i o LR
i —— HE ik
2 == FERERIR A
0 T T T T T
8 10 12 14 16
WAL S22 JEE P (um)

B 5 TR A2 JEE B A 5 L5 5 < () R IR IR RS, S ¥ T 1 0 B TIPS 5 (b) TPS Bl 25 R 35 S B 2 I 1 284k 5 (e)
G 18] B P Rt )2 B B 11 725 £
Fig. 5 The simulation results of different absorber thickness: (a) The simulated IPS with different absorber thickness; (b) The standard de-

viation and FWHM of IPS varies with absorber thickness; (¢) The inter—pixel crosstalk varies with absorber thickness



678

AN/ RSO S g o

40 %

G R n X, 9l I A Y HE 323 K, R 3R (] 5 ok
AN 6 () s, SECIPS AR ) ks k. R I,
FEXT g AR TP B ARSEA TR I B, 75 2% 08 H AR
KEIEAIPS 25,
2.3 BHEERHH

H (5] 4~5 FE 6 AT, SRR % O i 5 8UE )7
B B R e S FERE AR LT LA

D5 FES AR AN R, Blfl 2 5 T AR Y
Yy BSOS IR T 05 B, A AT IR 22 43 i el vk SR A 22
v 7 7 R LA KA BRIT 5 R A SRR -8
D7 R, B TR PR S . SR R
PR R TR 9 B B AL TR B 17 05 L, 45
REA—E M REILME

) BUETT L, S5 T A BR 22 40 i sl vk A T
s H A A IR AR G2 B .
S RIE T AT R YRGS AR R AT
FHRI R

3VEUE T AT, T ok S AR SOGTR
SR FH s WO VR 0 B, B R 8 i A B BRD TIPS,
RAGRTHR S R S A — iR,

)X T SRR 7, A THRI #8622
WK FE MR 9 K B i & o 2 ol B2

SR HISCHR 22 119 2 B A AU TR T3, 2019 i
J¥ 22 SCHk (23 TR [24 ]9 i 25 21 BB AF AE —
W%,

3 &g

Fe T ZRF R I8 5 5 HeCdTe £ 40 £ - 1 4 371
[ IPS HEA T JEAL L, 1207 VA A AU B AT A%
RSP . 7 AT R 1PS 55 BURL A5 E AN S 56
AR — 20, ik TR TS e o [WIN, 2 Hr
TIPSHER S 5B R O BE RIS R B DL
KX R, G5REFW AT TREDOMNE BE
NGAE ) R 23U 5 SRR G FE A 30 pm
/NEN 1S wm B, TIPS R4 AT EFEAIR 5. 79% , 4 12
JEFE M 8 wm H#E K F 16 wm B, 1PS JF 35 2] P R A
10. 68% , 4 ASF PN S pm B K3 9. 5 wm 5, IPS
DI EIE R 1. 12%, 53 B 45 2R v R 20 AT T
Mg LA B s =, DM 3R rhc BE B R
W2 BB AT LLREAIR TIPS (25 [ JE ¥ A (2R R
[ETREEE /=3 N G L S 9y N = SR
HFRCRM SR, T LGS H B EE S
AR SE I e AL i1t AN XA TR] I B H ARl
B, 75 % IR K 5 TIPS 22 5% . A SCAY 4 EL AN
3R, ATk e RE AR b A B BRI RS B A 4 T A

o] L g 095
ek e
0.8 5um 0.385- g BRI
F——%pum \"*-.- / =
o 061 ——7um | 4y B & 'é
o —— 8um 44 0,360 S 1090 55
0.4 — g“sm = 1——\A\‘___ < iz
—— Y.0dm &
0.355 e " *
0.2 dos—T PRtz
—a— BT
0.0 ' - ; ' ' 0350 — e SRR 0.85
60 -40 -20 0 20 40 60 5 6 7 8 9 10
FIR 2 O EE S/ (um) WA (um)
46
(e) HL
a4l —— HUE T
. i R REIE
=
W& 4.0 i
B Sy
381
3.6
4 5 6 7 8 9 10
K/ (pm)

Kl 6
1k

ANTFIPAS B 5 FLAS IR+ (a) RIFIPK, S0 RS T 07 B TPS 5 (b) TPS bl 22 R 25 SE Bt K 728

s (o) BB RN K 9%

Fig. 6 The simulation results of different wavelength: (a) The simulated IPS with different wavelength; (b) The standard deviation and

FWHM of IPS varies with wavelength; (c¢) The inter—pixel crosstalk varies with wavelength



51 B A HgCdTe ZLAME- i M4 5115 3R N AU pR (i K 679
Hi55% 265-269.
[13] Viale T, Ketchazo C, Guérineau N, et al. High accuracy
References measurements of the intrapixel sensitivity of VIS to LWIR

[1] Ketchazo C, Viale T, Boulade O, et al. Intrapixel measure-
ment techniques on large focal plane arrays for astronomical
applications : a comparative study[ C ]//International Confer-
ence on Space Optics—ICSO 2016. International Society
for Optics and Photonics, 2017, 10562: 105623D.

[2] Howell, Steve, B, et al. Detection and Measurement of
Poorly Sampled Point Sources Imaged With 2—-D Array[J].
The Astronomical Journal, 1996, 112(3):1302.

[3] Lauer T R. The Photometry of Undersampled Point—Spread
Functions [J]. Publications of the Astronomical Society of
the Pacific, 1999, 111(765): 1434-1443.

[4] Anderson J, King I R. Toward High - Precision Astrometry
with WFPC2. I. Deriving an Accurate Point-Spread Function
[J]. Publications of the Astronomical Society of the Pacific,
2000, 112(776) : 1360-1382.

[5] Kavaldjiev D, Ninkov Z. Subpixel sensitivity map for a
charge—coupled device [J]. Optical engineering, 1998, 37
(3): 948-954.

[6] Barron N, Borysow M, Beyerlein K, et al. Subpixel Re-
sponse Measurement of Near-Infrared Detectors [J]. Publi-
cations of the Astronomical Society of the Pacific, 2007, 119
(854): 466-475.

[7] Mahato S B, De Ridder J, Meynants G, et al. Measuring in-
tra—pixel sensitivity variations of a CMOS image sensor[J].
IEEE Sensors Journal, 2018, 18(7): 2722-2728.

(8] Shapiro C, Huff E, Smith R. Intra—pixel response charac-
terization of a HgCdTe near infrared detector with a pro-
nounced crosshatch pattern [C]/High Energy, Optical,
and Infrared Detectors for Astronomy VIII. International So-
ciety for Optics and Photonics, 2018, 10709: 1070936.

(9] Shapiro C A, Smith R M, Huff E M, et al. Precision Projec-
tor Laboratory: detector characterization with an astronomi-
cal emulation testbed [J]. Journal of Astronomical Tele-
scopes, Instruments, and Systems, 2019, 5(4): 041503.

[10] Soehnel G, Tanbakuchi A. Simulation and experimental
characterization of the point spread function, pixel satura-
tion, and blooming of a mercury cadmium telluride focal
plane array [J]. Applied Optics, 2012, 51(33) : 7987~
7993.

[11] Vorobiev D, Irwin A, Ninkov Z, et al. Direct measure-
ment of the Kepler Space Telescope CCD’ s intrapixel re-
sponse function [J]. Journal of Astronomical Telescopes,
Instruments, and Systems, 2019, 5(4): 041507.

[12] Ketchazo C, Viale T, Boulade O, et al. A new technique
of characterization of intrapixel response dedicated to as-
tronomical detectors|]]. Nuclear Instruments and Methods
in Physics Research Section A: Accelerators, Spectrome-
ters, Detectors and Associated Equipment, 2015, 787:

astronomical detectors: experimental demonstration [C ]/
High Energy, Optical, and Infrared Detectors for Astrono-
my VII. International Society for Optics and Photonics,
2016, 9915: 991517.

[14] Berthoz J, Grille R, Rubaldo L, et al. Modeling and Char-
acterization of MTF and Spectral Response at Small Pitch
on Mercury Cadmium Telluride [T]. Journal of Electronic
Materials, 2015, 44(9) : 3157-3162.

[15] Vallone M, Goano M, Bertazzi F, et al. Simulation of
small—pitch HgCdTe photodetectors [J 1. Journal of Elec-
tronic Materials, 2017, 46(9) : 5458-5470.

[16] Vallone M, Goano M, Bertazzi F, et al. Diffusive—Proba-
bilistic Model for Inter—Pixel Crosstalk in HgCdTe Focal
Plane Arrays [J]. IEEE Journal of the Electron Devices So-
ciety, 2018, 6(1): 664-673.

[17] Appleton B, Hubbard T, Glasmann A, et al. Parametric
numerical study of the modulation transfer function in
small—pitch InGaAs/InP infrared arrays with refractive mi-
crolenses[ J]. Optics Express, 2018, 26(5): 5310-5326.

[18] Lavine J P, Chang W C, Anagnostopoulos C N, et al.
Monte Carlo simulation of the photoelectron crosstalk in
silicon imaging devices [1]. IEEE transactions on Electron
Devices, 1985, 32(10): 2087-2091.

[19] Fastow R M, Strum A. Monte Carlo simulations of the
cross talk in InSb matrices [ C ]/Infrared Detectors: State
of the Art II. International Society for Optics and Photon-
ics, 1994, 2274: 136-146.

[20] Polovinkin V, Stuchinsky V A, Vishnyakov A, et al. Mon-
te Carlo Simulation of Photoelectric Characteristics of Mer-
cury - Cadmium - Tellurium— Based Infrared Focal-
Plane-Array Detectors [J1. IEEE Transactions on Electron
Devices, 2018, 65(11): 4924-4930.

[21] Lee I 1, Polovinkin V G. Dependence of the Modulation
Transfer Function on the Material and Design Parameters
of HgCdTe IR FPAs [J]. IEEE Transactions on Electron
Devices, 2020, 67(8): 3175-3179.

[22]Chu J, Li B, Liu K, et al. Empirical rule of intrinsic ab-
sorption spectroscopy in Hg, Cd Te[J]. Journal of applied
physics, 1994, 75(2): 1234-1235.

[23] Vishnyakov A V, Stuchinsky V A, Brunev D V, et al. De-
termination of charge—carrier diffusion length in the photo-
sensing layer of HgCdTe n—on—p photovoltaic infrared fo-
cal plane array detectors [J]. Applied Physics Letters,
2014, 104(9): 092112.

[24] Vishnyakov A V , Stuchinsky V A , Brunev D V , et al.
Analysis of charge—carrier diffusion in the photosensing
films of HgCdTe infrared focal plane array photodetectors
[T]. Journal of Applied Physics, 2015, 118(12) : 124508.



	引言
	1.1　结构和参数
	1.2　蒙特卡洛仿真方法
	2.1　IPS仿真结果
	2.2　IPS非均匀性分析
	2.3　模型差异分析


