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Planar wavelength-extended In,,.Ga,,;As detector with 2.2-pm cut-
off wavelength

CHENG Ji-Feng"**, LI Xue'”, SHAO Xiu-Mei'?, LITao'?, WANG Hong-Zhen'*’, MA Ying-Jie'?,
YANG Bo'’, GONG Hai-Mei"™

(1. State Key Laboratories of Transducer Technology, Shanghai Institute of Technical Physics, Chinese Academy

of Sciences, Shanghai 200083, China;

2. Key Laboratory of Infrared Imaging Materials and Detectors, Chinese Academy of Sciences, Shanghai 200083,

China;
3. University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Planar-type 2. 2 pm wavelength-extended InGaAs photodetectors (PDs) using the sealed-ampoule diffusion
method was reported. The zinc arsenide powder was used as the dopant source, which was driven into the cap of the
In, ,.Al, ,;As/In, ,.Ga, ,As/In, ,;Al, ,.As hetero structure materials grown by molecular beam epitaxy (MBE) , using a
SiN, as diffusion mask deposited by ICP-CVD. The junction depth, the lateral collection width of photogenerated carri-
ers, the I-V characteristics, the spectral response and the detectivity of the detector at different temperatures were ana-
lyzed. The results indicate that the PD exhibits a low dark current density of 0. 69x10°A/cm’ at -10 mV at 150 K. The
cutoff wavelength and peak wavelength were 2. 12 um and 1. 97 um. The peak detectivity, peak responsivity and quan-
tum efficiency was 1. 01x10" cm-Hz"/W, 1.29 A/W and 82% respectively. These results suggest that the planar-type
InGaAs can reach high performance.

Key words: wavelength-extended, InAlAs/InGaAs, diffusion, dark current density, quantum efficiency
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Table 1 Size of each pixel of 7x1 linear arrays
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Fig. 2 The microscopic picture of 7x1 linear arrays
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Table 2 The measured peak wavelength, peak respon-

sivity and quantum efficiency at different

temperatures
BE  #BbE  %EE . AL BT
/K K/pm K/pum ¢ * 9
A/W
130 2.10 1.95 22 1.27 81
150 2.12 1.97 21 1.29 82
170 2.14 1.98 20 1.30 82
190 2.16 1.98 19 1.31 83
210 2.18 1.99 18 1.32 83
230 2.20 2.00 17 1.34 84
250 2.22 2.01 16 1.35 84
270 2.24 2.02 15 1.35 83
290 2.26 2.03 14 1.36 84
300 2.27 2.03 13 1.30 80

2.4 ETRNZESH

R FH RRARAE SR a5 G % i I %) 2 47 0
A B AL, XFZR B Y 500500 wm’ S
BT AT 175 S, I8 AL B0 & T R il e b T
Mg P 0 3, A5 5 I 2 1 < JRAAR TR B2 900 K, JRAAK AL
28 mm, [ 2 M HEES 23. 0 em, X FREE 1R 300
K, P34 %4 96 80 Hzo R LA R A8 T8

4 _ ma 2
P:U(Tz Tl)xﬂd <A, L 3)

2«/§7TL2 4

Vs
f“ A, Af . (4)

*
Dy, =

B
D, =6GxDj,=6x"" [Anf . (5)

P

X (3) i PRI ST D), L Ry AR S L
AR BB, o R ek B, 7o BARIR T,
Sk R I B (— R =R ) 4 R B L AR
AR T A

K ()P VN E SR, VOB S B R Af R

UL ;

KOS H, 6 R GHETF BUEAN 2 FiR

PRI 287 AS TR B R A9 45 5 5 0 75 ik 4
WE 9 Ji7R RS R R W A5 5 BETRE Y T 2 o
PHAR I, MR 75 Je G2 1, iR & T 230 K e
AR MG K, W (E BRI ZEAE 150 K ik F 1. 02x
10" em-Hz"™/W , W {B0 M) [V 38 1. 29 A/W, & F 3%
82%.

160
10 1140
4120
2 2
é 11005
[ol:) 0]
C 480 )
2 zZ
7] 4160
J40
6
420

T L] L} T L} T L] T T L} 0
120 140 160 180 200 220 240 260 280 300 320
Temprature/K

Ko A5 KM Sl C R

Fig. 9 Signal and noise versus temperature

3 it

AFF 0 TR AR S e g N 1 A R IR 214
InGaAs FM &, M40 B 7 HRI &5 7EA [a) i B2 T
B R PERE . 7E 260 ~ 300 K A4 IR ST Y L $2 U
E, N 0.50 eV, X 5 In, ,.Ga, ,,As B A B 417 BR (E,)
32T, Ud W T R 28 F PN 2500 T e H O 2 2
ARAWE], LT YR R RS B TR
JFE B A, #2022 S LA A 5 G i = 1R
Ao 150 KT A #f b 3K R 2. 12 wm, E(EH
T2 A 1. 01x10™2 em - Hz"/W , WEAE R W 2R A 1. 29 A/
W, i F30OR A 82%, 71 7w H K A4g A I L i M



51 P IR BRI 2.2 pum (0P TR R0 K TnGaaAs FRIZS 500

Ja St — AR B A R SR, AR I 4 5, T3
S EEREARSE— PR JFAE 2. 2 pom KT R £-F
T g AT A A R

References

[1] M D Michael, H Andrew, G Jon, et al. InGaAs focal plane
arrays for low light level SWIR imaging [J]. Proc. SPIE,
2011, 8012:801221-1-801221-10.

[2]7] Battaglia, M Blessinger, M Enriquez, et al. An uncooled
1280%1024 InGaAs focal plane array for small platform,
shortwave infrared imaging [J]. Proc. SPIE, 2009, 7298:
72983C~1-72983C-8.

[3] ZHU Yao—Ming, LI Yong-Fu, LI Xue, et al. Extended-
wavelength 640X1 linear InGaAs detector arrays using N—
on—P configuration for back illumination[J ]. J. Infrared Mil-
lim. Waves, 2012, 31(1): 11-15. CRHEW , 22K &, 2B,
S LT N-on—P 45 H (9 15 IR ZE Al I 1S 6401 £ In-
GaAs TR AR [1]. LTSN 5 =R IBF R ), 2012, 31(1) -
11-15.

[4] A M S Gloudemans, H Schrijver, Q Kleipool, et al. The
impact of SCIAMACHY near—infrared instrument calibra-
tion on CH, and CO total columns[]]. Atmos. Chem. Phys.
2005, 5:2369 - 2383.

[5] G Hopkinson, L G Rojasa, M Skipper, et al. Testing of In-
GaAs, microbolometer and pyroelectric detectors in support
of the Earth CARE mission [J]. Proc. SPIE, 2020, 7106:
710610-1-710610-12.

[6] Yong Gang Zhang, Yi Gu, Kai Wang, et al. Properties of

gas source molecular beam epitaxy grown wavelength ex-
tended InGaAs photodetector structures on a linear graded
InAlAs buffer[J]. Semicond. Sci. Technol., 2008, 23(12):
125029.

[7] Olsen G, Joshi A, Mason S, et al. Room-Temperature In-
GaAs Detector Arrays For2.5 A }Lm[ﬂ. Proc. SPIE, 1990,
1157:276-282.

[8] P Mushini, W Huang, M Morales, et al. 2D SWIR Image
sensor with extended wavelength cutoff of 2.5 pwm on InP/In-
GaAs epitaxial wafers with graded buffer layers [J]. Proc.
SPIE, 2016, 9819:98190D-1-98190D-9.

[9] Gregory H Olsen, Michael J Lange. Three—band 1.0-2.5
pm near—infrared InGaAs detector array [I]. Proc. SPIE,

1994, 2225:151-159.

[10] Martin H Ettenberg, Hai Nguyen, Christopher R Martin.
High Resolution 1.3 Megapixel Extended Wavelength In-
GaAs [J]. Proc. SPIE, 2018, 10624: 1062404-1-
1062404~7.

[11] Kazuhiko Ttaya, Mark ] Mondry, Philip D Floyd, et al.
Impurity—Induced Disordering of AlGalnAs Quantum
Wells by Low Temperature Zn Diffusion [I]. Journal of
Electronic Materials, 1996, 25(4): 565 - 569.

[12] Wintner E, Ippen E P, et al. Nonlinear carrier dynamics
in Galn,_As P, compounds [J]. Applied Physics Letters,
1984, 44(10):999-1001.

[13] Wichman A R, Dewames R E, Bellotti E. Three—dimen-
sional numerical simulation of planar P'n heterojunction
In,,,Ga,,,As photodiodes in dense arrays part I: dark cur-
rent dependence on device geometry [J]. Proc. of SPIE,
2015, 9070:907003-1-907003-21.

[14] DENG Hong—Hai. Study on high—performance planar In-
GaAs short wavelength infrared detector[ D ]. University of
Chinese Academy of Sciences, 2013, pp26. (XL . &
PEREF- T 2 InGaAs R P LLAMR I AR 052 (D], h B R}
%E{j{i",ZOl?ﬁ,ppZ&)

[15] DENG Hong—Hai, TANG Heng-Jing, Li Tao, et al. The
temperature—dependent photoresponse uniformity of In-
GaAs sub—pixels infrared detector by LBIC technique[J].
Semiconductor  Science and  Technoloy, 2012, 27
(115018): 1-5.

[16] Goetz K H, Bimberg D, Jurgensen H, et al. Optical and
crystallographic properties and impurity incorporation of
Galn,_ (0.44<x<0.49) grown by liquid phase epitaxy
[J]. J. Appl. Phys., 1983, 54(8):4543-4552.

[17] Sjal P, Roy J B, Basu P K. Empirical expressions for the
alloy composition and temperature dependence of the band
gap and intrinsic carrier density in Ga In, As[J]. Journal
of Applied Physics, 1990, 69(2): 827-829.

[18] Kang Rong, LI Li-Hua, PENG Man-Ze, et al. How to
Determine the Peak Detectivity from Measuring Blackbody
Detectivity—the Calculation of Factor G[J]. Infrared tech-
nology, 2005, 27(3):263-265.(FE% , 25 48, w8 %,
& BIR D, W E I D, AR B IR P BE D, ——G
TR ] D5MEAR),2005,27(3) :263-265.



	引言
	1　器件制备
	2　实验结果及讨论
	2.1　扩散结果分析
	2.2　暗电流特性
	2.3　响应光谱特性
	2.4　探测率分析

	3　结论

