55 42 %565 5 10 AND/ NS Q= o 1 Vol. 42, No. 5
2023 47 10 H J. Infrared Millim. Waves October, 2023

XEHS:1001-9014(2023)05-0574-07 DOI: 10. 11972/j. issn. 1001-9014. 2023. 05. 002

AR 2B R LT SR ST 5

Ao, WRE' EEE, FREL B OB, 2 K B M, B R
E{ 2%
(1. AR BORBFFE AT, JE AT 1000155
2. PERRA B R ARBT ST 2 AR A [ 5 R S0 =, JE 5T 100083)

FE. WM T KK R NE B GHRsE TN BRI, B ik ST T RSN ER A
TEHRER TR/ KR NEEBBIEMR, R T KEABSARE RN KRG TR mEX8RE A,
] & W% 7T B0 BB 30 wm B 320%256 K /K R 45 TnAs/CaSh A G E THHRMEN K, ¥EE S NEE bl L
LR AA A, BRI AN A RAR N B, S BOR B 50% 5 AR R K 4B N 7.7 pmGEEE 1) F110. 0 um
(B BE2) . B 17 204 (35 1 % 3K ) 8. 2110 emW 'Hz'">, NETD 52 31, 28. 8 mK; 3 £ 2 - 3 4 (& 45 1| & 3 %)
6. 15x10" cmW'Hz'"” ,NETD % 37. 8 mK, 3k 1% T ¥ Bl ty A% BUR , SL ALK /K R W 45,

*x B R CEBEK; KK REe; ETEEY

FE S %S TN214 X ERARIRES: A

Research on InAs/GaSb type-II superlattice dual-band long-/long-
wavelength infrared photodetector

LIU Ming]* , YOU Cong—Ya' , LI Jing—Feng] ,  CHANG Fa-Ran’, WEN Tao', LI Nongz, ZHOU PengI s
CHENG Yu', WANG Guo-Wei”
(1. North China Research Institute of Electro—optics, Beijing 100015, Chinaj;

2. The State Key Laboratory of Superlattices and Microstructures, Institute of Semiconductors, Chinese Academy of

Science, Beijing 100083, China)

Abstract: The development of type II superlattice dual-band long-/long-wavelength infrared focal plane photodetector is
reported. Through the design of energy band structure and molecular beam epitaxial technology, dual-band long-/long-
wavelength superlattice epitaxial material with good surface quality has been obtained. The 320x256 dual-band long-/
long-wavelength InAs/GaSb superlattice focal plane photodetector with pixel center distance of 30 um was prepared by
breaking through the key technologies of low dark current passivation and low damage dry etching. The detector chip is
interconnected with a dual color readout circuit, packaged in a Dewar package, and coupled to a refrigerator to form a
detector assembly. The dual-band 50% cut-off wavelengths of the photodetector are 7.7 um (band 1) and 10. 0 um
(band 2) , respectively. The average peak detectivity of band 1 reached 8.21x10" cmW'Hz'"?, and NETD achieved
28. 8 mK. The average peak detectivity of band 2 reached 6. 15x10" cmW'Hz"*, and the NETD was 37. 8 mK. Clear
imaging of both colors has been achieved, demonstrating the realization of long-/long-wavelength dual-band photodetec-
tion.

Key words: type-II superlattice, long-/long-wavelength, dual-band, focal plane array

P B SRR, AT A 28 o) 52 2% F) 7 5t I
P SRS Z BB 20 B LN, B2 T F AR A ER
IR, TE TV 43 2R RN R I R 4 v BE ) Il b IR

L
T

KA LT AR i 7T LA TR] i 3R AR 0 BRI 7

Y fs B H#E:2023- 03- 22, & B H #8:2023- 06- 13 Received date:2023- 03- 22, Revised date:2023- 06- 13
Foundation item : Supported by the Equipment Model Development Project.

{EE B (Biography ) : X% (1985-) , Y , VL FG % % N WF5E 5%, E ARG 4T M £E /MBI B BL S 2844 o E-mail : kaka_851001@163. com
’ J‘Eiﬂ'T’E%(Corresponding authors) : E-mail:kaka 851001@163. com ; wangguowei@semi. ac. cn


https://dx.doi.org/10.11972/j.issn.1001-9014.2023.05.002
mailto:E-mail:kaka_851001@163.com
mailto:E-mail:kaka_851001@163.com
mailto:E-mail:kaka_851001@163.com
mailto:E-mail:wangguowei@semi.ac.cn
mailto:E-mail:wangguowei@semi.ac.cn

510 Xl

1 4 KR K AR LS B s

R D S R R R R RE . H AT A LT MR
DU (4 Y 5% 8 B AL Ja/mp R/ B R AR B
KA A,

AT AT SR A I U 2T I 21 1y FH A 91 B
B TRRM R R R 28 2 s S
WEA R . 2011 4%, I [ P IL R 2A4GE T 55—~ 320%
256 InAs/GaSh 11 S fi A& A OB PRI 2%, Bk
PRS0 9. 5 m 113 wm, M P 45500 22 76 A
W BN 2420 mKo F—25 9 K FERLRS 7, 2012
AR PG b2 T T IR AR Sl 640x512 1 K/ R
o ST PRI 28, 15 T B A 30 wm , 76 81K T 5
W (0 FIZT (538 T8 (19 NETD 4354 15 mK #1120 mK™'
5% [ Raytheon /2 7] A9 AR I il 57 5K 21 MR 25 P
GIFRLIE 3] 512512, # 1k A 53504 7. 0~8. 5 um
DL 10.0 ~11.5 wm, H: 70 K I H 370 %5 B 5 W AH
A1 FE B2, 0 s 0 SR R DN 4 AH 24 (107 Adem® B 4%
2o 2019 4%, P RFBE A AR BT R GE T nipin RS 2
AP B, B TT LT AMRM 28 Y P i
s s A AR X AR, 2T A 45 ST T I 4 1) A O i 3 A
I H

Ejmii AR A Lb B 12K s EL AT S H IR AT
TR M AR B D SRS R AR
IV Y U BE G N, R AR SR B T R A
PR CTF R T InAs/GaSh 112588 Shks KA
PSQERAW |- S TR [ g IR Y N4 B s /3|
il # SEHE ST, WA TR oe L B 30 m 1Y 320%
256 K NUEE H AAR £T AN I 2 4 4 , 3 3 A R
XF TAEBE B b AT 288 . XU B A0k 4 4090 A
7.7 pm B D FT10. 0 pm GBEBE2) o I B 121

(a) N-type InAs cap, 0.02um (b) 038
N-18InAs/3GaSb/5AISb/3GaSb, 0.5um
M-18InAs/3GaSb/5AISb/3GaSb, 0.5um 06

7-10.5InAs/7GaSb, 2um 04
.
Aly,Gay ;S barrier, 0.2um &
02
7-14InAs/7GaSb, 2um mE
M-18InAs/3GaSb/5AISb/3GaSb, 0.5um
N-18InAs/3Gasb/5AISb/3GaSb, 0.5um 202
N-type Gasb substrate .
04

BT R AR R4 H K g P

{E £ I 5% 3k 5] 8.21x10° emW'Hz", NETD 52 Bil
28. 8 mK;; i B 2 - 2 0 i #R I A< 15 #] 6. 15x107
emW'Hz"?, NETD }7 37. 8 mK, - #4 62% R 4o 52t
T UGS .

1 K58

1.1 SHEm\Eit

Sy U0 2 4 4 R L S R RLIR B () ' i R
A K T NMwP-PwMN %5 4 , 76 W il 1 8] 4 A
Al ,Ga, Sh# &P S 1m #5 3h , B BR A~ p B4
fish DX, 2B NMar B MN " 2R 2544 i i g Ag 4 22 X
()35 2 e J3E R 8 T A3 38 1 0 R O i DG 3 B
al AR R aea an il 1R o
1.2 #RERKSRERME

SCHVE FH A RER 43 F AN AR AT 45
(AROR NN BN Y iy p 32 N R M R eING Rl B
A2 X 5 A XA KR A 22 K (2975 °C) Kk
WAL DX InSh J2% B2 B KA o R [R) R, AR S 3 i
TRRREY VG TR b A TR IR T 2R
PRI EE CRTTFE ST S AR UEAA B AT G 2528 1] A
PR o L BB, BT R R I AR e el
X 431 4 10. 5 ML InAs/7 ML GaSbh #1 14 ML InAs/7
ML GaSh. MR8 C A 250, K 8 b A% M IX 75 2
BT 221 InSh V- % 1 , K Z (1) InSh J -5 2 /1 42 ¥
FEHE R o 7E GaSh A JiE L Sr Btk AR K, 1 ML Y
InAs 7220, 1 ML InSh~F-A5K 1 7, PRI 4 35 e
WS DX R A T W AL IX 4% 75 %2 1. 05 ML AT 1. 4 ML 1y
InSh P71 77 . 25 & E| F AN TE TR 53 GaAs, 5%
PRy 224 InSh JEJE 2T 2 K Z 1Y InSb Al B4 T3

4000

Top Bottom
contact

= = Electron QFL
ﬂ — - -Hole QFL

= Valence Band
Conduction Band
----- Electric Field

43000

V/Cm

42000

¢ J1000

Blue Channel

Red Channel

Electric Field Intensity

" contact

L -2000
2 3 4 5 6
Position / pm

Fig. 1 Schematic of long-/long-wavelength dual-band photodetector architecture and corresponding energy band structure
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Fig. 3 Surface morphology of long-/long-wavelength dual-band superlattice materials (a) sample #1 and (b) sample #2
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Fig. 4 AFM image of long-/long-wavelength dual-band superlattice materials (a) sample #1 and (b) sample #2
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Fig. 6 (a)Microscopic image of 320x256 (30um) long-/long-wavelength dual-band superlattice photodetector, and (b) scanning

electron micrograph of focal pixel array.
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