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Effect of mixed-period gratings on the photoresponse bandwidth of
long-wavelength quantum well infrared photodetectors

TIAN Ya-Ping'?, LIZhi-Feng’, LINing’, LI Xiang-Yang’, XU Jin-Tong™
(1. College of Science, University of Shanghai for Science and Technology, Shanghai 200093, China;

2. National Key Laboratory of Infrared Detection Technologies, Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China)

Abstract: The expansion of response bandwidth is an important direction in the development of quantum well infrared
photodetectors. Using quantum well material with the peak response wavelength at 10. 55 pm, the diffraction grating
structure in the 30 um center distance quantum well infrared detector is optimized, and six different combinations of the
mixed-period gratings are obtained by mixing three grating structures with the periods of 2. 80 um, 3. 50 pm, and 4. 25
pm within a single photosensitive pixel. Photoresponse spectroscopy tests show that the response bandwidth of the
mixed-period grating can be broadened from 1.20 um to 1. 91 pm by up to 60% compared to a single-period grating,
while the blackbody responsivity decreases by only 12%.

Key words: quantum well infrared photodetectors, diffraction grating, photoresponse spectrum
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Fig. 3 The mixed-period grating structures of the pixel mesas: (a) SMW; (b) SWM; (¢) MSW; (d)MWS; (e) WSM; (f) WMS



2 1 PSR 3 25 « F 5 BRI MR I 25 T8 J) S DI M i iz 5 52 P 2 1) 739

K4 ARICCHIMERL | i) AR L IR SEM B R« (a) el 45
FIFRLEL; (b) YL AR T 12T s (c) AR AL 1A
Fig. 4 SEM photographs of the fabricated pixels: (a) top

view; (b) cross-section view; (c) oblique view of the focal plane
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Fig. 5 Normalized photoresponse spectra of the mixed-peri-

od and single-period grating QWIPs (operating temperature:

50 K, bias voltage: -5 V)

J7 1 55728 g B T BT AR T R g . B
— RIS A8 BLAT 1 — B R 0 55T, o8 10 A HIC
BT PUA S A —A> e H5I AT S PRDOL

MR TT IS, AT LAk & TG = AN B e,
3 SR IO BRI 1 P P . DTN H
UL T 1T T o A A T ARG R 1 A O 1
W23

S T WS R S R A R S AN B G
TE G T T o TR 2 R S B K 4 O
JIT o5 T AR Lo 9 B A A% 2 vh £ TR TR
28 wm X 28 wm = 784 pum?, 55 T IGHE A A AL A
FEARIBFN100%, H 2 7] UL, SMW FlSWM &5#4
FUE SO AR B 15% F110% , HIHE SR RE i (i
M o7 T A5 B B K I 58 . i ZE WMS 24 rpr R
WO 4 T e DX HLTE AR 7 E R 24% , (H
oA EE A 1,50 o, B8 A0 Xk AG 4 R 2
i R TE N BN

F2 LA AR RN FIER BRERERE

FriMt G EEEERNE S

Table 2 Response half-peak width, broadening degree
and percentage of table area occupied by

each sub-grating for the seven grating ar-

rangements
RS JeHHE e e EOCHPEI R TR T O3 L
, JETE
No. ViipiE-e pwm
S M W

1 SMW 1.91 60% 15% 16% 54%
2 SWM 1. 86 54% 10% 44% 32%
3 MSW 1.53 27% 19% 24% 43%
4 MWS 1.50 24% 37% 16% 24%
5 WSM 1.70 41% 23% 44% 24%
6 WMS 1.50 24% 42% 29% 24%
7 SPM 1.20 0 - 7% -

2.2 FKEMERTH

DAL A3 B T A5 O i AR L e R
JRE T ) e DG R, DRI X g A 45 4 1 i) 1 D' i
W BIEHEAT T35 LUSEBT 0 e 3 45 43 e 1Y)
O, Ry 115305 1B AR R X [A]—
(5] ] Esf 3 (LA T - 1o ) 1 BiF PR, i
B 45° RS AR SO EHEAT 1O . B 6(a)h
e o7 1 LG I 5 AL . T DL 31, 20638 v] LAY
fift BB F 1%, 43 52T 10. 05 wm A1 10. 55 wm,
T 45° R4 BE RS S ASAELE G S A 81 JH e )3
I B R T AR R REL A . LS A R
W1, T A B R OR S FAEE R, &
o T AR X FRETE W o A PN ot [
6(b) R 15— M JE HDGH ) &7 PSR OT & 18 iR



240 O hh 5 2 K 3 2 R 45 %

NG B LG 5 L LRI 2L 45° B} A B 1, R
O3 il S8 WA 4y 5, WA 43 A F 10,10 pm Al
10. 83 wmo X ULHITE M ICHE T, SEME LA 4544 Y
SR 5 5 BT BRI B W (AR ) A, R
NERLZLHL T 0.30 wme A2 B GAHECG A 9E (17 B
il , f5 0 3 T A I R Y 5 R 1. 20 wm, L 45° &) S
THT A9 96 1. 69 wm B/

B 7(a) A7 (h) 25 H T IR A EAHME ooke & 1A
FE 5 2 19 SMW 45 K4 F1 SWM 25 #4149 0 107 1% 1 400 4%
S LA IR TR AR S i 0L TR el T R T B s
o WUER L MESERER S LRLIEMSFA R
U BRSO A S 6 S 1% 1 6B A0 ok i A
SAUA S, 3R T BEAEE S LA 1A
AR A, AT ISR B 7S 2 TR M AR & LG
1 AGTE 9. 77 pom BHIE W47 2 7E 10. 55 pum FfHIT , 05
P 3FAE 11 1 pum BT . H AT D0, A48T 5 — A
10 MG P SLA i TR R DB =AM A
W, H AL A W AR AE R — L B X R IR
Sl BA A A — K — /NG G RE E A T T
JATH AN B T EA 1 AIEAL , KOG E
WIS LA 3 IR . AN R A e A
R MR Ry W R 2RI e b A T ARk
2.3 MR EMINE N = S ERE R

R T 25 25 B B S A5 A A B )
o, geit IR SIS 2 20t e e LY
e R A A L TR A 4T S5 AR 2
o2 T AR AT LOULER 2, SMW Z5 4411 S M,
WG A i AR E 4 Bb A B THE 43 B 15% . 16% Fl
54% , K XF R 9 G35 HUA TR A R LA 1 L
8% WERL G 2 7 L 77% WA 3 (5 [ 15%, X =
PGl A e BRI AU 2 (A T AR B R, R R
P& 3, /MO IEILA 1o [RARELL S 6l e iy
SWM &5k S M W S T R E 43 EL A 3 L 5]
JE 10% . 44% F122% . LA TR E 53 b 43 Sl 2 06
PLA 15 L 6% WG 2 7 LE 86% &G 3 i Lk
8% X HL =R A I, A 7 L f R S e 42
G2, HUORIERLG 3, /MR IERLE 1o X PR LA

x®3 HHI-THBEEA
Table 3 Fitting peaks of Samples 1-7

L2 45° edge facet

—— Experiment
1.0F —— Component 1
—— Component 2
- = Fit

0.8

0.6

0.4

Normalized Response

0.2F

0.0 > >
7 8 9 10 11 12 13 14

Wavelength /um

(a)

T T T
No.7 SPM
—— Experiment

Lor —— Component 1]

—— Component 2
0.8F - — Fit
0.6

0.4

Normalized Response

0.2

0.0

7 8 9 10 11 12 13 14
Wavelength /um

(b)

K6 H—AtHL IS Y W A5 P (a) 45° REAI S 1T 5 (b)
AW
Fig. 6 Peak fits of the normalized photocurrent spectra: (a)

45° edge facet; (b) single period grating structure
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Fig. 7 Peak fits of the normalized photocurrent spectra of the
mixed-period grating structures: (a) SMW; (b) SWM
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Table 4 The proportion of the sub—grating area—occupation and the integrated area in the spectrum fitting of

Samples 1-6
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Table 5 Blackbody responsivity of Samples 1-7
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