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Abstract

Key technical study on InGaAs SWIR detectors

Abstract
Li Yongfu (Microelectronics and solid electronics)

Directed by Professor Gong Haimei

InGaAs detectors covering the short-wave infrared spectrum could get high performances
under near-room temperature, thus have great advantages in infrared system miniaturization and
cost cut. And InGaAs detectors have found wide applications in space remote sensing, optical
communication and environment supervision. This dissertation focused on the desire for the next
generation short Wavelength infrared (SWIR) detector used for remote sensing application in our
country, and aimed at the design and fabrication of high performance InGaAs FPAs. Based on the
existing achievements of our research group, several key fabrication technologies have been
developed and improved. The cross-talk in three types of InGaAs detectors was studied. And
different detector structures were developed to study the suppression technology of extension of the
photosensitive area in planar-type detectors. The open-tube diffusion method for planar-type
detector was developed. The diffusion mechanisms of Zn element in lattice-matched and
lattice-mismatched were analyzed, and planar-type long wavelength extended InyGa;.xAs detectors
were fabricated by using epitaxial wafers with InP and InAsP cap layers respectively. And then the
N-on-P type back-illuminated 640%1 linear InyGa,.xAs detectors with 2.4pm cut-off wavelength
were fabricated using ICP etching method. And the main results achieved in this dissertation could
be listed as follows:

The mass of the quartz loading boat was reduced to decrease the temperature-raising time of
the wafers, and thus the diffusion process was greatly stabilized and thus the detector fabrication
process became controllable and repeatable. To optimize the diffusion mask, the SiNx film grown
by PECVD was developed instead of the SiO, film grown by magnetic sputtering, and the dark
current of the planar-type InGaAs detector was greatly reduced. Under room temperature, the dark
current density at -0.1V bias was reduced to ~20nA/cm? from 100~300nA/cm?.

One experiment setup was developed to study the cross-talk characteristics of the planar-type,
deep trench and shallow trench InGaAs detectors, and it was indicated that the guard-ring and
shallow trench structures were useful in cross-talk suppression. The small diffusion window method,
circling cover contact, guard-ring and shallow trench structures were developed to suppress the
extension of photo-sensitive area in planar detectors, and AFM, SCM and LBIC technology were
used to quantificationally study the suppression effect of guard-ring for the detectors with
guard-rings structures. After guard-ring was brought in, the extension value of the photo-sensitive

area reduced to 7.49um from 14.44um.
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The optimized diffusion technology and the guard-ring structure were used in fabricating the
256x1 linear InGaAs detectors with diffusion area of 25%x500um? and pixel pitch of 50pum. Under
room temperature, the dark current density at -0.1V bias and peak detectivity of the detector were
~23nA/cm?® and >1.00x10"%cmHz""*/W respectively. And at 5ms integrated time the average peak
detectivity of the FPA was 1.87x10"%cmHz"*/W.

The diffusion mechanism of Zn was studied in the lattice-matched InP/Ings3Gag47As and
lattice-mismatched InP/Ing 2Gag 1sAs hetero structure with the sealed ampoule method using the
SIMS and SCM technology. It was indicated that in the lattice-matched material the difference
between the PN junction depth and the Zn diffusion depth was smaller for the lager Zn activation
ratio. However, the difference was bigger due to the smaller Zn activation ratio in the
lattice-mismatched material, and thus made it difficult for detector fabrication. The planar-type long
wavelength extended InyGajAs detectors were fabricated by using epitaxial wafers with InP and
InAsP cap layers respectively. For the detectors with InP cap layers, at 210K, the peak detectivity of
the single elemental and eight-pixel detectors got the peak value of 1.70x10° cmHz"/W and
9.40x10° cmHz"?/W respectively. For the detectors with InAsP cap layers, the peak detectivity got
the peak value of 8.30x10'%cmHz"*/W at150K.

The ICP etching method was used to fabricate the N-on-P type back-illuminated 6401 linear
In,Ga.As detectors with 2.4um cut-off wavelength on the N-on-P type Ing 78Alo22As/Ing 75Gag 22As
epitaxial wafers. Under room temperature, the RoA product of the detector was 16Q+cm?. And at
240K, the RoA product and the signal-to-noise ratio of the detector were ~1000Q+cm? and ~650
respectively. At Ims integrated time, the average peak detectivity of the detector FPAs would get
the value of 1.55%10" emHz">/W at 250K and 2.16x10"'cmHz"?/W at 232K respectively. And the
non-uniformity of the signal was 8.59% at 250K and 7.10% at 232K.

Key words: InGaAs, space remote sensing, short wavelength infrared detector, guard-ring,
cross-talk, focal plane arrays
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Fig.1.6 Atmospheric transmission on sea surface
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Fig.1.10 InGaAs detector products from Sensors Unlimited, Inc.
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Table 2.1 Parameters of the epitaxial materials for these three detector arrays
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T4, —HFZEMSEIREEE AN 7. 124 17 & 22um. FIA LBIC MR R Ze 5t 2844 06 i B2 45 14
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Fig.2.27 LBIC signal gray isoline maps of the detectors
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Ige(x)=A+ [oe_x/L (2.6)

Hb, Tpes x« Ly I F1A 25005884 LBIC /55 MRRJEHR K pn 0% IEE . Juk
ATV O S 2 RHA B MEEE . W TR, pn 45H B
AR T4 8 Y BIEA pn ST AR, ATTXT 3RAHE 57 £ ik, Wi 2.28 BT, (2.6)
A SRR LA 2SI SR MR R & R EF, S EIa BT B EL0 14.44um,
Al LA B8P ROCBULY KT 14.44pm.

(B2, ESARBEMNEFTREHWLE, MRS REIEERPTAEN, 2Rt
T PRI IE, QONEAFEEH . AXHERIPTGHIH[ER LBIC F5WE
HLEHEATIIA I R, MEHESSHAMXRAFERY, W 228 7w,

] —Z{( X=X 2 1112
1 pe(x)= A+W—7(;/2€ et 2.7

o, Lpes xo AYBIEHE LBIC (55, MRIEHK pn SH&IEE . w, xc 4 B10 R
H-25 i G BT BB M LBIC {5 S RAAKIICTELLE, [ and 4 BN HLLAIUE H L,
I,/ w7z /2 R, RIS S IRNIEEN) 1e WHESCHR AL E R 2t AR T (1
PECKJE OGO K ME), s T E AR, FOGERR T B RS By
R, AR R B B B A AR S5 R RO s AT SN

fzx(HWJE 2.8)

%23 WIBEMTA LAV IR S ST A9 2 BUR B LA

Table 2.3 Compatison of Gauss fitting diffusion length and measured value

Actual guard-ring to PN Gauss fitted L’ Experiment position LBIC signal Difference between the
junction distance / pm / um reduced to 1/e of peak value / pm | experiment and fitted value
7 7.488 7.633 0.145
12 8.962 9.374 0.412
17 10.780 11.023 0.243
22 12.450 12.586 0.136

RIRR Q.7 E 2.28 FEE MEHATEE, HHE8)ITHE KRG FH M b BR T
B HEESNHR 7488, 8.962. 10.780 } 12.450 um, 5234 SEPRAYIR-EEI0 % AR 2
(B B¢ R0 2.29 FioR:
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Fig. 2.31 Cross section scheme for planar type InGaAs detector with shallow trench around
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Fig.2.32 Comparison of suppression effects for guard-ring and shallow trench structures around the pixel
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FRSRE RS0 P A 280, MREY 1.5um, I EEREEMKIBBIITT 2n TENY
AL TRRIRRR R SR — AR R 450, AN 2.31 FTR.

RPN G5 5 VR KR B A 45 M0 85440 1 LBIC WX Lhan & 2.32 iR, 2845/ B850
ARG, T A ERREE SR — U4, FIF LBIC RGN 84H#4T T
PR, RPN R B SUBUTY Bl RS BEE & — 8, NEEALHHIH 15,
10, 20pum, FHEBJEHOTHIHOFE 100um. ATTEEXTEL, STER4FM LBIC 34T 784k, #ARN
KA

I(x) =10x10og({ 5 / I e (peak)) (2.8)

HE 232 TI4A, PIMPERESMXDCBUTY R IHIRERE AR UM . TR H L
HI2fE, BT RPIAFBEEN, POCEUT R X IR ng ik 215 /ME, (B2 48680t
HRESE—ENTTER. X TREASEHNSEE, EREGXE, HI—/nNgE,
HEEE RS CBUTRBERIE R, N IEE 2T BB, XN XS5 X0 ERR RS
R, (BARLIGRTTH A E SRR B — 2 I El . BT R B R N —
ol NV R FEE LA B 2K BE A BRI R
R 2.4 BTGB I BB AR R 1

Table 2.4 Black-body response characteristics for different detector structures

- OHIREK Dy REE+TEPRX

FHAL FEREX ;

T 40x45 S

(um?®)

SeoT AL

50%x50

(pm*)

PEES um 5 20 20 20 10 10 15 15 15
F—;‘_-’Lﬁi S 4T

WAL+ Ry 1.39 | 1.60 121 | 1.10 | 1.00 | 1.05 1.00 | 1.11 | 1.01
I mv

BT UEY% 992 | 114 86.4 | 78.7 | 71.7 | 755 717 | 794 | 723
MG A/W | 1.24 | 143 1.08 | 0.98 | 0.90 | 0.94 0.9 | 0.99 | 0.90
HAIE mV 1.36 | 1.65 1.10 | 139 | 1.19 | 1.02 | 1.10 1.10 | 135 | 1.10
BTN EY% 96.8 | 118 787 | 992 | 84.8 | 73 | 787 787 | 96 | 78.7
WEMN A/W | 1.21 | 1.48 0.98 | 124 | 1.06 | 0.91 | 0.98 098 | 1.2 | 0.98
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oL AT iRy 2 Ap e ¥ G Sy e Ve AN E14c:1 7 € SOl e R UE RS s Bl
TR, S2FoP ML 40x45um?, ARPHE SWREM N BARH AT G 2 FIE R
15cm. Tt B FRERE EE 300K . SEARIE R 900K B4k 4 7LA2 Smm., BLFHK SR AT 107A/V
Hogr Q0Hz, NG R 5B MK LN 2.4 Pivn. BRRGRAT LB Eie:

BE B+ RIS S BN TR TR AN BAES, TRIER: REEL
BT T MRS AT — R, B, RARERE M ST R, e
b DL 3 S R S R B 506 BT R O BR B LR T BE B T, IR S B PRI IR 4
FIRAEG, R B0 S5 5 ST B BB AR AR T R E PRI 2, ATl T 281
MfES.

S RIPTR R, W BRI R G S ST M EE A RS U, AR EIA R
B, AR ETF R TERTEE, 2T e DURR AR 8 sk
2.5 {RIFIRLEH 256%1 ZTIBSHFBYFI&

3 3 7 2R T R R B I NAR PR 5 Y T LU 2t S R BOE AT B X, FFEE— TR L
JIEARAR T 2 AR B . AT RGP IR, FR L R8s % T 2R T o6
B 256x1 TERKLEF S8 pE, SRR LR 2.33(a), AEBHCREILE 2.33(b), HAIHBoLy
S LT 25%500pum?, ABARFEBIT LR 50um, EARSRPE BT Z MBI AR LR, IR
RS Spum, ARIPIR S AT R EE A 10um. SREUIT P EMXUATIH, SR IR
AT, MR N A ERA KN, FRaRS A tmfamsg, DR Eai
TEHHAT 52 RS . B 2 ARAR M = S0t 4T LBIC WA AT 40, & 2.33(c)fiR, &
TEINGE BN, AR T 0 B BT ROE I H A
2.5 HIIEE I E AT 5 R Al

Table 2.5 Black-body signal and noise characteristics of the tested detectors

=T A10 A8 A7 A6 B3 B4 BS

EE A 6x10™"° 6x107" 6x107"7 6x107"° 6x10" 6x107" 6x107"°

=N 9.1x107" 9.5x107"° 9.2x10"° 9.5x107" 9.0x107" 9.0x10° 9.1x10™"

e e
““?"‘%ﬁ,‘{‘”*" 133x10° | 1.27x10" | 1.31x10"° | 127x10" | 1.34x10" | 1.34x10" | 1.33x10"
cmHz /W
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Fig.2.33 The 256x1linear InGaAs detector array with guard-ring structure (a) planform of the whole detector array
(b) local photograph of the detector array (c) LBIC scheme of three neighbor pixels (d) the normalized LBIC signal
for the three pixels in (¢)
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Fig.2.34 1-V characteristics for the measured detectors
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BEFT, AHATEFEERN AN ETFEAFETREEN . £ PFmR&rf: Eil 300K,

900K EARIEIR, B HFLIEEEFH 75em, BAHF A Smm.
ETH RS S B ERR AN
Vs =Ly LAy 1 Cige (2.10)
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GD;, = GV, AL 1/ 21y, (2.11)

V,ol; -1y )4,

Kb D, N BARNE, V, MESHE, V, ARFBE, L ABERMENEES, 1, h
TR I, o RirakiEH # 5.673x10 W/ (em?> K", Tp A BAEE, T, hAHEERE, 402
WARGTFLR, Ap HERIBRTER

 ETESMN “BERR” EXCVETETHEREGT S BN E S, B N, &
™, “BEICT B TEBIT M Cd gt . Hp, “TEITTT B IH<0.5 fFFHIE S ERR
%t HdFR, “DAgI” B A>15 BFESRENGT, Hhxrs, W “Eux”
ok

D; =

P

N, = é;hx1MB6 2.12)

HAPN BB
PRV T W B R AN SR O, LM T T AT 3045 TG I N 28 35 5 AR (B B T S i L 26 f)
SrE, HATHENE S BERAFR A,

z%=lJ;12@o)VY 2.13)

V.

V(i) HEE i METUIE S B, V W AMEILHTFHIE S BE.

Wl 2.37 ZE R, BTl 256 LR 15 “B LY, “BILR” K 5.86%. 1 “H
T MEBEREMZRAEK SIO HMIE)E, EHAT P BB KN, BTN MAFEIERL
AL ISR T BT, ERER GBS T WA K R ICHET LU, “E7n” Frxd S
LI E RV EE, #F— P HREFENEERREST, W BX T2 R mat
WIER AR A GIAREFEEZRAN . AEAE “Bx” BEEFENES, EABSHLN

47



AU AL InGaAs FRIUAICH T SRS

1.65%, )53 RIF,

0'8'I‘|'I'I'I'l'I'I'l‘I'I'l' 0.45 ey LML RARAR

T 1 T 1
0-6._ 0-40 1 If I
o 04 > 1 i
2 22 Hr Ul 2 | “
; | il |2 L
E ool 40 i T 160 180 (200220 240 | o o30p ]| [ H
- @ i ‘ i 1
£ 02 , 1 &40 :
5 o4l Pixels ] 3025 ‘ ; «ft
= i i i
£ o8} 1 & ool ALY | ;§
f i
2 08 18 EE” \’ 3 “’
Ln 40 1l B 0.15 | ‘ I
5 2 | ‘ i
3 2 1 = o010 | | !
W] g “ ‘ i |
518 @ ”“ ‘ ’ | | “'
o -1.6f ] I i
w i i
1.8} 1 00y 80 100 120 140 160 180 200 220 340
-20 Pixels

Kl 2.37 5ms FA 5B (8] F &P 1S 5
Fig.2.37 The FPA signals at 5ms integrated time

4 5X104 T T T T T T T T T T T T T T T T T T T T T T
4.0x10*
52.0x10 J ‘
@ 3.5x10 N \
han [} i i
T 3.0x10 ‘ T
g 2.5¢10°) | 15 | ‘
2 oo AR i |
2 20x10%| | 21.0x10 | |
0 , | i | = u i f “
5 1.5x10 £ Wl
L oo | 1L 1 "
3 1.0x10° ll ‘ 2 5.0cto AR LA
% \ | " |
) sl i . :
Z 5.0x10 [ I i 2z \ ‘
ool | | i “W A |
720 40 60 80 100120 140 160 180 200 220 240 0 20 40 60 80 100 129,140 160 180 200 220 240
Bl 2.38 Sms FRS3BF ] £ T £ 7 % e i R 2R
Fig.2.38 FPA noise and peak detectivity under 5ms integrated time
0'00041I""l""l""l""l""l““’l""l"“ 0'45I""I"'I""l""
—a—1 b
0.co040-r @ 40 B [
3 Be i 040
0.00039F —A—80 AN C
0.00038 0.35
0.00037§ 0.30f
> 0.00036f 2 i
2 0.00035f g 025
[ [ =
< 0.00034f - ? 020
0.00033F i
e S 0.15F
0.00032F ) 2
0.00031F ] ot 7~
be’ ¥ ] (87

O.m0301 PEEN S |I||.l::-l...nl.:..l,‘ﬂlnuul

L 0‘05...I....l....l..,.l....l....l... PRI
0 15 20 25 30 35 40 45 59 10 15 20 25 30 35 40 4.'5 510

Integrated time / ms

151 2.39 N RIARS) 1 18] F B SPETT 0Me 7 J 12 2 f s A,
Fig.2.39 Integrated time dependent noise and optical signal for the FPA

Integrated time / ms

48




o BRI Ing s3Gag erAs R ESHATI 5T

0.0125|-ll|""|“'1"“[""|""l""l'"l“"l""- 450 T T T T T T 7
0_011? .*.\./-\. — [
0.010F ——1 _ § 400
o.oer """ o gg 18 |
—h— I & [
0.008- .. v 120 SR — ‘» 3.5F .
T R S E— oy v 1 E L O~ Signal
© £ ] r
50.006F § £30
& F 1 Y b
E j © [
§ 0.0055- - £ 250 J
0.004f £ ~
: 2
0.003: z 20k 1
0.002 - . 5] ]
TAREFIVIN SPRVEFIrS VRIS IS UVUU S TSI S S A RSN RPIE S RPSTAPATI APATRr A R " 1 | t I | 1 [ I
05 10 15 20 25 30 35 40 45 50 55 10 15 20 25 30 35 40 45 50

Integrated time / ms Integrated time / ms

& 2.40 AN FIFR 7> B 6] T £~ T AT 15 5 A fm 5 A SR AR Ak
Fig.2.40 Integrated time dependent dark signal, and non-uniformity of the optical signal for the InGaAs FPA

BI2.38FT 7 A smsAR IS ) Y, BBk “Eo0” EAFImARAE, SEIThEERRRA,
& AR TT RIS I F R AR K . B FIEABR R R — AR PIE d a, FRIMERE A
R 7R DA R 5 e R A MR R, L R AR PSR BE AL A R, BESE R4 B (] A AR A 0 A S T
PR DTRRA RN, TRUNES T Fr (0 6 75 BB AR 0B (8] B9 34 R S % BB P T e 75 o ik, Ln &
239 B, BEERR AR, AP EISHrIE S SR 1] HEH H B R R,
Ui A ST TR M P SR 2850 D, R EEORIE T B . X, mieTLuE
T8 24 B SE AR 0 B TR SRk B 38 KA~ TR Z2 1 B 196

FEGRR BT A, AP RSP SIS E IR R AN 1.87x10%emHz"?/W, SIRMEE A1)
IR ZR(1.19x10PemHz Y/ W)EAF Y . I 2.39 AT, BEERSENEK, &P
AR ARAAR DN, TIE S Mt 300, Bith, ] DU I A< A5 1 T AR 23 I [ Sk st oK AR S Y
WEERRME, TE, HE 240 HEFTA, &SRR N AR UfE— e E LR s e T
B mat.

EPRBEEE S — 7 HRIR T CTIAGL H B R BRI s, % IEBICTIA S H &
BRI RS ARSI 28 _EINE A SEFR R B R AE0~3mVZ ], ERES L4774 0~-0. 1pARIES
S, RXSWINRE(E 5 Bma e S, 57K B InGaAs S i B 5 BN
W, JEEUE A ACTIATCR B B S, HOGBUE A5 i R £8P T {5 5 I STk vl A
ARV, =Ly Tndy 1 Co TIEY, W4, VRSN R BB BNIZSE
EE AR EBRE—E, B, BERS R, RG-SR, iR FEH
SIEIFE R, HBESHREFEAE, WE240EE R, HEXAER IR B IRTEHT H R
SENEAFARURE, MERERES.

49



AT AT InGaAs FRIUASSCHE L ZHURIIYE

2.6 ZnO EHI BUEFET MR

TR [nGaAs S04 (3 UL S T S\ E B PR, FFEY BAMAEY . MEY EETH
) —Fhir BT 3, — AR ZnsPy B ZmsAs, ME AT HUE, RO RYBESS, WAPREISHE
BN, XA BERER, (ARY O EFETESHE, SEER T Hud R+ A
bk, MAZRAREE R THIRS, NEFTRIMBIRMHE, BRI RFRERA R
IRV ST M FHR R A P B Y B R R FFEY By B PR, — Ry
AT EE, TR . CTERES, MY O IS AT R RS, I
WA, HEAE TR, SRR E AT BRI SRR TV A
RS, XHOTREE TR, ETEERE. AR ZnO BESY BUEX T ET
s 7 AT T AP T 9.
2.6.1 BFH& LT 2HRE

Wzmn@ﬁﬁgﬁﬂIﬁth@%%&ﬂﬁ&Lkb@#ﬁﬁ(mkﬁ#ﬂ%ﬁ(aﬂ»Wﬂ&
45 (dp~ n Bl %
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Fig.2.42 SCM schematic of the junction-depth with a diffusion temperature of 540°C for 20min
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Fig.2.47 Recombination mechanisms in InP/Ing s3Gag 47As after Zn doping
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F=E FHERET E InGaAs TSR

31 31§

5 InP S8 IR ALY Ing s3Gao a7As BRINEFACIE J7 A OB - KR 1. 7pm, X P K A 2841
Z N AT B, BRAEVZEFNAT, FEFRUBMEILEKAKET B, i
TR FK D TE 1.9um RIS, “LIDAR” RS FEE 2.05um KM, JH,
WKIEY R InGarAs TRINB FERH S EA M, BHAEKEY R InxGal-xAs HNB D4
B TRENMRE. AEN T PRAKEY R InxGal-xAs BN HAT T W5 R RS, &
30T BT T BY AN E A B P R B RN IR . BAA THBRITEERE KL
InP/InxGal-xAs K @& ILED InP/Ing s3Gao47As ZMER R BH BT, A5 KA InP & InAsP
Y4 F B JZ I 53 B 45 M A SRR B4 T P T B KB e InxGal-xAs $RIUES, FFxt HAEREM T
IR
3.2 InP/In,Ga1xAs RREHH Zn TTEAIY B F

PN 452 InGaAs JGRBR P B EZEMEELMZ —, FiHE InGaAs HRWEHIH &K
Wit Zn BT ZAE n BRI AT p HIBITER, BRITRNBRRESY BIRE, Rl &
pn GG, MHERBHENETURFEELRELZMNZW, NIXHNYEENWEHELE
InGaAs FRU 28 T ERF AR HE

T 24 254 B M DR A A KR B R B, R B RMUE MR A 43, X E A R
R B K BB AR AR A 5 7 A A R ET, RS RECHFAE SN 3 T &R KA
AR AR e e b= P B s 6T e B i e R PN €7 S S AT 1 SN e AL
SHERK, AWELHAET HAERX, FH ZnP (EAT HELIT Zn UEREBKRE
InP/Ing oGag 15As K A& ILER InP/Ing s3Gao7As FREMANER IR B2, KARMEARE
AR (SCM) B IR F Bt (SIMS)S Zn 76 B RF AL LR 3 SBMLEIHET T 853
3.2.1 FHBAEBMEAR

EYETEH, W T2 BRAE % R K T i (SIMS) M, BT LIMERa
B G RAERE R TTHIREE ST 2R, R, SIMSHINAE BRI R BRERAIRES, ToIESEI
KBRS GAATERERE, MEERREIEATERETH—HORTELER. 75,
SIMSU KA IBATRMY BURE, L LB FRLEY, ESEPHUBRTRI A ST
BoE, SIMSTUAA MY BUREH A — € RIS MERFMPNERE, XN —MRESRABMNLF
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3.2.2 ¥HEEER
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JFEER W EM B EAEKEE H0.8 umINE InPE I EM B, BRKE~10"%m>. HTFIEH
ELR IR 5 SR EM AL Z R RS AL, X Ino s2Gao 1sAs 5 InPH L2 (8] 47 A 412% )
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Fig.3.7 SCM and SIMS measured diffusion depth and junction depth in (a) lattice-mismatched InP/Ing 53Gag 47AS
and (b) lattice-mismatched InP/Ing s,Gap 18AS

% 3.1 SIMS T HURE S SCM Jll#F pn GHR HLA
Table 3.1 Comparison of diffusion depth measured by SIMS and pn junction depth measured by SCM

MR - H [8] (min) | SIMS ¥ BUERRE(um) | SCM 45 (um) | Z{E(um)
PG ICEL(530°C) 8 1.30 1.26 0.04
IHP/IH0_53GaO.47AS 10 1.55 1.41 0.14
A% K AL (525°C) 5 0.80 0.58 0.22
InP/II’loAngao'lgAS 7 1.70 1.18 0.52

10 2.20 1.60 0.60

M SIMS SR M2k B 175 InP APRHOFRT Zn WEERE, F BB oy £ &
InP AARH P8 Zn IREESAR, BERT, Zn DAFTEAORR- BRSO BIATH #EY, sbRd Zn &
InP FRAEMBRTA: —EUETFANZE Za B REAR In BAE: —2UHERE TR
Zn BFHEABAL In 94 E; Z2UBE U Zo WEREAE T RIRAGE . HAp R
Zn BRI, WY B E EER . BRRIRTERKRALE MBI, S In 895
frE 32,
Znt +In, <> Zn, +In,+2h
55 Zn FEHAD -V BAEYE S U P T B—R, HAT InossGaorAs HHIY I RIFE AR
“kick-out”§LEl. Zn LA Zo HIRITE A Ing 53Gaga7As MAEHY H, EEHFH In 5{ Ga fFEA]
AR A R FHBACE I AT, X—d R,

Zn’ +In,Ga, <> Zn; + In,Ga, +2h
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FAK, T SIMS MERZBIRIGENIKE, ERNASR, JE A5 Zn TEELIAKER
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A 1 4N, 7EiSICEMAF, PN 4RES Zn URY BATEEMNIAKR, WM Zn 7T
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i, ZEDZEEF] 0.6pum, B Zn TR ZMA R D BUEBERAEEL, XICHE K T 841
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Fig.3.8 SEM micrographs of the top (left) and sidewall (right) for InP/Ing s,Gag 1sAs epitaxial materials
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Fig.3.10 Schematic illustration of planar-type long wavelength extended InGaAs detector
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Fig.3.12 Temperature dependent I-V characteristics for (a) single-pixel detector and (b) eight-pixel detector
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D 1/2
Iy = () %)[ex;o(%)—u (3.3)

a

/2

n(x,T) = 4.8327><1o'5[(o.41+0.09x)”2 +(0.027+o.o47x)3’2] x(0.025+0.043x)"*
<[1*2e /2 (13,751, 17,T)+3.2812(E, 1,7V ~2.4609/(E, 1,7 | 1
Hep s, 10 n X p KAFER BT BRI, ¢ NETHRE, » AKRTEATK
4, Dpv Dy 73l n XA p < b TR B Ton ToZ A n KER p KETHE
W, Nas No AN n KR p KINBIIRAE, 4 REHM, VANRMESFTINME. 55 p B »
DX ()45 2 P50 AT LA 200 93/ B B 3 A ()9 AR R DAL 1 2 o
i A A R TE T 2 ORI BOR T IR T i B 2 KWL RREZ 2
Blyo BEAERTRL R BRI A TR O AR T T PR AR IR BR AR, IR LR BR L B SRR S R T
TG B - E AR, E-E A BIRAERR X b, "Ll iR E.5)F R,
I an AV o

T(.{ﬁ'

(3.4)

qV

2kT) -1] (3.5)

Ty RN T S, FEREREW =[26(V, +V)/gN,1"*, ¢ 9 i B sh, AL
BEV, = (KT 1q)In(P,y/ P,y) » Ppos Pao 73510 p IX B m XA TR E - FEREIN M BRI OLT
exp(qV /2kT) #H3t 1 B—ASEERME L, B LLLET 7= - A R P R S5 R R SRR S R I B
MR RIERIIE K, exp(gV /2kT) W LLZNE, (3.5 AT 407 4- & IS5 582 X 1 96 5 A%
T Wb EmEE, w0 FERX RS, FA-EamRin. bdTRRERER 1V
FRIELE, BTLlR=A-E A i v BRIk .

Bk 1 A9 2 SRR TR T I BETE AN, — AR PR IR0 (B A i, BRI P e A
R B RS IR RIS o BRIE IR A A - (8] R R R AN R B P F, M p K
n XBIRRERE, 15 pn SNTORBRALE NIRRT, A7 GRERN, M
MBS, TR B RE R, WAL E R RS, WEpsE i
BT B SR N R T VR R A L, B R RMETEANSH, BAGERL PN
SEIC LR, T R AR TROY “ BRUF I B b e g 7 S, B P I (R BRI P R A (3.6).
(3.7) FTRIIRY,

]b_h ~ A m(l)/ZE:,/Z

. =K e><p(——;b:h— (3.6)
) ®m1/2E3/2
I = CEmVexp(———q;E—’) (3.7
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Fig.3.13 Temperature dependent forward I-V characteristics for (a) single-pixel detector and (b) eight-pixel detector
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Fig.3.18 Parameters of the epitaxial wafer with InAsP cap layer
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Table4.3 Temperature dependent cut-off wavelength of detector and material
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Fig.4.10 Temperature dependent spectral response of detector 74
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Fig 4.11 Photos of backside of illuminated InGaAs detector and measurement module

TR PR, SETIESMHEERCRIET I NRERE, mEBILH
495 1 ) 52 8 A S T AR UL A o R B RR B 1) A BT T AR i S AN 22 IR B A RN
A LA BTERE AP IR, KH—MEENTHESE, REAFERNEE
SFEPERE, LA R SEPR N K.

‘L\M \iplﬂ'k‘u N“i\*ﬁ/g hf‘#@w {mlw,,M . i

) Integrated time 0.25ms|

1increase

Signal/ VvV

Integrated timcﬁ
increase

0.2

1
|
1
1
I

0.1

2 1 1 L 1 2 | Y 1 1 1 n 1 Il 1 n 1 a1 n 1 2ok N N N N N N N N N
0 50 100 150 200 250 3°g. 3~’;° 400 450 500 550 600 650 01555~ 70g 750 200 250 300 350 400 450 500 550 600 650
ixel Pixel
5x10™ T T LIS L M S M SR LI T 0’ E T ' |——0.25ms] * T T T

4.5x10 6x10.4
z 5x10°

@
R}
3

3.5x10"

1 | | | IR | PR BT LY P NN | | ] -4 i il | NI IV I S B L
0 50 100 150 200 250 300 350 400 450 500 550 600 650 °*'0°§ 50 00 150 200 250 307, 350" 400 450 500 550 600 650
Pixel ixel

85



AR I AT A InGaAs B 8B T EERDFYY

8x10f

i
Bl
o] I YR

6x10

3 H ) N N . " L L N N 1 i I I 1 L 1 1 1 ] n ] i L 1 ) I 1.3
050100 150 200" 250 300" 350 200 450 500 550 600 650 050 100 750 200 250 300 360 400 450 500 550 600 650
Pixel ixe

P 4,12 BRI k1T 18 A B UL BE A BRI ] 22 4L

Fig.4.12 Temperature and integrated time dependent characteristics of detector FPA
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