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Abstract

Abstract

About two centuries ago, the infrared detection was first studied. Then as the
continuous realization of novel principle, material and structure, the infrared
technology was becoming more and more mature; especially depending on the rapid
development of semiconductor since 1960s, the application of infrared technology

began to widely appear in social life, scientific research and so on.

Nowadays, the infrared technology was mostly served for military application,
such as the infrared detection related to atmospheric transmission window. The
middle infrared (3-5um) imagination was a most important research focus due to its
significance in missile tracking, aerial reconnaissance, infrared countermeasure and
etc. The dominant material used in this field has been MCT for a long time. However,
recently based on the good uniformity, narrow photocurrent spectrum and easy
band structure tailoring and etc, quantum well infrared photo-detector (QWIP) has
attracted considerable attention for large size FPA and two (multi) color-imagination

of the third generation infrared detector.

As reported, though extreme good quality GaAs/AlGaAs long/very long
wavelength QWIP has already been fabricated, InGaAs/AlGaAs middle wavelength
QWIP was still very hard to realized because both of a high In and Al composition
were required in the designed structure and the huge growth temperature difference
between InGaAs and AlGaAs. Hence, this work was about some research work of

fabrication of InGaAs/AlGaAs QWIP.

The strong dependence of strain relaxation in quantum well on AlGaAs barrier
growth temperature was demonstrated: when AlGaAs temperature was low (<465°C),
the relaxation could be well avoided and the quantum well was of good composition
uniformity and material quality at the cost of degrading the AlGaAs quality; As the
AlGaAs temperature rising up (<545°C,excluding 545°C), the strain-relaxation began

to take place by generating localized states free of defects (so called elastic
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relaxation); then if the temperature continues to increase (>545°C), a very serious
strain-relaxation could process through introducing a high density of defects in the
guantum well (so called plastic relaxation). So the quantum well photo luminescence

(PL) intensity would quenched rapidly.

The temperature dependent strain-relaxation was also observed from the study
of InGaAs growth temperature. However, during the whole temperature increasing
range of 425-525°C, the relaxation processed only by creating more localized states
without producing any defects (free of plastic relaxation). Besides, the In segregation
was also enhanced as the InGaAs temperature rose up which leads to a peak blue

shift of quantum well pL.

In the end, a novel growth technique of using a thin low temperature AlGaAs
capping layer was raised to realized the temperature transition between growing
InGaAs and AlGaAs. After plenty of optimizations, this idea successfully passed the

final device assessment with a strong detectivity improvement.

Key words: Molecular Beam Epitaxy, middle wavelength infrared, InGaAs/AlGaAs,

guantum well photo detector (QWIP)
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Detector type Advantages Disadvantages
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Thermal (thermopile, bolometers, pyroelectric) Room temperature operation Slow response (ms order)
IV-VI Easier to prepare Very high thermal
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AR B BRI, oF FEAR OCRLHAR T AR R I Bk OG 2 IR 2% T AR B R RS £
TR AR o

SRS T QWIP, H WHILL GaAs #HE B QwIP Jyfl: £ -V AL &)
SARM B S FCEF IR F, GaAs NIV EMEL (Ga (AL In) As) 4T
WAHMEBR CAARH i, KBRS O 2 N T f TV AR B F %
Fro FTUUESS Ga (AL In) As FHSCHMBHIL R BOARE M FIN by 7 R AME S AR B2
FEfiE AR MRVEE (TIARFZ0. WIS RIRE S, Hit
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RAEDDFAFRELIL] . WEEVEM SRR, AT GaAs/AlGaAs QWIP 3 L4
FERPPBERIN T MCT A KR IS, U a e RE D am 27
43 HbAIE B o

Representative IR FPAs offered by some major manufacturers

Manufacturer/web site  Size/architec- Pixel size Detector material Spectral Operating tem-  D*(/;)

ture (um) range (um) perature (K) (emHz'2W-'y

NETD (mK)

Raytheon/ 256 x 256/H 30 x 30 InSb 1-5.5 10-77
www.raytheon.com 1024 x 1024/H 27 x 27 InSb 0.6-5.0 35

320 x 240/H 50 x 50 Si:As BIB 2-28 410

128 x 128/H 40 x 40 HgCdTe 9-11 80

256 x 256/H 30 x 30 HgCdTe 8.5-11 77-100

320 x 240/M 48 x 48 VO, (bolometer) 8-14 300 50

328 x 245/H 35x35 Pyro (BST) 8-14 300 >50
Rockwell/Boeing/ 256 x 256/H 40 x 40 HgCdTe >15 77
www.boeing.com 640 x 480/H 27x 27 HgCdTe >10 77
www.rsc.rockwell.com 225 x 256/H 40 x 40 HgCdTe 1-4.6 120 >10

640 x 480/H 27 x 27 HgCdTe 1-4.6 120 >25

2048 x 2048/H 18 x 18 HgCdTe 1-2.5 95-120 >1x 10"

320 x 240/M 48 x 48 VO, (bolometer) 8-14 300 50
Mitsubishi/www.mits- 256 x 256/M 52 x40 P1Si 3-5 77 0.036
ubishi-imaging.com S12x 512IM 26 x 20 PtSi 3-5 77 0.033

1024 x 1024/M 17 x 17 PtSi 3-5 77 0.10
BAE Systems 256 x 256/H 30 x 30 HgCdTe 1-10 80

432 x 432/H HgCdTe 1-5 80

640 x 480/M 28 x 28 VO, (bolometer) 8-14 =300 60
Sofradir/ 128 x 128/H 50 x 50 HgCdTe 7.7-10 80 1.1 x 10''/10
Infrared.sofradir.com 128 x 128/H 50 x 50 HgCdTe 3.7-4.8 90 4.3x10'"/7

128 x 128/H 50 x 50 HgCdTe 2,542 195 7.5 x 10''/36

320 x 240/H 30 x 30 HgCdTe 3.7-48 120 1.0 x 10'4/8
Sarnofl/ 320 x 244/M 23x32 PtSi 1-5 77
www.sarnofl.com 640 x 480/M 24x24 PtSi 1-5 77
Eastman-Kodak/ 486 x 640/M 25x25 PtSi 1-5 77
www.kodak.com
Marconi/www. 128 x 128/H 50 x 50 HgCdTe 8-12 77
gec-marconi.com/ 384 x 288/H 30 x 30 HgCdTe 3-5 80 15
infra-red/ 256 x 128/H 56 x 56 Pyro (PST) 8-14 =300 90

384 x 288/H 40 x 40 Pyro (PST) 8-14 ~300 130
AEG/www.aeg.com/ 256 x 256/M 24x24 PtSi 3-5 77 75
e_produkte.htm 486 x 640/M 24 x24 PtSi 3-5 77 7

256 x 256/H 40 x 40 HgCdTe 8-10 80 20

640 x 512/H 24 x24 HgCdTe 3-5 80 20

256 x 256/H 40 x 40 QWIP 8-10 60 10

640 x S12/H 24x24 QWIP 8-10 60 20
JPL/www.jpl.nasa.gow 128 x 128/H 50 x 50 QwpP 15 () 45 30

256 x 256/H 38 x 38 QWIP 9 (4c) 70 40

640 x 486/H 18 x 18 QWIP 9 (%) 70 36
Sensors Unlimited/ 128 x 128/H 60 x 60 InGaAs 0.9-1.7 300 >10"
www.sensorsinc.com 320 x 240/H 40 x 40 InGaAs 0.9-1.7 300 >101

H—hybrid, M—monolithic.

$1-2 AER— L B LM ST T PRI AR ) R 1l )

2. B G JRAIESE

R BB A tRoE A I PEREAT A e A B B LA 3R, 1 SRR A TR A it R o
B MRSRE LU SARSE

H1T- CdznTe 7E1 & A MFAR RN 5 MCT GREFIIULECEE, B LU ek
e PR A MCT ZLAMRIN &5 . (2 H AT CdznTe B8 70 RSBV M RHEONE BL K
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AT B . BRI Ak, CdznTe HMLAIAT AR IR EE S 10* /em?~10° fem?, IXFEfK)
Tl SR B 7 AT S RO K D 21 40 N P B T i | b — 1 )

XFF QWIP Sl FH ) GaAs AR S : KRR EA KRS LR
WA R B TR . IR . T H GaAs Mtk 22 8E5m . MUMPERERRE, )
RE B 47 Hh 7K 52 7E A B B T 4RSS BES1] (GaAs/CdznTe) FHI:HI HEEE (S FI#AE
HRZRAN R 51 A2 B HOR N AR RN, 1 o

3. BEITEZHE

Z AT CAHEE] MCT MR K ILFT R 1) CdznTe 47 i #R A7 75 35 MR FK 1T i 1) 45
L XA RN T LA AE . BARAR G AE L KR AP S o oK 4045
B 7, AN TR LA Z O3, Rl 24 pn 4R BRI,
PR AEEAR R e, e 5 5 SR Y B (R 3 A VE AN GaAs BEFATEL,
SRR TZEZEL GaAs MR &G 2 (K 1-9 & QWIP P 5 L 2R
AEED. 1 HIG IR N L EHARE AR F, QWIP RN LI F1 R il 4538 7]
JZ S WA D2 R R FH (9 -V B — o6 R RO TR =K
P T AT R IRE LUESGAR -V I TR . MR IRRA e 3k SE Bl
RTHIAR S s S 0 £ P TR 51 R 1) 4%

Contact layer
—uunuunn 1
B —
L ting} 4
| GaAs sebswrate T B 2 )
{ Hybad WIP an v/ 1)
S e/ LY
S a=—wll |
GaAs sudst
' ) ! ‘ Ty C ¥
- - .l
Si ROC
e e [ [
”‘“"‘;k m M — ! l [’
CaAs ubstrate
i @ ~
. -5 Package W bl ol
) ) ] R o
. i
mstiNleTe V%Y,
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4. ST RRFAE

EAR, MCT ZM#8 P340 Qwiple 35408 B A I 21 Hh 3B Ik 41 i B I
Bk RAEVE . (HRXT T () OB, KT 8BNS B bR PHRE, R
DRI AR — B BRI G153 2R 8 78 AT FRAIK 22 (0 AR IS DIt 3 1) 1) = 28 R A%
QWIP & B LR F T 6 G 8 R E MRS — RIS LG MCT A bR R s TR MR S 7E Dl

e N, E RN A (K] 1-10 2 — KSR DY QWIP £E & B G 1% e B
ZRIED . VT EL s RS RS AN 1 R BB T R e AR A A ] 1-11
FRU: mT LGB AR BT QWIP I TAREBEN “BRAE B I8 i

F R B BT PERE RIS, BT AR 4 R K A )
HLEP” (T, DT AT BARIIE7E 2 CLIREIT 6 (60 S22 (0025 B, FLIE
B2 EOATHE, BRI RE S MIRE R,

G LT, 1E5 =AM B KR (%) (i T R L K7
SRR A 6 2R R R RE R A BT R (oS BRED), Qwip FEMEILE 2 )
PeBB N T B R T 3 B — B 2L AR e A o

3 5 7 9 1 13 15
Wavelength (um)

Bl 1-10 DUt Qwip (DG iEmI L2 () —fLabEe)
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Bound-to-continuum QWIP Bound-to-quasibound QWIP
Continuum t
“::m.v Contimun states
| ‘ SN
Virtual state |5 [Ev Z ™ Quasibound state
™ Ground state ol

Wavelength (um)

K 1-11 TARAEAFRBET Qwip RDGIEm RN 2. 72 B RN RS —ELSES
A BBy RS —HER S, R B R NOR A S AR A TARME, Sk
232 ) 5 I 28 A — Y T A 1) LA A

1.4.3 QWIP f{ /& R BB IR

1-12 25 WAIAIE N B0 2R awip i TIERER. Bt
FEARMIRET B BT P RAAAE PN RES: ZEASRES E1 M3 — K ES E2,
H E2 REIEA S5 22 1) i 751 SRR @ AEBF BT A 20 N BLB 2R 845 E1
RES L SEI— e B H T 5 5 MR (hy) 1B TR TR M4~
Y2 IR R B ZE I ALAGAE S U E BT, AL THEES E1 BEZR LI H I 2 0T
WERIT 2 E2 At b, X REAESMIN Fe 37 A F T TV VAL A 25 S 22 41 L R T
JRHAE S, ATTSEBL 1O AR .

MR LL EIEATAEE, 1987 £F Levine TN H XKL I GaAs/AlGaAs QWIP, X
tREFE QWIP BRIFIER HBLIELLAMAIATIR . W E LS, P & BT 7K
BRI AR DU AR RZE S U S 3 AL, 1T GaAs/AlGaAs #TEHE K
AN T T2, 2 QwiP Mk, HETRK R R Z GaAs #f
Ji5 I [f) GaAs/AlGaAs QWIP. “n# 1-3 ff7R, LA Jet Propulsion Laboratory (JPL)
FHRFHIHI IR I KB R 00T B F O R I 8 gn, JpL Sese =
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256x256 [FIXL{L QWIP FPA J5P% Y, 2 ERVEH A A4 Jet Propulsion Laboratory!® **
31 Army Research Laboratory® >4, Goddard®™ >, Thales®*'fll AIM 25414 B 5%
WURG AN AL FF U6 T KB A 5 5 T AR 78 A, ASad 4 1 AR # R 2k T
GaAs/AlGaAs I (£) B QWIP FPA HIfill & . 3 1-4 /& JIPL SZI6 = Al 1) 8-9um
LR 14-15um XU BRI B QWIP FPA #5442 B0f Mk g da b . BF AR 240
A DAL T — AR SUE I — A KE, T E N TR KA . H A
KT TCV A B BRI BRI AH B FPA TRITHI R /I« BRI 325 2R S 0 A [ b A A
MBS

TABLE VL. Properties of JPL 9-um and 15-pm GaAs/AlGaAs QWIP FPA's (after Refs. 5 and 59-61).

Parameter A =9 pm A =15 ym
Array size 256%256 (Ref. 61) 320%256 (Ref. 5) 640> 486 (Ref. 60) 128 128 (Ref. 59)
Pixel pitch (um) 3838 30%30 25X25 50X50

Pixel size (um) 28x28 28x28 1818 3838
Optical coupling 2D periodic grating 2D periodic grating 2D periodic grating 2D periodic grating
Peak wavelength (um) 8.5 8.5 8.3 14.2

Cutoff wavelength, 50% (um) 8.9 8.9 3.8 14.9
Operability (%) 99.98 99.98 99.9 =>09.9
Uncorrected nonuniformity (%) 5.4 5.6 2.4
Corrected uniformity, 17-27 °C (%) 0.03 0.04 0.05
Quantum efficiency (%) 6.4 6.9 23 3

D* (cmHz'? W™ 2.0%10" (70 K) 2.0 10" (70 K) 16X 10" (35 K)
NEDT with /2 optics (mK) 23 (70 K) 33 (70K) 36 (70 K) 30 (45 K)

42 1-3 JPL /¥ 9um A1 15um () GaAs/AlGaAs QWIP FPA g3 {21458

TABLE VII. Performance specifications for two-color long wavelength 640486 QWIP FPA's (after Ref. 93).

Parameter LWIR pixels (8-9 pm) VLWIR pixels (14-15 pm)
Array size 640X 486

Pixel pitch {pm) 25%25 25%25

Pixel size (um) 2323 2223
Optical coupling 2D periodic grating 2D periodic grating
Operating temperature (K) 40 40
Differential resistance ({1) at 2 FOV 2.0% 1012 7.0 10"
Peak wavelength (um) 8.4 14.4

Peak responsivity (mA/W) at Vy=—-2 V 509 382

Cutoff wavelength, 50% (um) 9.1 15.0
Operability (%) 99.7 98.0
Uncorrected nonuniformity (%) 5.4

Corrected uniformity, 17-27 °C (%) 0.03

Quantum efficiency (%) 129 8.9
Uncorrected nonuniformity of 77 (%) 2 1

DE, (em Hz'"? W™y at /2 FOV 29%x 10" L1 10"
NEDT with f12 optics (mK) 29 74

% 1-4  IPL LB =W 8-9um LA JZ 14-15um XU B B K] QWIP FPA #8441 5
ﬁ[SZ]
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T J7TH 78 R I DX A AR R G AE AR I A AR A TR
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BRI S — AR AME R- IR R G0 MOk E G R “HERR Y AAMER. IR
gt M = AIHY IRSCAN R 48, 3&/INE R E1EI A K AN/SAR-8 ZL4h H AR R L
LR 2405 . EAIFRERERA] 1 3-5um (i) A1 8-14um (K AT SEaiRg
10km JZ (4 SR T T . DA AL, AT BT (A E-2C, S-3. E-3 %%
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K 1-18 JPL Wi 320X256 JTEH Y% (InGaAs/AlGaAs) DL K% (GaAs/AlGaAs)
X LT AR BE . Horh (a) NERfhgEty: (b) gt i 3 e

FESCFERN b, R 20T 5 B BA SO 46 T P (InGaAs/AlGaAs) /K

(GaAs/AlGaAs) [ XUELLL AR d (2R 7 i IR L PR D' 1 v 7 i 2 2m 15 1-18
F7R), #RAFMHIFEL R T 320X256 TG, £ UG &k B M S S5 R0R 22 HA — €
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H AT B SCHIB FOE A RGA BT & o X G TRATE RKIE T R A ME
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W, L RS TR E M ER ERE . TR MREE R, AR A
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