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ABSTRACT

In order to enhance their performance and find new mechanism, we
have carried studies on P*-GeSi/Si heterojunction infrared photodetectors
(HIP) and N-AlGaAs/GaAs quantum wells infrared photodetectors
(QWIP). The obtained results are as follows:

1. A new electrode structure for P*-GeSi/Si HIP is presented. It can
reduce the serial resistance caused by the non-crystal GeSi alloy over the
SiO, layer. Also, it can avoid the difficulty of SiO, process.

2. A new analytical quantum well efficiency (QE) model for P*-
GeSi/Si HIP is based on modification of old one. The impact of carries
transporting on quantum efficiency is considered. It is shown that the
new model is more consistent with the experimental results than old one.

3. We have fabricated a P"-GeSi/Si HIP using multilayer Ge,;Siy,/Si
instead of single-layer. The 500K black body detectivity of the detector
has reached 8.4x10%cmHz*/W under 77K. It can response from 3 to
10pm, and the peak detectivity has reached 2.5x10°cmHz"?/W under
77K. With the 50004 SiO, dielectric cavity, 1.2x10'%cmHz"?/W has been
achieved.

4. We have carried studies on the characteristics of p-GeSi/Si
quaﬁtum wells infrared photodetector. It is found that although the short
wavelengrh detector can be achieved using high Ge composition, the
long wavelength (>8um) detector is difficult to be achieved because of

weak coupling between conduction band and valence band in the sample.
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5. We have made 45° and normal incidence AlGaAs/GaAs quantum
wells photodetectors. In the experiment, we find the detectivity under
normal incidence is more than one half of that under 45° incidence.
Through investigation of FTIR absorption, we consider that the detector
responsivity under the normal incidence is not due to the intersubband
absorption, and it is factually caused by the free-carrier absorption in
the quantum we'll, This result shows possible fabrication of normal

incidence quantum well infrared photodetector without grating coupler.

Keywords: heterojunction, quantum wells, infrared photodetector
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(i) % % 2 Mt GeSi/Sigh 4 3 ASiAHE,

M, BT RERT T XL 4
Y(hy)=A-TY, (4.7)

£PARRIORRE, Tk TRAME T ROGFEHE
, watfe(i)k s, YiRAAZTFRLE, daR0DRZ, RAEMNHH
st et 47tk
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T A T SUH R R B NS TR E, 4o RGeSl
Ed gk 2. GeSigwp g, GeSig L T4 @ A4 &R 4, A
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iz R R T R LD B R A 0 BOK 5 R Al ST REH
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4o R Vo>d, P(X) T ARG XA %, X4

07

T= [ px)e™tdx/ fp(x)dx

= z(l—e"”L) (4.9)

F LR SR = R 6T 8 aAE.

X, T4 FdL, Hd<<Ley,T-1; Hd>>Lah,To05dLR
0>+oo i, Takl 3£ 40,

3, AEFHEY,

Yok & S At £ 8] A Sidt kg & R N5 GeSiLE A 2] A R & &
B R RBNrZ
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) B RSB Ae H AR, A Tsaurgg 58 (4], NfaNr471)
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N, = faEdE (4.11)

N = j: ’d—Np(E)dE (4.12)

H PPE)AF R & RMEH 4 0pth JLE:

PE)=2(1- |28y (B, 2E 0y (419

dN/AEZ e K% B, THEMETA:

N# -5 2R X074

2%, HATAA@GIDFRA12)X R A S Exhy<¢paf + A 2L, X2
B A

:LIhY<EFHT, K@ 1Dy 45 TR g A E, B A BT BUA E XA R
{42 2 Eed R 2Dy,
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8 RAK AL R hY!ﬁTZEEF"'d)B
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$x% AlGaAs/GaAs$ §F BHarshiRal B
§6.1 31 %

51987 % M & % % % # BFLevine[l] % % 48 § #) A # %
GaAs/AlGaAs % 3 F B F 4 Rl o sh O 41, AFR R KK 2T B
41 9M5n) 22 (quantum well infrared photodetector #%#QWIP) i £,
B LE R AQWIPH R4 vl & K &R = QWIP &, £ 5| 4 69
KRR TR T HFFFORE, CEYREIMEMBEAL RN E
Z 6, mTEAMEGEK X,

GaAs QWIP—2 491, st B R B LBHEEE S, CGaAssg—ibik &
AR QWIPE iz X R 5 R A T L RE., T E2KRALE:

1, #|AMBE, MOVCDHE A4 KGaAsZ +om#A A, LR
B BAOWA. HREAKGRBELI%, HAHHREHKAST
HgCdTet 4,

2, MBEZ R A B E X BEHLEMEHRB/THRROFTRE, Kd
#GaAs QWIPE H AR HA T /RN TR, HQWIPH fEa932
SR T HFIRIE. |

3, GaAsE T ELHARARE, ECLAFEGCAsZE, Mok, #Hi
REAGIEEME, HEGHHRELR), THHGQWIPH| 37
2| 7 BAARIE.

§ 6.2 AlGaAs/GaAs % F BHL/MER B 6 R B R H
§ 6.2.1 -V 57 & Sh3E 3 K

st FIVig o F kst K, Wik&BHAS GEH, 5SiHF
ROMEEFERLE, AIERMNET:

O % BAR., W-VigksF RIMEAKRTRIEE TINBE TR R
By, anEAAL Ga, As. Si, Be, InFZshtts, LREER
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BAREABNEMNE BEGBHE R RN, FIRZER LA
RHEED3g 35t %, MRS %4 Lk, 15 %M &F ikt
Si, GegAare, &HH—&, | |

@it kAL RE. # /sty GaAsi kM & B4 E R300°C -
SO0CIRH T 4%, HAEREE, WEMBHBEASS SR Tit
1%, BLER/EH580°C - 600°C, Rigg % %%, RHEED 42 7 ik ik
W49 Asi 7 40 () @ A

O k& RF. $3EGaAsEAlGaAsHH I, &K iBE—HAH
F2 41 £2580°C4aT00°C £ 75,

5622 FFBPHTH

T 5P 8T RAT RAA MR E Q% RN T kAT H 2]

. R T M T A2 40 R

k—Wtan(kwL/ 2) = Ky (for odd states) (6.1)
m,, my,
k - =k,
—* ctan(k,L/2) = (for even states) (62)
m,, - m,
2m E 2my(E,, — E)
Hob k, = A kb=\/ b hzb

m,foy 5 AR 2 KRGS FHRERAE, EatHLFHE, LA
%, BRBETAMMA HEEAERETOERDEZLE, ERHTE
AlGaAs/GaAs & 5 G, T R A 4o T 584 FHBAHE 5 AH65%
, GaAs ey, T ARG EH0.067Tm,, sfpREAERHGLR Py
FH MR T GaAsFaAlAS(0.15m,) o &, F 4 2 B 44 W 3642,
§623 QWIPL K THE®

QWIPZ 42 K T FF 5P o474 18 (F-5 M) o s R A

BARRGSSTHES., Bl EX—FNE LY ELATRTE
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ey, BAHAIUEF £B] Ek TSR ETF B F A SO
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Fl— S8 (EMEA, 2FRER)BLESINEESKT, LRk
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XA AT LA AR IR 6918 AE L <L Fe 3k F K eI 5R L
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W - FHRGFEARTIRR, ETOHPLASR BLERS
Bk ENpst F 2R AELR ALY 0. BFHERIBDKRBELT
F[4]:

2 . '
Ia(v)d\,:(chw: hf)(smze) 63

4g,m*cn, /\ cos®'

m T LB B i Ef, B ENNL, ROAHACCERE

S EEEZ AL AAEEL R, HOAEHEZHA, AIRRA
dAE R A, AT R occos® ¢, SUMAES = O BUL KA.

P 7B AL IMEN B T EIAF AR E, ETATH
D*=R(Af-A)? /1 (64)
gpR=(e/hV)n-p,-gHBMHARE, CHEFGTTHE &
FikiE SRR B M, R Rkl = Al g Bure il &
Evh, QWIPH by sit, HEASLERTRET TR, BEFEK
B AT, |

QWIP#y s %t 2B RBAHAH @ ERBET, AREK
FAWMBAAE, EHRET, LEZKET, BLALIZRRT
TF B AT R, AR AR R 6 & 3T A 4 5]

FE)T(EVIE  (65)

| f(E) =[1+exp(E—-E, —E;)/kT]""  (6.6)
TEV)H EAFTHEFCREH AR MREGL R, BLRLET
PE
I[,(V)=n*(V)ev(V)A (6.7)
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v=pF[l+(uF/v)*1™"*  (68)

EbruheFiafE, FhPpgdly, vAMRREBRE, ANEHE
R, el R AL TORT, ANRZLERATRTRELE
, AT BB MR E, RESOETREREEZ LM TAAL
HEENE, |

EARERET, TEMTET0, (FE<E,), TE)=1%E>E), mn*
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B, B E AR RAE R ERKI TR, ARCEEAT B LR

, BQWIPHEM &4 T AR LB E, REUNKTA.
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BE WA ARG, RETRAE RS, BOSH TR R
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Am, STFRE&LFK, BFEEE

63



K%K
2m

B, = &4+ (6.14)

Bk, XbE—FANETELFRGF QEHH—RI T TR
B, %R E TR T REH Qi3 ik

6.8 £ FF B FHT I R ABRLRTER
T & TFHLe0RAR, LTRATRAELS, Toksklk,)
kAT, AP0, TR EB/FFH, ERETW
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BT ER, B RRRT AT B 6T @A,

FPT = AR e R RS B A
Voue ()= Zjlma\f R-R,)*+7° (©29
Hb K CLIEPTA 6 R R E(R0),
R RAFX VA SRR
(e Vawelk) = |2+ Fk )

L A 2eQ
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HE AR A THRA A,
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o [1 0(Q — 2k, 1 - (2k; /Q)]
F(Q = j [le:@) |1 (@) e ¥ dz dz,
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—TIQF, Q) *
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