o1 % BSH ARIESE- P &/ % F ] Vol. 11, No. 5
1992 4 10 A J. Infrared Millim. Waves - October, 1992

45 FHRIME PbTe/Pb, 4eSn, ,Te =FBi
FEXBRSIHEIEL

K M OBBX EER M X

(MER b K FWHEBZR, &, KE, 130021)

WE: AEWMEIR EFET 2T HRIEALKE PbTe/PbgSn, ,Te % EF
BFEMMHTHRSECERLE. AAMB TR T N ERERBT R
FHEaEF-HHCEADLE ERHEEIRER - BEdXRELR
SRBRALHER IS, B2 T PbTe/PbyguSny,Te & F Btk oy 51 £
GERRARLANGREE.

%7 PbTe/PbSuTe, 4 FHRIE, K2, RELL.

3IE

ARG HEABIRRER AN FREAREY. AT T35
R A BOIIR EEE PERRER BCMRELFSTAY. BA n—ip-i &1
i 2B AR, AR RO RREHH B PR TAAD, DRI B bR iR e
B FTAHREOS S TE. RA E R RANHE T 7 SRR R AR B, AIGE
W B B P OE AR, 247 L MBE A KH# PbTe/PbSnTe £& Bt
Rt R R, A3 T PbTe/PbSnTe R FHA A ELE AE. .

1 BigsHh

T 1R R BN, T /E PbTe H 2R PRGN £ MBE Thab
Huls, AL IPERIG R Tl LU R Y Ay > Er BE FiliEEA PbTe 24 a. - TREHFAY
AHESE, BT PoSnTe HBFhitA b LASKEE RFHOTH, WIS E S8 it "4
FAMWE, s FHR. FR, BHPHRFICELREHARSE o BHEESD
D d B3R, ATHB R 7 532 hM R ROIES AL I, MERE LR E SR
B &8, RERSER IR |

it FiX — Nl Rl R E, R WK BILLEK 76 %22 i i B 4L

&30 1991 % 7 B 31 Ell&ﬁl,‘ B¥RR 199242 H 6 AYLE.



362

AR R A

11 %

MBBEEPOEERN, H2MEE O
FMEER, WEHLETLAHE Z - 2)
R, R, EFESDORFRAHPE
B, MHERaFaJLRBRLA, EditE

~t By —m— L
. | B—F= #22 he TR SRS R R R X R
e, By, HTRIESI FHEBOPEMLE,
ALLLLL N RR— RN, H200 TR bl e

SIERMREN T, H PbTe/PbSnTe A

$EEA, B W.K.BHEBEE p MER
hif | S FREHR R TER 2 ERRE M
R 2

PbTe PbTe Zz

PbSnTe

k.-,,(Z)dZ}.
0
0<Z<Wp. (1)

AT Wy ARRERE, ki, ARTE
% HE | BRLE5E Es, =AE, —E,,
W F g & B RKE. M TREEH
b ShptEl, HTRHERERNEE, AERRNEANYLE, W ASEAR
;&%[71, A ‘

1

5k2m-u€'- k=E(1+E/E,).

Reb K ABERE, EALSHEDAHERGER, £ WRERE. —BHRT, KL
kR, mBARTERERE m* . R~ E, 2<E<E./2 WA -

l//ip(Z) =A ip exp{ - J‘
Kl 1 PbTe/PbSnTe B fBFE5Habt EHREH! A
MR AR
Fig. 1 Schematic band diagram of PbTe/PbSnTe
quantum well and the principle of tunneling;
assisted recombination at the interface

kip = (2’" ) (AE., — Ep) +(AEo — Eip)? / Eg]'2. )

h?
BB R R L3R

Tip' =

+ a 2 )
J‘ l/fip(z,)a(z,—Z) dZ’ =’L'07pl exp{—2k.-pZ}.

R g MBS EEREL, Bt (Z—0-) % p MEADE i M TREHAG R T3 22

(Z—0*) BB PO IRERAJLE.

3T PbTe #1 PbSnTe #14t, RHWH/ERENE L 5, SHAF 4188, ZEE
AEERFIF R FATE, EREILE, B PR AR TRIRENELERRTERA

A () Hp HEEARRIE, i ATFREFEFH. HEAEDPLOAEL, HIKREAD N,
K1l G R & An(0) = NV 3 W . KRR () Hxt & ERY, &/

3)



5 #1 R AL 5 FHRIME PoTe/PbygySny T B FBHFLEN AR T 5 FH AL 363

A ' 1 Wp 1
A:(%; Nz f ‘”‘P{ ‘ﬂ?aj GXP[‘ZkprI} dz. )

LA RERBIE Wo AT AR R R R RS FAIXRTE:
EFz - EF1 — (EFz — ECz )+ [AEc — (EFI - EC[ )]

VD=
. q q
ksTeaNop, [( 2qe Np, Vp )1/2 :I
yo mfelealon | (4 1],
? qslNDl kBTSzNDZ
Vo=Vo + Vo,

28 VDJ 1/2
nraii
UJ:%EEEP VD%JW@EE%s Eri« Ery v &1v €2+ Npiv Npy o Vi v Vo, ﬁ'%”%) PbTe
1 PbSnTe HEHATRE RS, NREH. BRIREMGY, k, HEREIEY. ¢ A0
TR, T AZEXRER. :

#45 Simpson MR HEMAB SR (4) KR, mBRAREHEMHRESS LB, WA 4
PREAEEFEN, WA

Wo
2;’((8 - WlD J 0 exp{ -4 exp[—2k1Z]} dz, 5)

3k (), EEAFMER AL, — E QIARE k)Rl to M7 (5) HE, L5800 2 For.

wo=|

(a) =258

4Bc—E,=5meV
ABo—E,=15meV

0. 4 AEc—E,=25meV
0.2k
o2 40 66 80 100 120 020 40 60 80 100 120
t/s ifs
K2 (a) RRISH AE, — E, 0 (b) AERRIE B 100 BiF-FIRER RIS
Fig.2 Theoretical decay curves of the carrier concentration for
various AE¢ — E, (a) and various 1o, (b)
o
2 3khw

FiH MBE 8A, f£ BaF,[I11#E LE %A K—E 2 um B#7 PbTe ZohRE, BRER
it K 30 nm 9 PbTe #1PbSnTe 2, 8% PbTe/Pb,-.Sn. Te £& FHrHy. A K%
Hi PbTe, PbSnTe K48 Pb febd iR, HAKERA 1.5um/h. SMEAKTER PR
HHESERT 1.1 x10-5Pa, #EHEEHN 350C. % PbTe. PbSnTe B¥ A KB



364 5 ZE kB ER 11 %

Ze N, #HETIREND 5% 107~2% 10" cm™, Pby-.Sn.Te At x Ml R #
%A SR B R b R SR R B, R R BT AR 15 4 AEY PbTe/Pb) . Sn.Te
LR TUHEN, SHERFERAR x =0.12.

I B A B R R 800 K ARt B AR AHER AL IR, WDS-3 BDEHHR GOk,
LA ST B SR T LSRR, HEETHA ZnSe & NIRRT, &
o W03 PR 38 % TR o v S S I IR R AR U AROL HL S T B

3 LGRMVE

3.1 PbTe/PbgSny,,Te BIREHRE

H a1 Af1% PbTe/PbSnTe & FHHARER MR B ARA L. —HBEUSRE]
RIGEHE B89, HE B kR B3 PbTe/PbSnTe £540p0EL i & R b HHGBHILE R, LAKH
i ROE AT S S, B, BALEHRER. S FEEETHAhEE T
0% W B A2 W e 1 o BB 2 B 3 b PR BE R VB ZE. IACH PbTe/Pb,-.Sn.Te & B
x <04 EA VRGO, il AR R A& KT LA A Rl 2Ry R
AU R ArIA0 R TR i 59 45 T AR A I Befi1 A K PbTe/PbossSnor Te B T-B
LR AR R T A 1 B0,
3.2 PbTe ¥ & EHRYRE FRRHL

K. Lischka #1 W. Huber!"5& It %t PbTe BA it 78 I ¥ ey, 5 2 B[R] 5 40 fm X 19 22
1A R 3 PbTe B3 A5, W IRWIE [1E PbTe B4 FHELE N HIERE Er =175
—0.38T (meV) (T o &3t 5 ) BB L T-FABE Ly, FBhE PbTe PEE T HMA S
x10-5~1 % 10-5(50~200K). A.N.Kovaler! V% A ¥y it 5T 45 R UESKE PbTe H7F
L EAERE, HUHT R M TEEsIENN. B2 P& T BaF,[111[#K L MBE
- M2 PbTe F1 PbSnTe # i i th 5 5% s (A1H; BE R EEM 8 1L, PbTe B &
B ETRE —8, ERPOREATE 2~5x 10 cm™ JEE, HE PbSnTe pHFHI
B SR R AAE 10 ¢ s LA (T7K).
3.3 PbTe/Pb,gSny,, Te HEFHPHMIFENLER

et B, KT PbTe/PbSnTe £ 8 F-Bk&5HbHieht iy R i € il iRl i K T PbTe
1 PbSnTe S 2 kP8, #FLA LM S fA RO, BITARZHBMET-RPOE
&L FRAALEE PbTe/Pb, 4Sn, . Te S8 FBHORTIERF.

Mg, >hv>Er e TR PbTe $2 BB .0 Fi, ERRILU
T, #REAGIEFEE R 7% PoSnTe #0f thiEA, TRERELSMY R T-HAE /DT
10-5 s BRI AR PO EFFI. mThFS5RRENMMBE.L S T2E) EZH
A, BBEhph FRESEERE 52 b0 EA, KRR o &8, o
B g2 2 e F R RLGAR LAy K, FE R IR Ik tE, PbTe/PbSnTe & FHt

FREWREE A |
e [rr (B YR ©




53 R ML 5 FHINE PbTe/Pb,gSn, . Te E-FBHFERER T 5FW A ES 365

2 (6) b i hTREH R FH, E, b PbSnTe B HE, m. WEKHFHBFERKRE, 4
AR, BTHFRAEK, %E PoTe #I PoSnTe o ¥ St /MEA BIHIX L
B, XHIEEHE PbTe/PbSnTe & FPHEEWET, B THEAMEIRIRBEEROZER, £5
PbSnTe #4¥t b 4 N EAFIZ M AR RO EMBES. X—AFEHET TG R
&, HEHEALL B-RbREFaM A, HEHEANI o AR s BERAE
10~ 14 meV11217, :

1.0 4E,=22. ImeV
To.=5. 48
. 0.8~ AEs=9. TmeV
= Ton—4. 25
o
~
S 3 0. 6
by
"l
0. 4
0.2
L
0 20 40 60 80 100 120

B3 i (10K) & PbTe/PbossSnoTe B-FRFE MBI T8,
(EShmE L2 Em#ERMZ B ERA)
Fig.3 Decay of the photoconductivity of PbTe/PbossSnoi.Te
multi—quantum wells at low temperature (10K)
(The solid line is the result of theoretical calculation using the parameters
given in the figure, the dotted line is the experimental data)
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PERMANENT PHOTOCONDUCTIVITY AND BAND OFFSETS IN
PbTe/Pb, Sn, ,Te MULTI-QUANTUM WELLS GROWN BY MBE

Song Hang, Chen Weili, Shi Zhisheng, Fu Yi

(Changchun Institute of Physics, Chinese Academy of Sciences, Changchun, Jilin 130021, China)

Abstract: The low temperature permanent photoconductivity in PbTe/Pb,gSny ,Te

multi—quantum wells grown by molecular beam epitaxy was studied both theoretically and

experimentally. The decay of the photoconductivity was analyzed in terms of tunneling—as-

sisted electron—trap recombination. The theoretical result agrees with the experimental one.
The band offsets of both the [111] valley and the others at PbTe/Pb, ¢Sn, ,,Te interfaces
were estimated by fitting the calculated decay curve of the photoconductivity to the experi-

ment data.

Key words: PbTe/PbSnTe. molecular beam epitaxy,

sisted recombination.
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