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Fig. 10 Schematic diagram of GaAs modulated doping superlattice( NIPI structures)
and its band profiles in real space.
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Fig. 11 Low temperature(80K) photoreflectance spectra at low modulation intensity in an
InP doping superlattice (ES denotes the band gap of bulk InP, indices n and »* refer to
transitions from, respectively, the valence band and the split-off valence band to the
subband levels in the eonduction band, the lower trace is a calculated spectrum )33,
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Fig. 12 Photoreflectance for a GaAs NIPI superlattice sample with a period of 46.6nm (dotted

line—experimental results, solid line —fitted curve according to Aspnes theory).
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F1 ANESEFAEEHNRIFERSN GAs BFSAEEREMNEEEHNERRE
MELESE UERBRITERACHARRISENRENE
Table 1 The snergy positions and line width parameters of PR structures for an N-
GaAs/P-GaAs modulated doping superlattice gample obtained from fitting to exper-
imental PR speetra. And the corresponding transitions and energy positions calenla-
ted from theory.

% B %5 R S

%‘Eﬁiﬁ:ﬁ(ev) £EEL ['(meV) FIINAS S REENLFE (eV)

4 1.360 21 13H(0) 1.369
B 1.385 20 22H (0) 1.381
1.408 12 . 16H®) 1.408
¢ 24E(0) 1.408
D 1.420 6 17H (0) 1.417
25H (@) 1.421
E 1.484 4 26H (0) 1.433
F 1.440 5 35H(0) 1.445
G 1.500 20 55H () 1.491

f—SERF SR RERNE, R omd RFEAE m BERTHIE » S THHK T,
5 PR 07w o3 B IR X R R B R A A BN A EHE (0) SRR HHE () o
HEFEH, BTREEM CHSEENEN, RERZEXWRERAT 2, H12HEL
EWY, 7 CaAs BRERBIER TANEREZABRKXT B T HEIKE, W HERRE
BEANT B TFHRRET, BTE2EHMRPRTHRMEB)]EGESR &SI, B
TiJG & B4R R F 32 M & BRE R,

i S R AT e R AR SR (B 2B EL N B THERER, BERY
St EEBERTRNBERS) HRMARN TR, fim nEERRSERNEESH
%, MAKEERBRERERSARKGE; MG, y FEAELBERNERAY S,
AR R&RNBALRAMNESHRSE RN, HIEAEGTERBMBHEHN R
B B 13 45 RS8R T %A iy e T X — B A 8RR B 1R B 9 R A 5 B
R, UERLARHEATNEEE, APRKAHKNE1.50~1.70eV fRETE M, ARHER
WUE Tk 21.6 nmA | GaAs/Gag reAly.20AsE BT BFRE S 0 EIREHE B R SHE M LK
R NGB EHT A MNIEEHIFNEBTYEP ha, ls, s, b T hs TR EERE,
AUBAROS)MEHE 18 fERER, FFHLKB LRBE FHRKIVER E; fiHME
RB¥ L, 0, 10 RA BB IBHES, HEL m; =0.0665_ my=0.094 m,=0.34
BESH2REEERFNMFRRNSESHE Q=0.7, HE R THIE THANE I F RIKITE
B, X—#HBRESERERGBEEY, R ANEBTHRREE v=21.4nm, WE L
BRI REES ERA SR WE 18 PEEFR, MRRNBIRTHHEEAR 21.4
nm, i/ 21.2nm 5§ 21.6 nm, B 5 L RMAEAZA AR TREE, EX R B Rt
KEseE, FRARKROD)IHMHRE 150,05 A%, EIHBRIIEERME 13
FEL (L. 20m) FI A RILK (2L.6 nm) iR, ATRERTHEERE—-AETRHELT,
{30 Y698 HE 1] BB T 1) SRR BR T 1 B 4 SmeV, BT RFZ MWB W R, M, &
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Fig. 13 Photoreflectance spectrum and its fit curve for a GaAs/GaAlAs superlattice
sample with well width of 21.4nm, the fit curve shows the curve shifts caused by
a 0.2nm change of the width parameter.
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i & 18

WHRDEEEMTE BB FENNR AT AR TE, ENTFERAETFRIEE
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BN ERERRDER,
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PROGRESS IN MODULATION SPECTROSCOPY——
MODULATION SPECTROSCOPY STUDY FOR
SEMICONDUCTORS AND THEIR SUPERLATTICES

SEEN XvEcHU (8. 0. SHEN)
(Laboratory for Infrared Physics, Shanghai Institute of Technical Physics, Academia Sinica)

ABSTRAOQOT

The physical basis for the modulation spectroscopy,especially for the photoreflec—
tance modulation spectroscopy is illustrated. Their applications in the investigation
and characterization of the semiconductor mixed crystals and superlattices, ion—
bombarding-laser annealing processes, superlattices and quantum wells of semicon-
ductors are discussed. It has been demonstrated that the photo—modulation spectro—
scopy has become one of the most powerful and simplest tools for the investigation of
the inter-subband transitions in the quantum well and the characterization of the
microstructures of the semiconductor superlattices,
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