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BIEBRRHC L VELLRARY, wIhoBadiziFLorentz BoafizmLli: (W128) .
DEDORBIZ XV ERICEET N 2BERMIT, RBRNICS v £ 25T 3 BBAREIEZENT
HBZLWbhoTco RMMOBEERDIZLZ A, TEEZELBUABTHISE GABRRB~
T9A) W1 BLRED bhi.

A—3RHZ &, 42KIZBVWTAr /4 vv—F—FiRIC L 5REAX2 b1 (EL CEES
WE Lo ZDORER, BHPET - 7 0S5 HULEETHEARNZ L XKIZ L 510+ hy FEHOB
BHENZ &AbD, HETFEMOSHUNBEBTIRICLZI0TH I LEEERTILNT
&k (@1, 288

DEOKBRERIZ, UT02 RIZEHShDE, ORBRKEA7 P 1B 3 BBBETFE— 713,
1AL LTRSS N PGHRTIPOVTINLTH B, BN 1EKDE— 7DRICHEL ALY
—I/BER-THRAShBZLIdAV. ¥ 1SE—27R4H8T3RBTIE2S -7 $ 58
BRON, 18SPR1EFDL&X2 S 1AL LTHHAENS, #- THRFIMEHLGETHER
ERERRBICH D0y ERFBERBIZHZ0D—FTDH L LTHEET 5,

ORBAMESELANTEZOBEIRISE (~120A) IZ 1 BEETH Y, BETIXMHG
DF BREIRRIL B T Bohr 8 (~30A) D4 &Ll 725,
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REGAEIMTIIRERLE LTEPZNI L ERLTWS, d LEFOREHEFD LS IZ&XK
BRIz BhiE FosRET 5 &L, EXRMGIRE OBER&EMNICEHBRRT S B ICET 53T T
HY, OBFHBTER . LD T VA AIHHT IBRERIGC L VRERE AT v v MIZHAD
£C, ZDDBHEFH Anderson MRELZRITLEE LD LOORER L HATE S, B
LRETI 1 KT < B0 BB X ) BELEE 5 2 & CRELT 5o Forney%®
REREEEZEEL, BT Bohr FEREOREIZKIT 2 EBAEIZ LD Z0OMEMREN
BALL, BB TILE L TDOETMIODWTHOERFELIFET 0
ZOEBRIZFILKASHERMAZOBMZI VT b LEMFELET,
(2% )
1) Y. Sasaki and Y. Nishina, Physica 105B (1981) 45.
2 X~C. Zhang, M. Gal and V Nurmikko, Phys. Rev. B 30 (1984)
6214.
3 J. J. Forney, K. Maschke and E. Mooser, J. Phys. C 10 (1977)
1887.
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BENTVB, Bi sk CREERMET RIMCTE LT, 8D TRBICRERI L BRES T 5
> e RIRBBEDSBRHT R LCEDRS (K1) o ThoRFA—0RETRE, MEmET
BICEEER > THONARIEPE, £V 54 7Lk DHEL R -k BEHETES L BRT
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BEN_RTHEDY, ZORBOXARZ PV EOREBHMES 230 2ERICHEANEREEZSR
Gl ERABEWET 20

O BBl & CHIUSNEZR, S, TROBBRMIS L VOEBBBREOCORREY 5, ZORE
RIEHICRE VRBFHRE £HoL Rohad
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ENdo TOBED peak 75 D= k¥ —%i3RHE phonon PP — Z HEDFEIZZE L,
RIGRBICRTHEELR (P-2) KHIET5 1 K~<27 M v ORFAZESETIL, RETE
DREN KL ZRDphonon D &5 % phonon side band ICKEE Lizd D33 L, A
7 AR RS L 2 OREKRFEUBR L BRPTE 3, AL Z DRET RO W1 EENTH
BAmEICEE ShBATRZTHF S A THER 2RO LE L bh5,

OR, S, THMILML Stokes Shifts ERSFHBICRGT, WRTIRGH L HEE
ThBo ZhbdiStokes Shift BREAVE Lid, ATHRIEROBETFHFE CORMETR
AR P LB TH B, BEFHFCRLNBMIERL Stokes ShiftiZRADENIC
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peak shift BEEICHDLNZ D, BFREDOLERIIRVE L35 h o7, ZOWBBESE
% BEOBETFIZHNT1R )V EDEBE» B EDZ LAL ATBIRELLHEFD
BEEDRLADBND, R, S, TREOCHBESZIEVICHBEEL RS D, BEF-—
BETHEEAEE CCORRTDself energy® renormalization®®E e B B#’Léo‘”
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1) Karasawa et al : Solid State Commun. 44 (1982) 323
2 Kaifu et al :J. Phys. Soc. Jpn 40 (1976) 1377, Nuovo Cimento
38 (1977) 449.
3 Komatsu et al : Physica 99B (1980) 318

4 Tatsumi et al : Solid State Commun. 54 (1985) 587
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CORETE, BOTHEVBBELD - Y EEFBRT (GaAs) n/ (AlAshiZDONVT,
n=1 2 3 40BEICRHFBEABE (LDF) THE Li~ Y Filis &L 20882 L)
(1) FEHE

Al3t, Ga’*, As® A A VBOET v LTiL, BROREHET vy v A EHNS,
Exchange —Correlation £7 V¥ +» MR LTRX aE#ANW3, liEFizoWTit
self —consistent IZf#<,

(20 LDFEIZBIZHTC=F V¥ —-ROEHEN

LDFRIC X2 EHEDOA VY FBEDHETHE, HE=*AF-HRERMAL TRV,
SEOBAICHE L bNEADBERANB L, A4 s DEBED=F 1% — « % v » 7fhiL,
BERRMBECHENTORVNES A2, ABETXLDFEDIORARZEHL, ZhiRET
—oDMBBEMRTFELLT, a5 2—2LLTAYF¥ry» 7OERBEICADELZ LY
RELizo GaAs, ALAsDHAHa=115 DOHkBRMEZR LI LICE-T, BHDAVFF
v v 7EXRBEB TE 5,

(8) (GaAs) n/ (A¢As) n DAV VERZLEMSA

a=115 AW HE L (GaAs) n/  (A4As) n DAY F#E (n=1, 2, 3, 4) %
=L, METHLEEROBBEER L, METHIZOVWTL n=1 2 3, 4 DWPho
Ba%, GaAs, AlAs O~ 7 VEBGOMETFHE, BBEFOHAIZE > T (GaAs) n/

(A2AS) nD7 VA7 VEBIZHVRL2dD LIZERA LHRED B, MEFH L » 7OREIC
HIGT S BMAMIL, REEBVzGaAs, ACAs BTGal As BIXUAL L Asiicit AL
HBAY FRTETNEI L ERT, ThiMAEFHICNLT, Kronig'-f’enny Bors v
Ve MBRIBRIVELUTHED Z LERLTNWS,

i BRIV TIL, A4 27DGaAs, AlAs DXAE GBBTHA) OEERENRT Iz i
DBENLKER, HBEH=F A F—-DE VUL OEEHLIEN, REEOBASHEL - T,
AN I DEEFEFVRLIZBDO LI, ~ v FEBOBRPE LS RS, s EORENGE
HICKHIE T 2 BRI 21X GaAs BIZR->TW3B2, A 270DGaAs DERSHLIZZ LIRS,

(4 n=1 2 3 ARNTI=RAF— o Fr» 7OUKLHE
(GaAs) n/ (A%As) n DIEEHOI, L, XA (L, XAX7 VA7 vEBECBEFHA
WEHRATONHR) OELEEFHELE (TR DED=3AF—%%RD, n=1, 2, 3,
I LTEDfEZ 77 » P LIERER L, SHERREIL n=2 3, 4250 Tid=%1%
— ¥ vy 70direct T, nOHETICONTEATEZ L, n=12VTiE*F+ » 7it in-
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direct (FEHOKIFLA) T F+v» 70MEIEn=2 3 4DFEIV NI, ZOKE
#MOCVDETHER L 72 (GaAs) n/ (AfAs) n IZH 3 BRK A2 bAX DRI Ff 52
DRBELEEL, ~vFF+ oy 7OHREBITn= 2, 3, 4 DAV FF 4y 7HEICDNTL
FERFER LI —HTAHILER L. n= 11OV TEF+» 7iXindirect TH3725, n=
2OHELVFWNKREL R - THBROEM L RS, TOERMEILZ -V 27DGaAs, ALAs DR
DEZFAF — o ¥y y TEIZEVLLS, n=1DFRIHERHBTETND00, FREICKE >
TVEDOPRAREF = » 7 T2 LIVDEDISITE A LN D,
(EZEH)
1) T. Nakayama and H. Kamimura : Band Structure of Semiconductor
Superlattice with Ultrathin Layers (GaAs)n/(A¢As)n with n=1,
2, 3, 4 &mH)
2 A. Ishibashi, Y. Mori, M. Itabashi and Watanabe : Optical Pro-
perties of (A¢As)n(GaAs)n superlattices grown by metalorganic
chemical vapor deposition, to be published in J. Appl. Phys

(September 15 issue of 1985),

EFHFAPR OB EF
hApX.T B M it
BFHE (QW) FoOREFIZOWTERN 2B bR T 5,
(1) IR FHEE D FERANZONT
B FREE n OWARBYFAREE £, DFERANZONTIL Dingle D 73V FIZ-DW T OZERA
46=0e—bh=01BEHTHD, 2— AV FEFATERABPEICL ) RBDO0EELT

A5 LU TORRERIZR D,

@D HEUBBOBAIL, SEBBETFOANFIH, + 7~ v FEFRAIC >N TIE TOER+
vy L BEEET A (IPB) Tidd4=0, @BRAT v+ LEEEET A (FPB) TiX
|44 1= 0 RUEBE] %2185, 144 | =BED fnidETF, ELDOY 7 v FREOHF»S
AL BH LBRENRBE N, 44=0DFRANIETF, ELOTEHRELA EHFRICHA
LB BN THWARIZRIIT 50 EBIZGaAs —Gagg Alo.sAs TL=80(A) THELT
ABL, (Le, Lk)=(1, 3) Df ik (1, 1)Df, DIBHBEIT/L » TR EHL
kﬂﬁétm«\k% Sl 72> T,

@ HBHABEBOBASIZIIPARUFSEHD 2 00RMBTIRHFENS, + 7 v FERAL LT
FPEBREFICRHL @I PBIIXL44=0, @FP BIKXL 1441 =0 RUBE] HH5
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WBH, QWTIR 44 | =HK T4 7 v FX ) PHH 2B EERHES 0TS BRHET
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L/ ag=1RU 05OV TE6RU29TH Y, QWTHEHBOHE T SEHET KA
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(8) BUTHFDORRTF
HFEW 2 RU S RTEOBEDBRTF ORM =4 1+ —E D IRBTHRES, % IPB2 ATt
BL 10THFOSE LHE Le, FPOIBLAL (ap) BE X0/NSL R BIzoh, HEOwRHED
BRIFHIKEES, RUE D OFAHN2 RU 3 KTHFIHBLAE <2 > TBe L
0DBRTIE, 2RIEHAFICHLTIRIKTD, 3KTHEHLTIE0XRTOETF — FiL
7= R VENDWOT, EL RUf, SERICKEL 2-TH <, S0/ 1 REHF©
L0 T2 REBEFOMEF TN D L HBHTH 5o '
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XL 1ET 281, heavy XU light IEFHEDBRINA <27 MARHEHK 3,
GaAs —Ga; AL, AsDL=58 (A) DEBRT— 2 %5720 L BHMX 3,
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SRz, oL BRTFIBROBER TR TS %,
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X5k LT L OLE» HHREL, EEMHKRE 25 LBBALAES <,
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5 A<EBLRD Do BEBIL, HEOBICKLAT 5, BELL TR, ThICEEIZ1KDAD
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& =3¢
1) M. Nakayama, Solid State Commun., to be published.

2 M. Nakayama and M. Matsuura, $£6E 2Rk TETHHERESE #RETE
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Perturbation theory of the photoluminescence spectrum of
modulation—doped quantum wells
Institute for Solid State Physics
University of Tokyo

Roppongi, Minato—ku, Tokyo 106.
Gerrit E. W. Bauer and Tsuneya Ando
Thg photoluminescence spectrum of modulation—doped GaAs—Gaj—4Aly
As quantum wells is investigated by perturbation theory. many—body

and impurity effects are considered separately and a comparison is

carried out with recent experiments.
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Many —body effects are shown to induce a red—shift of the emission
frequencies with is equal to the sum of the self—energies of electrons
and holes, i. e. a narrowing of the fundamental band gap. The self—
energies are calculated by employing the plasmon—pole approximation
to the dielectric function and variationally determined Gaussian
model wave functions normal to the interface. Energy levels are also
calculated by local density—functional theory. The results of both
methods agree well with each other and with the experiments.

The line shape of the luminescence spectrum is examined within the
self —consistent Born approximation. A remarkable dependence of the
broadening of the spectrum on the nature of the scatterers has been
found. While neutral scatterers like surface roughening or alloy
disorder induce a narrowing of the line—shape, charged scatterers
broaden the spectrum strongly.  The broadening calculated for charged
scatterers with a short —range potential is roughly consistent with
available experimental data. Characteristic effects of a strong
magnetic field on the luminescence line shape are found. The predic-
ted dependence of the line shape on the nature of the scatterers and

the magnetic field might be useful in identifying the dominant sca-

ttering processes in a given sample,

EFHFENOOLIR Yy EVRERTOFEY
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DY L 71 AERCBET 5%, EEDSGFHR=E2+>— (MBE) O5KSBSHK
RE (MOCVD) DORELHIZFFICBAICTONE LI E - TETWD, O BEE
~NTRBEILBVT RFRV A CPEARRERB5Z LiZED TEETH S, EEDOHMEE
RS T ChTVB L Vb 3MBER Ol Li-GaAs —A4As BFHFOREICIE, 1ET
BEREOMMABFET S L, BFHAFLLD 7 + ML § X » v A0 LMEIED, v =AIEL,
PR T2 BIZ 2N TAL, /LS ICHBILTERS 20 5 FEH LB SRS T B, —FTit
RAMBE BEFIZKH TG = L ¥ B FHEH (RHEED) 0REDCEHES 285+ 5 =
CILLVRFE VAV TCOREDHEEOERMHEE N TN D, RAZCOHEEPERLEE
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%@%%,QW@6®7¢FWE*7t7%@¥@@@,%KLﬁQOK@%éK%L<&<K
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H. Sakaki, M. Tanaka and J. Yoshino;Jpn J. Appl. Phys. 24

(1985) L417.
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£ 11277 3/DGaAs —Al,Ga As MQW¥:H % 532nm, 30ps, 504] OV—F

%1 GaAs—Al,Ga;.,As MQW SEMICONDUCTOR

sample x Lw(A) Lb(A) Num?er of E(n=le-hh) (eV)
Periods observed|calculated
R3 0.3 | 78 97 50 1.57 |, 1.568
~R21 1 103 72 75 1.55 : 1.555
R86 0.3 200 200 20 1.51 I, 1.521
I
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1) H. Fujiyasu and K. Mochizuki, J. Appl. Phys.

9 H. Fujiyasu, H. Takahashi, H. Shimizu, A. Sasaki and H. Kuwa-

57 2690 (1985).
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| =] EVIDENCE FOR COHERENT EXCITATIONS IN BIOLOGICAL SYSTEMS
L2 g

From theoretical considerations three types of coherent excitations of biological sys-
tems have been suggested : :
(1) vibrations of membranes and of macromolecules with frequencies above 109 Hz :
(i) nearly static excitations of a highly polar state ;
(i) low frequency periodic enzyme reactions.

Experimental evidence in various systems will be discussed.
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