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7
0 .
0 = T
8 a . 2 a
Kk

B 2.5 GaAs/AlAs BIEFic B 2B FRHODHUMHFEOHER . B
T2 —-XaEReEARLT. BRFBOKEHFO~NOFEHE2FH BTk
FooEBEREERD, GaAs BE AIASBOE &3 1.13nm T %,
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4+l KF—

BRXh7-8F

[ SO O )

14 L REBE BEXhrER
(a) BEXZL (b) MEKSD Y

B 2.6 PREEEN

23 7xhMYIZ7L 2% R (PR) &

PREZER. iGN BHI W AERCE - THHORBRLEHEE5 L. BB L -
TE*EDEEORFEOLNEESORERGHEZMET 2FENITH 2, BEXFEBOL
THREEMTBWTRRY P VEEBb b S, PRER., BELAD L (v 7 b
BY7VL7 9 YR ER) BBO—EEARBRENTED, 27 bSO IcH W2 HG
ASERZEOHALELRATH 2, chid. REHROZNEZESTI2ZEABRB LK 2.61KRT
IRV T¥ERRALGFETIRAZZEOERABED., EMBILAEF - Eflic k-
TERMENBERL->TBREAVEST 2, COBRLEA X AFBEROL{bic LT
REROEABETE.] EExXohTWRLHTEH 3,

AEEEC - TR, RAZTZBTCOERTRAL, fLE A pnEESBEOESET
ELTWA2BROZACLIIFBRENMVERTH2BAH 2, wTFhiceg i, HEW
B RASHPORRIKE> TEELTYA3ERS (built-in field : LTFBF) BEFH%E=%
U, BREBR IV EECENAFERENC L > TRFEEMADBET S, E-TL P
REGEREELFAMRKIC, BELEHACL» TREROZAESFR S BV,

PREBUKHEOLE(EELLTREEW, 20BER., EEAHOBARORXNDH
kit s,

AR/R = Re(cyA¢) (2.4)

CITy it BREOAHA. AHOFEXCLHBOEL VOB BOFERICL > TR
EINBEH. Re(x) i1, HEBxDEHEERT 5, ~ MW PRESR. EFHD
SEEFANBEFVIEBTABB A NVFEF—HETEHAEY?, ZFBROLAcR, BEED
7 brxinF—&, BFREREBIUDEXCLIBERERNOREEIOBKTH 2, Ac
B, BRCIIZBEHEZEET I L E->THESINS, COB, BFEELERLAE
BEOKEXiL->T. BBOEI>CKR25TRBTE88E., AN 28TCHKETE2HEL
kKahhsd, '
BFMEBIUMEXCLIZBREFAOKE SV +H/NEVIEE. Aspnes IL & » THE
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BEAOBARMBKOLILE R STV BM2,

Ac = XP:{Ajexp(iﬁ)(E— Eg, +1T;)™™} (2.5)
1=1
ST, AjRESIRWE. 6, 0HA. B, RBEB AV F— FRBRAEOT + b xx
BT e—-F=rv07775 n;REBHBEST B AN F-TORSKEEECH
BT 2EHTHb. TRFJRjFHOBBER T, L. BROAU TV 2HEN p @
ThbeEllo, Ajid. BREFED 2R, IBFHALAOGEHLBETIER T 2HE50%
BAFIBEROKES LT 2, 6,8, IHEERTH Y, FEHBOERKPERSHLL
CRET B, 1. R, BANPHECEROARRHE > TAST SR VF-DRPTIC
MIGd 20 n; DR, RARBEEOERKNSIRTTHOE 25 TH., 2RILTH NI
30 &% 3,
L. BREFOKREEHTHNEVEVSIRHFR, BREET SROXZM ¢4
Bicilil-sh b,

(eFh)? 3o 1
2.6
| < 29)
CIT.ulk. BF LEfloFEHEEEXZ T h m.. mh&:EL\f:&é\
1 1
LI S (2.7)

Ky Mey My,

TH5Ao50 3, CCT. e RBFOBHBRTH 5,0

K27, R25BEDHRUEK TSI 2R LIbDTH 3, BHoidp=1LBE,
['=1eV. E;=0eV &B Wi, 0D & » THBOKHBELT 2 Z &34 5o Aspnes
ik dE, R2RABROIKRMAOTEEL 220 T, R25% L T, Aspnes ® 3
KA ER (TDF F : Third Derivative Functional Form ) &R & b5 %,

—F, BRUBESR 26EHLEBLVWEER. 75y - Y74y vaik®H (FKO)
ERENE, BEXO 7+ bz xa¥F—ic L TABNRESREZLLPE SN S, F
KOBELTWAEA, ¢hhbb, BREBELKEVWEEG, FEEOL(R, X 281K T
MaRTkBHsh 5, !

D= 30 {As(au 02188, PG my) + iF ()] (28)

1=1
CCTLAR BB FHEPSEEFCBFHERT 2BHSOEBTHEROK & S KLy
THOEHMTH B, k10,

E,—E

no= 3, (2.9)
(h,)? =(C£Z)2 (2.10)
F(r) = wn{Ai(n)) = n;A(n,)} — (—n,)*u(—n) (2.11)
G(n,) = w{Ad(n;)Bd(n;) - n,Ai(n,)Bi(n;)} + 1, u(n;) (2.12)
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0.2~ ' . -

0.1

00 ek

F,G

-otf

-02

R 2.8 B G(n) & F(n)

THO. Ailz) . Bi(z) 3=7 )V —BHTH 2, £z, ulz) 27 » 7RI TH 5, BRR
EXSp-TWBHE. FKOOREAH» S, FHELHEU, OFELUELTH 5,
B.B@¥Gn) & F(n) oF{toBkF2R28ic/Rdo PREZHUVLWT. MEFLZ2T 55
gl RN 24~K 22 L-> THES W2 ERHELERAMBEL OB L > T, YV FEE
DHEBEREE %,

BRI E i, PREETR. RLDIKBFAEHEL., B+ + Y 7 TBF BEM
B ERE-TCBALFABEST 3, LB ->T,. BFORFEHREILBIT 2 BREBE
F BIREAEZRFBLALEEOBRBESE Fp+AF L B3I, PRETII.

%§=IQKHA4%)—A4%+AFH} (2.13)
LRT LB TED, PRESHEERETLHO—>THSBFOREL, BEREHD
REFF, AEEBICL-TELBY, A—HBEBVWTHRAORENR I WIESHE -
BRBRBBEVSLBEHEB NS, (R, BROZHFRIAFE:+ YV 7TO0BEARE -
THET D, REELN - REVREOERRBORENRICL > CTEARENENR I
DTH2, 1. INSOEREREESENE, B2+ v+ ) 7 Ol - I X - T, Bk
BMEE(LLBRBELSLOMIERMALETABESF 2, Lid¥-T,. PRESHRER. B
EEHE - BELORE - Fso PV 7B - REEZEOBRUES oMK LR 3%,
UtoEid. PREVREMTEONA BERELRIAETHIEERL. XBAED
@HET VI FEPOMQW (SL) M 28N BFEETCHLEEEKRT 5, Ll
REOEMPHOERRBERED, 42 RERBEAE->TCTVWELHPRECEAKBEII+
SBPEIATOWE VL, #0934, MQW (SL) kBvwTit, BREF~FoRAOE
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EHEET I, COLHic. PRESEERT I LT, FAHOEEHBE . MQW (SL)
KRBAPRECEFABEZHODLIKTIEREBORE LB - TWS, &5, Ch
$Ttlk,. X240 Cik>ThToAHIOW b MQW (S L) A¥TRR, &~ 7F
CRECORBMAEBTHBLLE > TPRIESCEELEE5A5EEAONDIOT. CLIIMQW
(SL) 2FFET A LCEER NI A—ID—2,N B, COCKODVWTH+RRERD
HETH D, AENCREIRLUBCEREREL KL T DRI PVWTERT 5,

18



24 T7xhYT7L 2% (PR) Blck2EBFE

ARECHVAPREOEREE N 2.9k ¢, ZHE5 XL XK IZ . He-Ne 4
4 v L —¥ (RIRFEKE 632.8nm . NEC &, GLG5360) £ foid Art 4 4 v v— ¥ (RIREE
488.0nm . NEC 8, GLG3201) %2, # 75 4 h v F aw #THiEX L Lt b2 HWi,

R§REES (PREB) +HETIBHEAR. 75 0WO Vv IRF V5T oo
DX EELIERES 0 cn D4R (ICHAXSE., AIR-50) o licbozfni, 2R
KERBTERRBBR. SiO74 b5 44—F (ER7x+ b=2s 28 S1336) 2ZH0
fo COB., EREBONMERE. L—VORELPROEKLERR T 2 b, BFS 2
T4y — (HZE, R69) 2E Wi,

XRHBOMNE. OP7 Y TEAVALEREEERB[EELLLOL. D CHIKS R
BEMT. ACHEAIEAB oy 7477 (NF S, NF5610) TRE LA, Z0%.
EaEbRyva—F (575528, SR6335) Kidk Lico ST DCHARKE
RICHHEL, ACHARBERAC L - THE ULARNBEE{LcHY T 2EETH 5,

Ryva—SFREGINLETR,. FYVIIF (575978, =497 v b)) i
IDFCHILNEBRLERL, avEla—F itk THEIT%2T5 B, PRIESIR. AC
KA %DCHRATEHVEERIT->-TRLN B,

ABCEA2EABBEEOR Xy 44 X (2mm X Imm) OB TH—-KETE L
. EXOZ Ry P YA XRERI4AmMmELEL, COFEIERy FETHNOIE, v—9k
OEMHBESGR VYT VYRHTHE0T, BRASBEE I TV ZEHFHTHEEEY
ERBEOGHETY LR T EBTED, COR, BIEEOBHERERS5 0 mW/cm?
PITFiBR2EIBE Lo £/, Favo PV 7 EAERE. PREEUFEDOF 2y €V I
BHERETIEEZRVT200Hz & L7,

PREBOHUEHHAEROL S LTRE Lz AR THWLEH IR, 2. 1HiTR
~fck iz, GaAs/AIAsMQW (SL) TH5%, 2. 2HIDHEI L2 &, GaAs/AlAs M
QWEANOEF (FEfl) 20T, ~FEVET b3 v F-%2F B T{LH#EM le (1H .
1IL) &, 8% (HEFF) »5 100meV UTULABOLTOR O, GaAs D ¥y FIgT % v
F—3#142eVTHSLIELEZEERTAE . MQW(SL) BO—BEVEB 2 VF -1,
#15eVThHd, Lichi-T, Ciedibd 2K ($830nm) £dul& LT, 750nm(#
1.65eV) & 5 920nm(#7 1.35¢V) O@E TR X7 bV ERFEST B & E LT COFHHADP
RUERLL->T. BE»PSDZRR7 PR, GaAs Ny 77 BH S DEE. MQWER
lelHZBH» S5 0ES. lelL BEBE»SOESODNR L3 >OEEBHENSZ I & BFH
dhzll,

A oM. Fific R L cBH R (X 24~K213) X3 PR2A N7 P LOFTEE
ELERULAEPRARZ PVOERBRO—HT2LOE53 A -9%28513¢ikk-T
T2 EBROK (X 25) 2HVEL». FKOORK (£ 28) 2HVv3hicL-T. Boh
BRI A—3BEFRES, ARATCOBGRA LR, EABRMPEBROIEFESG O (Aspnes
o TDFF?) 2flv 3, Chik. AR REWZEN (F=7) LTtuwiuvwoTt, EHcE
LELTWABF X, +9/NE0wWEEZ OSN30 THS, ThbE, 2t 7s FVx
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ﬁﬁ? %5 ///;;,/////’”)

u;;-~\\\>\§\‘ b ok
N v X
N Z4N7
~
He-Ne b= - “‘X/
25— I(R+ 4R
Fagn

Uy 42707

ACH
Lva—4—

DCxm

R29 PRAER. V7 AFv3 T IRT50W ThH s, BiEHEL
TATV—HE2FHTEE D70 RUBTRILESORERS
Beyv 747y 7T, BRESBEREE CHET 2, E5 50D
BbLra—FiIciliEl, F0BFCIA4¥YTarva—2IKlDAL,
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ANF-BETHIHOPRIES (AR/R) DRA &L T,

P
AR/R = Re{C, Y A;exp(ib;)(E,j — E +14T;)™™} (2.14)
1=1
EIRAT 2, COT 8NS5 A —9DFLVEKIR.23HTRLADTICTRERT 3,
T niK 20T, Ny 7 7B HDEJSIHLT25. MQWREH»SOESRHELT
B30%2{A LI, 10 BFHFOBHAHUS. BEOHFHTHEMFERLTWSSLEE
EPSLOESIEMHLTR.n;=25&Lke > B2EROBRAL LS. n=25.
n=301,. BF (Ff) oOREEERENEFN, 3KTH. 2RINTHBE%2RTH
5THHN2, 5%, HicliboRWRY, RN2M4EPRAXZ PARITKAV S,
DLEBRHLAREREHAVT, PRZR7 PVRIEERTV., 20 ELHAR 2.14TH
g s, ABMORFEHBEZORRIIEI~5 B LR~ 3,
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# 8 k
R 2.10 S PoLYEMEZEDO—F

2.5 =2R¥E=E (ATR) &

YK - GRORMIC., XOOEMEL ABESGLALXFE RS Y v (SP) BER
TEIEBHSOTVAES, BEHATY b iR, BRAMNMBELZIANVF-BRET S EWVWI
BWEFo, -oT, XMKBETS2SPE2RAUT 2 & T B0 REEF O F 2871k
LB, ECAW. K210 RTSPORHMEE» o2 LI cEAHER - REmictE
BTTd, SPOEHBARMOREDE RS 2LIcRKEVLD, ZDEETRS
POBHE - BIRIBTER VW, 2T ARBRKOERELRAOCHOLFETKEL T HHEN
H5o

ERHRE (ATR) B2, COMBERRTEI/THED -2 CH b, COFET
. AR LERHLTWE 7Y ZL0EHEEEERIF. RELBEORHEE b LKL
RAHAEKEREXME ST 5, CoL &, 7VXLAEHOZ N3+ PEEEL TEBI
TEANF-BRREINI2BE. REHRETBES S, COLRFLSDRFRDB DN,
WRZ =7 b ELTHEBEINEZ2DT. ATROZFiIBH 2, 7YX LEHOBB & H I
. 7 vy #< > (Kretschmann) &P &4 5 b~ (Otto) BB 0 2 BHOEEL S
2, R21l(a) &k Hic 7Y TatRBDBEMLTWE 0% 7 vy Fv /EEE. (b) Dk
KEEATWE DR, F—EBEWVS,

IV FRryEBETIR. REBEESH—TH50T, BPXAYNREZTFHCAMETE 3,
L L, 7V X AaREHICABERZHEUT 2LELS 0, WRYWEL AR 7Y X
LALREBECR Y VITRERENTRRL OB ONE, —H. £ v F—E#ETHE.
EORNABTOIMETE S, L L, 7VRXALRABHOBOEREELDEERELUTO
RESLL, o7 YV XLABEHORBATH - RIBRCHPT 2LEEDNH 5,

ATRERID, EDMRICAHAEOBEREEARELTE2 25T 2 (K2.1288), #8
Be ,DRAD B I N E T L (w) O BRABZEALBE, 2OXAICELET ASP



7y XA T Y X A

(a) Kretschmann® & {b} Ottokd &
H2ll 7vyFrvEEEA» P—EE&

OHBARRKROL > KL o0 33,

5 Wew)en{e(w) — pen}

I = Fe) — enHe@) T e} - (215)
REL. cREZhoXE, piB0BUETEH 2, COQWMBEEERL A —HAHK2.12
TOELTHIon2XEH0TbVORBOREFRLT L., WHEBFTORR. nw/c D
BonuEEEe5, SPOSHBARLORARFELRV, TRhb5, ABlcz D& ¥
KEBHELALBE. SPERETILRTER Y, :

ITC. TV XL0BEHEEn,. ARAR0,LTEE, 7YX AP TOREMICFETRS
BOXEDOKE~7 b i, by =n,(wfc)sinf;(K2.12—R#EM) &0 5B, CDEF n, 6D
HEBRT B LT, by > nw/c(REH) T2 EXTRETH S, AMBFEELATV
Ba., AREALI D AZFVARHATAHLALR 7Y X AERA TR T 2, REBEE
T5BE. SPOREEREEM T (w k) KB LI (0,6;) EB2E, 7Y XAKHDH
HELSSPAZzAVF—HBBO, K212(2) 0L HHEEBERRDT 3, - T,
ATRERLE-T. SPORE - BRAIBTREL K 3,

SPHEBMT 3701 (w, ky) PMELSCEHELL TR, GEBEEL TwEELS
IR EB A+ v viE wEBELCOELLSBIAE R+ v Y ny(w/c)sin 6, 5—7F
ERDEIRO,EwEABICEAIABRY - AR+ + VEDS SDOHENS B, AHET
BEBERA++ Y EE2ACTATRAEET - o ,

CIT, ¥EREXHEH VWY y P —RBCBIZATRECIIRHROEHANOE
HAE8ZR4e K213k T4y F—EBBWT, 7YX A, ZXK., AHOFBERE %
NENG(=nd) . 1. end T3, $c. HHORIFRI 2 MOEFEEL D, ZXEO
BE&Z%h&d 3,

TYXafllD oRBBOOTME (pRIEE) 2AHLALEE. FRENTOBERGE
B.1) 7YV XAHTR.

1

- —ik
BE+E = E@F+7 kz U exp{—i(wt — kyz — ky.2)}
Pz
&
+ E.(3+ zjc by exp{—i(wt — kyz + kps2)} (2.16)
Pz
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RN #

ki =nw/c ks = nfw/c)sin 6

1 /
VR
/ 7/
/
3 _f-- e
2 o~/ SP
® .
&« /
/
k.'/nln k//nln
Bk, . Bk,
(a) ATRARY bV (b) SPoOHHMHE

212 SPOSMBGEEATRARS P

£ p 7 X4

y4

1 =&

T7I77 7777777 77777777727
€m HxH

213 0TTORE
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ENED 1) EREBATR.

— - ‘k
Ey,+E, = Euf+7 : ") exp{—i(wt — kyz) + fz}

B
+ B3+ z%") exp{—i(wt — kjz) — Bz} (2.17)
LB, i) ABATHR.
En= E.(Z+ zfg) exp{—i(wt — kyz) — oz — h)} (2.18)
1 Al AN
o = [k = emu?/c? (2.19)

B = \Jkj -/ (2.20)
kpe = ,/e,w’/c"’—kﬁ (2.21)

THREIND, 2=0h BT, BRORBEHLRSOEHK L. BROFHICTFTA
K5 OEGEEVIBERAEMHEAVE &, KRR,

2

—E,
R = |5
ryo@ + 6mB) + (émP — o) exp(26h)[* (2.22)
(o + €mP) + rpol€mB — @) exp(—25h) |
rpv _ M (223)

kps + 16,8

LB &N B,

X 222EX228% 0, RHKRROB/PMEEE A 2 b Pwik. R 22205 BoRER %
0H2VWRBNETELIBEEN S, 7)) XadB+HEY (exp(-26h) << 1) BAE.
R22038%20&F5L57 k. wid. FRERAFEHCHFET S POSHMERE
Bitogd vRbE, 7YX LEBICBLIEREYD, ATRZRY P VicB K 3R
BOBR/NMEEXFA S kv wi, ZX - REREOSPORHBERRA»SFA 502 b w
KiE 5N TCED, 2, ATRERE-T, SPOIEEEHBAUNTE 3,

EBEBOFMAEL LT, ATRERICHVOATWES, ChRE—. SPREH
ERAET 21D, oEENFECHART,. ZAEmm UTOBE S oBHBERCESH
BIENEHTHD, RiE. ERRBVTIR T 5 A RHAGEHu,PEV IO IT, Tk
T7 53X v EEUVRVWAESP (RE73XEVyE5) bY) BERRATEZEMNBTFS
ha, A EHEE TR, BETALBOEENTE AL, AEXZF (LY X, BEFS) 0
B PEMTH S, oI, XBELT, AERMELETEOF ., KB AEOKE
V= —ERHWBIENBTED, VY —RLUAOKRELRHVIEE. BEBME L LT
EEAECT 2 EXLBENNECRBZOT, BB IEANSELNL B,
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