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2 & & =fdAde At #7184 714434 (low pressure metal organic vapor phase epitaxy) %
2o o8 AAY InGaAsP/InP 7z 9] AH(phase) #3234 (Spinodal ¥3})¢] photoluminescence
(PL)9] 7bm e} b Z(full-width at half maximum, FWHM)el| u]x|& ke dis] -7t Alg
o} Az AL double crystal x—ray diffractometer® AHg3le]l 243193, InGaAsPel 79t e]
Spinodal¥-8] 2 3]-¢- 53} A A} & 0] 7 (transmission electron microscopy, TEM)& Al4-3te] &3}gic)
AR Ao A =25 B 3-3-¥ 1 Spinodal EE#Ho)419 37| (periodicity) st LA #A 7} UL
o] ¥ At = ol2|¥ InGaAsPolldate] m M2z Fze g FH 54o] ofH #A7 sl&
A 47] 98 PL 43S s3¥ow, PLA=9 FWHMe| 24 RE#H oAy F7)d 7atA &Y
e AL ¢ U4t o] A4S A2He = drslr] s Y] of7]¥ 5 9l interac
tion AW Y oyvAele AEL F5E fEstHed old st APARE HAHY = 2t

Abstract The effects of Spinodal decomposition induced phase separated microstructure of InGaAsP/
InP heterostructure on photoluminescence(PL) intensity and FWHM(full-width at half maximum) were
investigated in this study. Lattice mismatches were measured by double crystal x—ray diffractometer,
and the microstructures of phase separated InGaAsP were observed by transmission electron microsco-
py. It was found that the misfit stress calculated from lattice mismatch was related to the periodicity of
Spinodal modulation. Strong dependence of PL intensity and FWHM on the modulation periodicity was
also found. For systematic understanding of these observations, the interaction elastic strain energy
function induced by misfit stress was proposed. The calculation illustrated that the microstructure of the
epilayer such as Spinodal decomposition played an important role in determining the optoelectronic prop-
erties such as PL intensity and PL FWHM
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E3E vle] 95l InGaAsP/InP F-Z o+

miscibility gape] &asledl?, o]l 2§ In-

GaAsPW 9] AH#-2](phase separation) ¥Ahe
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face)ll= AATAGH FAHEEHo] 4]
EAQFER o]Fe] oSy mAFZE, 53
24 modulation®] 3F7|(periodicity)el] v}
= G¥el A dF= Fasda sPgod
t] viopr} el #juhe] Spinodal #-#ell ojd =
4] modulation®] photoluminescence(PL) 7}E
o} 8FAE(full-width at half maximum,
FWHM)el| ®]xe <4%g o|sjgitles HLE
olz A7} F3] ujAF AHe) Ade FoF
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59 AAAS 1AHAH A2 7HFEHe] stoh
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F dA ge AHAeIAal o mut o] 24
9] modulationell & of7|=E PLEA w3}
of ¥ M <8R wirt g

el &£ dFed e InGaAsP/InP A&
& AY #7155 7144 (low pressure
metal organic vapor phase epitaxy, LP
MOVPE) & x]ofl s AAstgdi of=qte]
Z4 RZgdeld F717} PL 7r=s} FWHM
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o] Aol A}45+= AHS LP MOVPE #
el o AAFHGE A 22T FAHG:
p-InP cladZ(~0.6um, p~1x10"%cm™3), Al E
AA In-xGaxAs,P,-, AZ&(~1um), n-InP
buffer&(~2m, n~1x10"%m?). 7\ -8

(100)n-InP(~380um) ojc}. MOVPE A& o
Al4-H  reactant+  triethylgallium, trimethy-
lindium, arsine, phosphineo]® AA2% =
630°C 9t} p—clad® 3} n-buffer® ¢} dopant=
zinc®} siliconolgith. = FAl+= SEMe =z
Falgx, o 24L AAEA ] 1.29x107°
~732x10*J =7} HEE waEgch ¢ =
e e AT oz =gt
Aol A AArstd®. Az5Ag 23 ¢s)
A48 x-ray A a]& double crystal x-—ray
diffractometry(DXRD)% 2%y  (100) InP
monochromator(1st crystal)®} CuKe, radia-
tion(A=0.154056nm)-& o]&3led ol$ 3y
¥ beame d& T YR HAL (400) o
A reflection®} {511} B]HA reflectiong o]
3t £ g YPRAHYE T YY)
PL &# 4] A&+ Y3 helium cryostatel] %
st} Abo A At FUL 1064nme)
B¢ 2+ CW(continuous wave) Nd: YAG
laserdlz 45°¢ Z=2 %94% p-InP clad®
£ A 843 4744 Scan WY e
1100-1400nmy@ 1 PLAHE e 4 dL& o
2 MENE of 0.95-0.98eVelch =H =}
¥ v] 7 (transmission  electron  microscopy,
TEM) #2& €3 VCR Group Dimplers}
ion(Br*ion) milling machines AFg&}e] Alm
& thinning3}lc}. Dark field modeol 4
strong two beam caseE o]g&-3td e =
A BEHe)HE BAsc)

3. & « 1@

Al89 AHAAYFA (coherency state)S
eotstr] ds) HAARALE Adsidev,
AAF- A (400) A > {511} wlHHy
reflectiong &3 FAH =AUt deizl wie} g
o] 19 =18 43} (normal mismatch) Ja,Ya,
9} = 382 3} (parallel mismatch) Jda,/ae=
{511} reflectiong A48t EAlo] Z2HEHE=
Hl ole thet o] Ao

da Y ay= — (tanpdp+ cotf46)

daay= cotedp— cotf A8 (1)
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HEe M2 & d-spacing® ZHARZ(tilt
angle)oll 4 7]Q1% #g=o|ch.

2} misfit(lattice misfit)e oI AA-& Al
717] o)A Ao At AAHE =3t 7
#Be] AR o] AH (da/a)eR EAIH
o, o]l 43 AxAF Aolrt He Aol
o] 42 9 PR Age o]LstwH A=

(#)-Fd%- A5G @

o] 7] 4 v& Poisson®] e}tk (v=1/3).

YPRATE olgakd Gaspel 32
G4y o2 ALY S ok
e=(ai—a’')/a;’ (3)

714 az AAR
e ARaFolw, ok F
st Azpggelehl. & @A
o wigde] od AAHE Aot o W
Ho g A A H el A v 3] o)) A A B ol 7ha A=
2YgsHe A 5 oded 2AYEH o
+E plane stress® 2 (oxx=0y. 02z=0)& 7}4

st} AT & o
o,={E/(1-v)}e (4)

37| Ex gAdAfol 6 x 10''dynes/
cmie 2 qlgstgdchy, Table 1o & o7l
AHeE 2E AR thete] AF7A 7)ed
2z 5 HYrg, ¥ Az misfit, &
Auee, 28n FAEEES A A=
B3g23e automatic Bragg angle control
W abgsle] & AAZEF (lattice cur-

vature) @& E8 A& AdHA2H,

Table 1. Normal mismatch Ja,*/a, Parallel
mismatch Zal/a,, Lattice misfit (4a/a)o, Elas-
tic strain & and Applied stress 6.
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ABQL/ab Aaci‘/ab (Aa/a)u 3 B
Sample|10-/(x10-9)|(x10°) (x1o<*)(x;2ri.y2;‘es

129 | 005 | 069 | 064 659
928 | 013 | 123 1-1.10 | -102
992 | 018 | 161 | 149 | -136
363 | 021 | 193 ~-173| 157
483 ‘ 123 | 305 | -1.81| 212

732 | 497 | 811 | 114 197
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Fig. 1 Parallel mismatch plotted as a function of nor-
mal mismatch. A dotted line represents the lattice
matching state, and a solid line stands for the cubic
state.
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Fig. 2. TEM micrographs showing the composition mod-
ulations in In(;aAsP epilayer. Images are obtained by
strong two beam condition in dark field mode. {(a) 400
reflection; (h) 040 reflection; (¢} 220 reflection. A
marker represents 200nm.

25kl ol Fil 24 ZEHCM, F
spinodalZ s 7} InGaAsP ol ulZo] £a5-&
b 4 glek. 400 reflectiond ¢}&-st= [100]
ko 2 o] gEoldute] imagesl 1 [010]
ko 2 o] mEHle]S imagesl®] et
(Fig. 2(a)).
flection ol &3t [010] Wakez o] ZE
o431 wulo] imagedth(Fig. 2(b)). e} 220
reflectiono] AF&=m [100] whak=t [(010] #k
ko &2 ¢l orthorgonal ZE#jolde) A%

o]8} FArg MLz 040 re-

asje) A (spot)®] HulR EFH o)Al
image®th(Fig. 2(c)). o)& o] <100> =
sfo gl wEHoldol A& Ut = A}
Ale <100> HEo] stAdHo g 7hA softdd
wrefolaln s o]V A AX Y BE
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B3 e o] AlBmEd4] vlH(fine scale) &
Edoldute] &= 2l (coarse scale)
2EH A (F7]~100nm)-& #&=HA ¢
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28 m#siel sed, A4 (liquid
phase epitaxy)®} 7ol vlud ATl =
o HLe(auHez 700°C AIF)dE F7HA
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A$ 630T)¥ALEe] FHs REHOAS
H4¢ 5 glg A2 L& HAAFE 77
L
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"~ InAs ~ GaAs

y(As Composition)

InP 02 04 0.6 0.8 GaP

x(Ga Composition)

Fig. 3.Spinodal decomposition diagram calculated for
the InGaAsP alloy systems'¥. A dotted line corre-
sponds to the composition lattice matched to InP sub-
strate.
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Fig. 4. Compostion modulation wavelength A plotted as
a function of lattice misfit (Z4a/a),.
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bt 7)ge] AREAE Aejo] M @ o
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R(k)= —%{f’wmnmzw 6)

o2 A5 =1 Fourier component®] #Z&
Aegreden Frhstez Y RKkE #



o]Z 4l : InGaAsP ol 1 =t2] Spinodal¥-# &2 F=7} Photoluminescence=4j ol u] x| od & 941

= w24 wavert REHolAde 43 o
rientatione] =t}

BE cubic 2AANA Rk FHdale <
100>ukgfell A g2 k.o Hiigh 4
(6)% kel sk m]E33L o]& zeroZ ¥og

< 7 Sk

_1_J-{+27k)}

o] M ¥ Ao HeslE 4
ool Felajolstz, Wed upsh 2ol ¥y
3] oln 3ol AR HA Aol Ao
27k RAUAs} AdAEE, FHEEY
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R(b)= (5 407 Y(k) + AY( k) + 2KK )
(8)

ojell whe} k.o RE FEtAW AY(k)st B
Edeld F7] st oheH ZE wANE
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ol == (9)
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34 (optoelectronic) EAL =Apslr] ¢ s
PL A¥¢¢& 33+, Fig 5o+ PL
HAEeg(bAlg)e] AYH & A
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g taile ¥& AYAH 2& doping F
EE e duety PL 2dg=gq 23 v}
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PL Intensity (arb. unit)
~.

1135 1205 1275 1345 1415
Wavelength (nm)

Fig. 5. A typical PL spectrum (room tempera-
ture) of InGaAsP epilayer.

velitel ole A" A7t v¥¥gAHnon-
radiative) #Ho]|& o}7]3}= trapo® 243}
7] e, delel & F#9 dangling
bondell ol ofARtEge] ol Fie 7]AjE
o}, PLZAEE vlztgdu g (de])egte] oy
g e HgedE ASHEd ol B WP
AAge Bgol HYHEA A UzbstA 4
2 dge & & Utk

Fig. 6¢ll= PL FWHMe] =z} misfite] &
T2 EAHe] gledl PL FWHME ZAAA
o 74 AR AHgE T deH® &
PL FWHME dulrez 49 BFI™o]
g 2Edgl, A, F4E o EA4%d 9
& of7lEle AR gz sk o] AT
A2 HT e A|EES PL FWHM e <
55-64meVA Eoln} A& a, b, ¢, de= AAF-A

1.4 74
— AO coherent
'§ 121 A @ incoherent 70
'S =
1.0
g fos &
£ o8 =
B -i - 62 %
% 061 E
- 58
g 0.41 =
5 o2 54
00 )

Lattice Misfit (da/a); (x107°)

Fig. 6. PL intensity and FWHM Plotted as a functionh
of lattice unisfit.
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= Hejr}. o] #AE Fig 49 ARE 4
s 4 ol Fig 4e4 #HYe =2z AF
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latione] HzpEAge] Frlell wat FrlE+e
FA7F AAHEAGE A& olv] 4HY v
ey ojg dAyo] PL FWHMAIAME &S
Bk Aol oz’ wAEL EXE Fig
7o+ PL FWHME& 24 modulation F7] A
o 42 vepdidded] AN Hoaly
PL FWHMs modulation F7]|2t= HAAHe
2 FAdY FHAFAE Holz . =4
modulationd] F7]7} =X ¥¢E, == 4
(phase) ##9 =7+ AHAsF PL
FWHMe| Z7igches Ael, 471 A=
| del®] slal R Q¥ modulationF 7] 3
&, & 4Re A9 Hgez PL FWHME
228 Aeolch. A7dA Fag HE o] A
EEo] vE HHYE AL U szt A
-rM] o4 e e JeRr) $-4

3 7$ol= PL FWHMS 37)7) 3 frcte
"‘d°l HAch dnz 2 g7 4143 A
59 x4 FWHME coherentr] 82 7% 38
~b3arc secy 22 e}y, incoherent AlE
o] A Lol 100~230arc secd WHYE #E=

4 5 6 7 8 9 10 11
Modulation Wavelength A (nm)

Fig. 7. Dependence of PL FWHM on modulation wave-
length A
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Fig. 8. Effects of interaction elastic energy JY on mod-
ulation wavelength A and PL. FWHM.
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