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ABSTRACT

Coberent precipitation of ZnsP, durmg Zn diffusion in a GalnAsP/InP heterostructure was studied using
high-resolution transmission eleclron mucroscopy. Zn-dhftusion-induced intermixing of Ga and In across the
GalnAsP/InP helervinterface provided a Ga-mixed InP region which was nearly lattice-malched with ZngP,
crystal and thus allowed the coherenl precipitation of Zn;P.. The Zn;P. precipitates were prelerentially nucleated
at stacking faults which were formed to relax interfacial strain built up by the intermixing. The precipilates
were grown to planar epitaxial lavers along (100} plane in the lattice-matched region. The TEM images and
diffracion pettern revealed that the tetragonal ZnaPe crystals were coherently matched to the fco structured
GalnP matrix by the /23 /2% 2 arrangement. The precipitalion reaction of ZnsP» was explained by an alomic
migration model based on the kick-out mechanism.
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Fig. 1. Schematic sketch illustrating (a) Zn diffusion
into the GalnAsP/InP hetercstructure from ga-
seous source, (b} formation of In-mixed Galn
AsP and Ga-mixed InP (GalnP) regions near
the heterointerface due to exclusive Ga-In inte-
rdiffusion induced by the Zn diffusion.
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Fig. 2. Cross-sechonal TEM images of Zn-diffused

GalnAsP/InP heterostructures for (a) 15 min,
() 30 min, and () 1 h at 600°C. Alter Zn diffu-
sion, the wnterface region appears lo be heavily
destroyed due to intermixing, generatmg dislo-
cation (angles on the GalnAsP side and stacking
faults on the substrate side.
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Fig. 3. High-resclution TEM micrograph of the 30 min
Zn-diffused sample showing Zn-related precipi-
tates nuclealed at the lip of the stacking faulls.
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Fig. 4. TEM micrograph of the 1 h Zn-ditfused sample
showing Zn:P: precipitates. The Zn;P, precipila-
tes appear to grow along (001) planes into the
matrix crvslals,
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Fig. 5. TEM nucregraph of the 4 h Zn-diffused sample showing (a) lhe GalnAsP/GalnP interface and a layered
ZnP: precipilate running parallel to the interface, (b) magnified view of the GalnP/Zn,P; interface and

lattice image ol ZnaPa.
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Fig. 6. Selective area diffraction pattern of the Ga.In,
_P/ZnsPy interface region of the 4h Zo-diffu-
sed sample showmg fec (GaJn, P and tetra-
gonal (Zn,Ps) lattice spots
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Fig. 7. Comparigon of the basic cell structures of (a) the III-V compound and (b) Zn,P.. (c) The tetragonal st-
ructure representing the P sites of the unit cell of ZnPy constructed by the /2x,/2X2 arrangement

of 4 fcc cells.

&y 2xed defect flurite 728 z-on, Fig 7(h)2F
atel, Zn H=k7t 8702 AbdA 2= & 6408 Pk
PERC PERSEEE VPR ENEE e

apoll gl o] il T AL A7k W R wid
e =g ZnP.l 8] Az, Fig Te)el viehdl %
o), 49 for &) AAE axbxe PEOE /2Ky,

X2 W ddAlg Aual HAEag o) R4 f90
Fig. 7(Q)ell& ZnsP: WA Hald & foc 28ES 3
P&zl =b=lnt #4]5e] ik

Fig. 62) SAD el A#l2 Aubd A2} InPy)el
feo{GalnP) #A7} /2X/2X2 Md® A= 2 2
of 5 gleh £, o] SAD #®leld 8 Gadni- P R
G ZoPy HEEE vEE FE A E ez

9=k,

[110]Ga\h|1 - XP//[O]-O]anPg
[Oﬂl]cﬁn‘lnl—Xl’//[o()l]Zn']PE

|

g

ez, eH33E)e M AAJg vlel 3], Fig 62} SAD
dgels F ool A v S fabde] dAsHE Mo

e 4E" 7 A4 AAdre, Galn Lol Axba
58 a I8 AXASE 42 2, 2 F o, @' /28
c'mZas] #AAE zhw gk oj=lat FA DA P Tig
8l vlebdl Gadng P} ZnsPa?] stereographic T =&
o]-&8led ciAl Ealzlrh Fig 8ol4] wm fee #HAle
(120) FGE=sh ¢fa'=y/23 A Az (010)

g 24 B9g o Az TS 9 U 998
2 % glom), o 2pe] Fig 62] SAD A€e] 4 T F

e BgRelst B8 5 ek FReks Fg 50

A30F 301993

o0l
201

ToL
T

hkl Gayln,., P(FCC)
hkl:Zn; Py (Tetragonal}

Fig. 8. Superposition of GaJn, P and ZnsF: unit cell
projected alang [$10] direction of ZnyP: and
[1107 direction of Galn;_.T.

&8s TEM #AzF oale2ie, fees "YW F
A7} V2R 2X 2R AYEYE o foc] (LA
B 5 els Al a2 A4 gEe ok V2
¥o/2%2 de 2w A Izotzov ef al¥e] ZnPp9 A
A Adelr] A foo ARl vl atse] A
A& Asiglo, AR B ZHAA 4 ZmPy HAle]
fee Aol olegt AAE st2e QYHE H93
wrt

-211-



h_}"i- o] AL

L

=0.32¢|ch o] & Gapslngr

ZnsPyel A& o1& 5 3l& Gadn, P
Vergard #3225 E] x

Ay Pos/InP AE 7l2 2] Gazl In®] ofe] ¢~
E359e A8 24 x=014%} 941 Fo} 2}
Ax) AdAE $ BEAL9E 23] 99 Galdn-,P
Zal] Gao] SEFHR R 3=0324] A7 A Fe] A
A Aef delalel), 814, Gasln-sAsonPusEel

}

n SiitEel MER Tbedg meRE, DnlhsPi
(r=06148) HE& Y W aFe] AxE 21
L g RE] A 242 ¥’ =058tk 22t GalnAsP
Zo] A Gad] o] Yol e fhabe] (oG4S

<O o) %) ARAF =
slok, gA|2 8 o) TEM #a
ZoPs HUES] Aol BB gholeh. o] A2y
MLV A ZnPolEs Znds) $58e] A2l 2
o4 A YAzAe] HYH dPe G2 ¢ %
ek,

274 S el
oA GalnAsP&E-of =

4.1, Zn P 4 g HE2IF

Fig. 78] GaluP#} ZnP.8l A3z 2 U & InP9
Azuleg =ose® ghel HAA YR GalnP4 ZngPs
4 P A& 2L foc FERE Fe] gle] 943 T35
= olc)h webd] GalnP ZAel A ZnPe 42 P
g9 olFa] glo| @z Znsl In(ex GarilzkEve
]zf],_f-, ot = oglith Zn ez Re 2, &

2IEE In f35L GalnAsP/AnP Aol 4

A elExE HoR aed 9o, el=dl
Ag szl 2le e o, Zngh2l dE
t}2-z} o] Zn A 237} In{Ee Ga) =F
213?}6}—04 In(fEE Ga) 3438 A=HE Adsh o

Aew 473 4 sl

_i

_jr;E‘.

L mlm co o r2 K
jo

e

M
[

M o
o
=

&

370+ 2GaJn - P — ZnPer 2(In =& Ga) @8]

x4 WA e 2y ARE 7lalgic) o] e I-
V BAWel A Zne] ghibv] 2 A9k kick-out #7t
of Zlzstgen, gabz)pet hE g2 A (D HE
el M Zo¥) Eabe] 245 Al Indh #hE
25 P4ss Aol Fig 7@ el 3597 3
25 alma] v, A (Dol g3 In, A4F F ke
In(ft= Ga) ZME} 2g A EF e, vpe A G2 AkiEl
Alelell ] Pel Agd slem F&E

A (Do) HEukse] JhEd-s dyEHer wnd
BEF gieh A (Dl H, RS 2lelert g
(Galn_ Ps} ZnPorc) "4 2, AHald xpEe] 37

m[m e

d}
i

2
g
o
=
l
i
&
i
d
bl
2
[u
2 |Tu
ik
rir
ok
oy
ol
=)
B3
A
v
=l

H, Ine A 98] Zn ST BEL o] S q)
g o)Al g
g4 Al (Dol w2 "Rz dkgo] Alf2 7}
e o), w2, Zn ¥4} GalnP2] Ga, Ing
g4 Pe} 492 ¢ 9 AL Gadn P ZngbPrel 4
A amdalel Aejefa] ofuaia) ejSe] glejerd 3 7
olt), Zn,P.2] AlAd<dfheat of formation)s 208 Kofl 4]
—113 keal/mol2 B 2se] 9Jeh? GaP2} InPe] 298 K
ol Argde 7k —292 —18.0kcal/mol® HorE e
o9, o] ABRKFE, Galdn P AHIFE AAddde]
7b ol sl grEe) g Apele gtz ZAslw, CalnP
oty ZnPo® M3 o] P 2=} 1 moleq) 27.3 keal o] A<
e gadade] w2, af=ls] o] aids) oS0} A
(el Leiet = 9l ZEAQ FEde] & Florh
ole}zlo] Zn FFFEo] FA=E FFEHe| lf Foijx
B-raln, InP @Aol i Zn E4kalells el ZngP,
8 2s Fag He] B 97 AUtk 3 olH=
InPelA ZnP, 4E84 442 AA0Ae] A o2
aldl AR ool o= delr)h Sa=c) W
HApalE ozl deEe =77t
#Fo42 Balg by R] Hiel A& o=t A
dHeq FelgnE, InP AANH=Z 4 =& In
HyE dede] 9498 #FeAe] dvh @3, InP«l 4
Zne] A7)FH BAEe] d% vlor, 535 10%/em® o
e RredME 10% HAEd 2343 Ho= 49
ol ollal Mrlal ghdge] Wg w2 flalamw
Zns} P7l clusler& o) Alad shge] 4=
Felsr A=Az i) 7} clusters] i SR, 9

]{L] il

=3

B

)

&

ol
or 2 M

éé
r,

7% oF vl c.l 2511:]

o2 A% AYH In'®, Zn?', il 422 3HE
248 Zn acceptor, Zn,~ ¢ clustorZE ofF, . ZngPs
BAbel AP SRS AR 5 v o] A 3704

Zn 4717} acceptor® FAAHE A £54A 3. o)
Zn cluster?] 42 P AAolM Znd P& Hr|H

M 4 gl QRS Aste]n, @A A
Atz Ager & A Azrbwige] A

S 7ol A InPo7l BE A A Has B
o = 7}%’@0] AzpstA weslefor & zlojo)
2| o] Qe A (11003
BE apel o, H3dd Feol T

%9 <110> e ek el A, o 4%;:3_@} 2o
%

I
A
al
e

N[o



GalnAsP/InP o] & 724 Zn Habo] 2)at ZnPp8] AHHE

Fig. 9. High-resolution TEM micrograph showing gro-
wth front of ZngF..
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