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(On the Growth and Properties of GaP Single Crystals)

HAad, FE3r

{Seon-Tai KIM, Dong-Chan Moon)
8 9

3t 84 8 2 (SSD:Synthesis Solute Diffusion) o2 GaPHZAAS AAAI I, B71A A
A& ZAEAY. ARG AA e AFEeE 1.75(mm/day) el U3, AARAAE H9H
S AWM A FAANEZN FA GaP 9HARS AAstAY. AAINEYUEE AR A
A& Hegoz 3.8X10(em ] FE 2.3X10°(cm ) 7HA Z718tdth A A9 GaPZd A9 %
o APolsxrs AoM 197.49(cm*/Vsec) & 6.75X 10" [em ™ol A, 77K2l &xdME
266.91 (cm¥/V.sec) 9 3.13X 10" [cm o)t U e exe&gde dgroe E(T)=
2.3383—(6.082X107%)T¥/(373.096+T) (eV) 2 T A}, Ao A FRujdAL =
HAEDLS Fiy orjae] BARATG QAT HAo)] Ee=of Fojz ddle] oy Rae
2zl A ~dEdo] Uetwn, ¢S F949 Sixvd ZndAEHF 9 Alolo] Mo EALA A
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A we kAl A E9 Hazk el GaPe HoMd F4% TO, LO, LA, TA, TA: £+=E59
o|ZAYREQ Ga09 MNERE 2 Sixv g ZndHEH S0 ot dojytr}, ZnE FAHAlF)
o] A &3 pn GaP WHriol oo Ao Ao wBEAI AV} 6250(A)01U, B
0.0916(mW), dF24L 00916(mW), FAEES 0.51%°1Ah

Abstract

The GaP crystals were grown by Synthesis Solute Diffusion(SSD) method and its prop-
erties were investigated. Growth rate at steady states was 1.75(mm/day) and high quality
single crystals were obtained by pull-down the crystal growing ampoule in the furnace with
growth rate. Etch pits density along vertical direction of ingot was increased from 3.8X10*
(cm 2 of first freeze to 2.3X10°(cm™2) of last freeze part. The carrier concentration and
mobilities were measured to 197.49(cm*/V.sec] and 6.75X10"(cm™] at room temperature,
and they were 266.91(cm?/V.sec) and 3.13X10"(cm™) at 77 (K], respectively. The tempera-
ture dependence of optical energy gap was empirically fitted to E.(T)=2.3383—(6.082X 10"
1)T2/(373.096+T) (eV]. Photoluminesecence spectra measured at low temperature were con-
sist with sharp line-spectra near band-gap energy due to bound-exciton and phonon participa-
tion in band edge recombination process, spectra of radiative recombination between shallow
Si-donor to Zn-acceptor and its 1LO and 21O phonon reprica, and broad emission spectra at
1.8932(eV] originated to Sic.-Sir pair emission. The infrared absorption in GaP was cause to
phonon coupling modes of TO, LO, LA, TA:, TA: and vibration modes of Ga:O, Si-donor and
Zn-acceptor, respectively. The GaP p-n light emitting diodes were fabricated on SSD method
grown GaP wafers by Zn-diffusion. Their emitting peak wavelength was 6250(A) at room
temperature, and maximum output power and quantum efficiency were 0.0916(mW) and 0.51
(%], respectively.

* ATt AR FE
* % Beistn A2 Es

—9OQA —



GaP td el J4a SAe st

LA &

M-V s EN=A GaP+ 7148499
o] A4, A 9 =0 WG HEales W
ttole =& AVl f§ Az AHEHD
Atk GaP+= &3l 1465(Clolx, §Hel
A F7Igte] 3971ke g vl 58 dAR &
Ao ¢AAHE Gt Ted. BdHe=
18y LEC(Liquid Encapsulated Czochralski)
Hoz AFd GaPAA-: A9 43HA
Fol Po Fw& A7) sto AH&te
B:0:9% 8§49l GaP Abolol WAstE 7]
Eoke] dA|nbgol| ofste] HAN Z2 AA
Aol thg EAZ} ol VAN ER AHS
o] Az dad st A 4o A
He #A7F denz HId e LECHS
A4 GaP Z1E$el A ogdEa
(LPE:Liquid Phase Epitaxy)¥ & 7]/

& A (VPE:Vapor Phase Epltaxy)‘ﬁﬂi n
.0%3 A A A 71 quﬁa S e oz
Fal AU BeEU4E A B3 as
Folv olFY HAHoz HAANE A
o]q. I

I3 KanekoT 2 443 45
A 82 8 4HSSD : Synthesis Solute Diffu-
sion) 2.2 GaPe §HET 200-—-300(C)
A 22 2xollA dASELEs LEC 2
A9 10°—107[em ™) (S-pits)oll vt 10
(ecm™ A=z A ddo ddde 433
i, 047]°ﬂ p' Ex) o)]}\]-o“,qlﬂl}\]moi A
ot e F kA F&o] 7.4(%)% dFo|
2EE AxsrzA, FHLFIEMYow
AFE GaP 24 & ol &3std daazte] A
Z2FQo] B HIEE Ruddgr. =3
Gillessenend 2" A& A Y 2 W
HQA 27 & A (TGS: Temperature Gra-
dlent Solution)H o2 A& GaP 7I#dl Zn

£ st Azbg dgriol e mol A Aol
7)ol 8] 8] Al 9y Qi A 2t gk dhgrlo] @ = 9
AsBt fgo] $4¥E 213 v ek

i]’“%’él@ﬂ‘ﬁq] o3 GaP9 AAYAL
FHRG o ydog Jegrol ve 7t
ol A AP Ao o]z AYHH FA
7h i A er taEy, A9 Aol
Agell el rje] Aok gong dojre A
e ol &gzl E dolxe Awy
FdalF ez s meld gL

Sk N‘O O.J-
}'J

— 285 —

o & dolxs AR e WA sz e 95
3 A AR B ol LECHY
st 7 F Al feed material 2 M % o] &
* Tk FA LS A Hd 93 R A
A2l ¥ BFHERY GaB oA

b HbgEte] 1182 A
of &2 GaPuhe #Ast:, o] o] ofgin
ol thA] £a o] Prt 8-z A Galle) &

s el el 884 Gag o
tatel S99 gaod GaPdo] 44w
IETEE A%eol GapAde 4ol A
ek 2ot Agel Aol Aol e
olagute) Aol AW, & AW YFA Tl A
; EEHOL SIS Hrn g

o} '47]1‘4-&- 24“‘ 9l ?Ul /P 4'8 L} ?&M
dAEnh o] Ao M ol s AN Ao
ol FolAE AU E AAEA §-4357] 9
sto] 2R E HPdue Avlzuda 9
S 2 AT GaPB A S AAsuzt
AT T, BeEo] HMER 4L Gap
GHEaEe dAstd dgd 2o x4 A,
OﬂilﬁlE‘QEgl Y, £33, 729y
oMo FESF, FR a2 2 HoMg4
54 & A8, oz RE wyiz 4

48 948 NBARLY S8 e e ool

2. Advhy

YIS FASAGNEY o GaPARS
A7) A% A7z ex e 2 2w
FA 2 A2 M9 AYY L M
Bl oM Gat PO AAE g7 1wl Ao
o M2 39 FREA DL e
of Z+zt A go] 3(mm) % 1.2(mm)Q 7HerA
BIAE Ageo] A Fsdon, My ze
SEE N2R9 AR 2tz Pr-PtRh
(13%)dHddlgt CAEHE valew x4
(Han Young, HY8000)o] <dsto 539
LM £0.5C9 #HAx Wde zHsq9
. 889 Gaol &7 A 20(mm) ¢l M9
E7he] ERE 258 Gao] Foly Hbo
SEE 22 11000C)9 25(C/em) 2
SR, P7b AstE R 2xE =)0
A7z 2528 2438t9 o 10(cm)Zolo] 2
A Pel F71skel ¢k 17]9te] HE 425(C) =



MrldAss s 2 A 538 A 3519929 99

TEMPERATURE ('C)
400,900 1000 1100 1200
I+ T T 1

HIGH TEMP.
FURNACE

QUARTZ
AMPOULE GaP
CRUCIBLE FiLM CRYSTAL GROWTH/ _
Ga MELT — INTERFACE ___
GaP CRYSTAL TEMP

GRADIENT

FURNACE

THL $AEABAH(SSD)E 93 Gap
AR F AN} Aoz exy,

Fig.1. Schematic diagram of the equipment
for GaP crystal growth by synthesis,
solute diffusion(SSD) method and
temperature profile in the furnace.
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Fig.3. Cross-sectional view of first freeze
part of as-grown GaP ingots (a)
steadt staty growth, (b)pull-down
growth.
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c) last freeze(2.3x10°cm’

b) middle. (6.2x10%cm?)

a) first freeze(3.8x10%cni?)
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Fig.4. Etch pits revealed on cleaved edge
(110) of GaP crystal cut along

growth axis of (a)first to freeze, (b)
middle and (c)last to freeze.(x600)
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Fig.6. Optical transmittance spectrum of
GaP measured at 300K
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Photoluminescence, GaP at 20K
Ar* laser(488nm)
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Fig.8. Photoluminescence spectrum of GaP
measured at 20K.
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Fig.9. Near band edge emission spectrum of
GaP at 20K.
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Table 1. Assignment of near band edge
emission peaks observed in GaP.
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Table 2. Assignment of infrared absorption
wanenumbers to phonon modes.

Wave number (cm™) Assignment
784 Ga,0O or 3 phonon
755 TO+TO
738 LO+TO
722 LO+LO
707 Si
604 ?

575 TO+LA
559 LO+LA
538 Zn
493 TO+TA,
477 LO+TA,
448 TO+TA,
426 LO+TA,
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RELATIVE E.L. INTENSITY (arb. unit)

559, 493, 477, 446 2 426{cm ™) A A
Aol F4+ 242 TO+TO, LO+TO, LO+
LO, TO—TO-LA, LO+LA, TO+TA,
LO+TA:, TO+TA: 2 LO+TA:9 o|xX
o g3l dojuA BE ¢ 4 o 1
v} 784, 707, 604 2 538(cm™ )M 9 F&
= MitraZb? AAE T=9] g2 s XA
Z1 4 gl 784(ecm )M Y e AR
AZe Agerz ¥H 2949 08 viA=
3 Ga:09 IEFRE (783.5cm™)ol 9% §

PHOTON ENERGY (eV)
23 22 21 20 19 18 17

300KEL.

Zn-diffused p-n GaP diode
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e FYPAFA wE& AAFoj
Ax ~#HEH, (300K)

Fig.12. Injection current dependence of
electroluminescence  spectra  of

Zn-diffused GaP LED.(300K)

F18 Ee AEEEd 93 FHz Az
B, 707 (cm I 538(cm ™)l A 9 FFE o
of &2 FxAA 7 242 87.75(ecm™)
T 66.78(cm™ )¢l Aoz nFo] Ho}l GaP
ol A ol 27 24 82.1meVId Si
139 64(meV)Q ZndAEd 23 F5=2
AR} 02w o] 52 HAA A Fel
494712 e 299 Sid Galol #FH
ol sl Zn2 AZEt. 23 604 (cm )l
Mol AHAHE e U 9S HdFE o
At o] 3i o] GaPolA HLMFF o
g} old) st TrrE 2 0 298 A
glste] F20] el At
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Fig.13. Forward voltage-current and light-
-current  characteristic curves of

Zn-diffused GaP LED.
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QA7 ASe wisted A 2 A el Al 2
smeae 19120 vehiAh AA S
s ~REeg] Ias Z=AAF7E 0.5
(mA)Y © 6250(AJoN A vheRsTh. o] M=
e pnd ¥ pE oA EFHE HozM,
s Zast 2R F A A7t H
AARRL A5 o] Fo)A= Zn-0E-3HA
2o o3 wraolth o9 & GaP ¥
Bgolece F-AFEAR AF-AAS
N zRsel 19134 deidd. o8
AE-AYEYL thoje= WA
= ool g5 HAEE el e,
cut-inA 42 1.86(V)eol . B—-A
o z=9l[ &7t 30(mA) o) el e F& heat-
ingol 9§ JFoz FHFET A ast
gon, HWBZHL 0.0916(mW]I%,
FAEEL 0.51(%)1ch A &AEAN
oz XNRY GaPAAozRE Fvd 7] &
o] ZnE BAbA]7|o] A AT wrio] . =9
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23487 A% WAL BHEL, o EAS
2 domee AA&HW Bt B FAALL
2= BBGo| g ARY & AR
sl gt
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M—-Vageved GaP @444 & $4&
Aoz Agstn, AAYELEY ¥
¥, A71344 2 FALAE ZAEAT
A 2o] 20(mm) 2R AF&EEE AAY
Bl A 1.75(mm/day) ol 3, AAFeiAA
o ARAREEE AAAAE NYAS 8
A7)l AALEo ARYZARE FASE
24 Ao vdAS st 23d 2
Ao BHFE oXFES Fe= D-FHEO]
Az, AXNVERLE AHY 4%F HFe
2 274 ARRAAY 3.8X10cm RS
B v e g BREdA e 2.3X10°(cm 77t
A 271990k, AR E GaP 29 ols x4
AMelolsrs AL 197.49(cm?/V.sec)
9} 6.75%10%(cm )01, 77(K) 9 &=l
A= 266.91 (em?/V.sec) 9 3.13X10"(em™)
oj i th.

AR el &xol&EA e Varshinid ¥A
Aol & ntzsgon, d¥Ho EJ(T)=
2.3383—(6.082%X1074)T?/(373.096+T)
eV Tatd AT A 2oM ZAHE FF0
AL ~dede T4 o7|zte] BANZE
St AAgHA T Fodg AFA I
YA 7] e 238 4 ~dEedo UEY
1, ez Sinyve 2o ANEHEHA A
ol o] EAAMAF 2L ol Wi 1LO,
209 TEEA veion 1 F49
Sica—Sir AHrEeol o3ted 1.8932(eVIAA
Qe wxldZe Hart ek, 74597
zpel el olgte]l Wad BAstAUAE
11.663(meV)olut. GaP4 HEH JFae
TO, LO. LA, TA, TA:ExE9 o|F2R
=, A2A8F S, Ga0d FFEE ¥E SiE
Yot ZnoMEl Sl 93t dojwtrh
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