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248 A 2dEeHo] veEbdoh n¥ el GaPulelA] Zneg] 3itgele FHAAIZLe Aol waEEY
om, A4 LxoEAL D(T)=3.2x10° exp(—3.486/ksT)cm?/secol At} p-nGaP &4
oo o] AH7ZZnY ML AHEHL P& F9 £l Zn-O B35 4 (complex center)? Zn7}
FAF AdAE 9 Aloje) wul-AdAE B HZFF Holo e 630nme] FFH oA H9
Aelo] AAY Holo] 9% 550nme] WHo 2 FAHYLW, 100mARTE ¥ HAF FHAA L
9] %% 2 band-filling# g o2 o] Fo] Zth

Abstract The GaP crystals were grown by synthesis solute diffusion method and its properties were in-
vestigated. High quality single crystals were obtained by pull-down the crystal growing ampoule with
velocity of 1.75mm/day. Etch pits density along vertical direction of ingot was increased from 3.8 x 10*
cm % of the first freeze to 2.3 X 10°cm "¢ of the last freeze part. The carrier concentration and mobilities
at room temperature were measured to 197.49cm?/V.sec and 6.75 x 10”cm ", respectively. The tempera-
ture dependence of optical energy gap was empirically fitted to E,(T)=[2.3383 — (6.082 x 107*)T?/(373.
096 +TJeV. Photoluminescence spectra measured at low temperature were consist with sharp line-spec-
tra near band-gap energy due to bound-exciton and phonon participation in band edge recombination
process.

Zn-diffusion depth in GaP was increased with square root of diffusion time and temperature depen-
dence of diffusion coefficient was D(T)=3.2 x 10° exp(—3.486/ksT)cm?/sec. Electroluminescence spec-
tra of p-n GaP homojunction diode are consisted with emission at 630nm due to recombination of donor
in Zn-0O complex center with shallow acceptors and near band edge emission at 550nm. Photon emission

at current injection level of lower than 100mA was due to the band-filling mechanism.
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(liquid encapsulated Czochralski)¥ o2 A%
" GaPAA L HAA HAAAAF P F
wg WA Ey]) sty Alg-sle BO:9 &%
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FaAE 2qed zAsgt. F-ANE
Z2A35l7] Yt =77t 4x4x0.5mm?¢l A
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Fig. 1. As-grown GaP(a)ingots and(b)polished slices.(scale in mm.)
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Fig. 2. Cross-sectional view of first freeze part of as-grown GaP ingots (a) steady state grown, (b) pull-

down grown with steady state growth velocity (V,), (c¢) pull-down with 1.5V, and(d) pull-down with 2V,.
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Fig. 3. Etch pits revealed on cleaved edge(110) of

GaP crystal cut along growth axis of(a) first to
freeze, (b) middle and (-." last to freeze.(x600)
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Fig. 4. Temperature dependence of energy gap of
Gap measured by optical transmitance.
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Fig. 5. Photoluminescence spectrum of GaP

measured at 20K.
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Fig. 6. Cross-sectional view of p-n junction formed by Zn-diffusion into n-type GaP substrate.
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Zn-diffusion in GaP

at 850°C SAbA ol 3, Bue Satol Hedt &A% o
sor A, k¥ Boltzman %ottt wahd 219
82 7] &7 2 5E Zno ato] o &4
€ sl 3 qUAS TF 4 Aom, 1 @S 3
ey 486eVol U L Do 3.2 X 10°cm?/seco] 2L ot
& 19 9% 850°Cel e molA 1AES Zn
S er g BUAA Znrt sud pd Fe FA
e oF 12m¢l pnEFHY thelL =0l 50mAs]
T 2| s Ane Qe AststdA ewel e A
: AgE Az 2AERE Hete ded 2
10 PHOTON ENERGY (eV)
24 22 20 18 16
L T I T T L
1 | | , _
0 o y 2 3 " 5 Zn-diffused p-n GaP diode

SQUARE ROOT OF DIFFUSION TIME (hr'?) Bias currents; 50mA

Fig. 7. Square root of diffusion time dependence of
Zn-diffusion depth in GaP at 850C. .
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Fig. 9. Temperature dependence of electrolumi-

Fig. 8. Temperature dependence of Zn diffusion co- nescence spectra of Zn-diffused p-n GaP diode

efficient in Gap for 4 hour diffusion. with bias current of 50mA.



Aoeh - 252 FH &Y 9% GaPAA ) HH4 A l2ujddA B4 129

o

t} 80Kel 2x oAl <k 630nme] 17 o A
P75 2 529 550nmol A k3 P
Aazy ¢4 HE=AUch 630nme] T3
Ve FrdlAs g3y pndHE pH
|4 BFE s Ao, g8 Znot I
22 EAge Adar a4 AxEE
o olFoW A& F99 i Zn-0
Bt 2 Al (complex cneter)d Zn7F A EH 9
HE =9 Atele] Ty AEiy AAF Ho
o] o3 wgolt}!'™ w3 550nm ¥-29 F
AUl HAas oyzz] o e
A3 ool 9&t wgolrh 2wt F7}Eol
utzl 630nmol Aol a3 BErp ZFASHA
Fap oz ol Fstd i, 550nmeli A9l 3=
T 257t F7istd Hae 4xvl 630nme]
da B AHen FriaEs A =
o2 olFatdrt oj9} go] L2} FI1
el H Azt FgFEoR olFse A& 2
TE7be] @& ouA el hael] ¢fg Aol
W, #& 2RIHAME ZU-4EH %
ofst dFHel7 F2 YEUY, & 250
© oAU RH FIo sfeojdole o
FRol7t Aoz eSS & 5 Ak

Fig.10& 300K &xor FARES
b A7 ZA e A Fuddls ~2HERS
et Ao gzA FJAF/E S wet
A B3 Holop Tul-AAE B Alo]e
AAF Hold o3 HAWE7F F7HetH
oA 7] K- Holo 93 Hag X F
HAF7F SUtstede 1 Ax7F WsbEA ¢
A, mY-AHE % Alold AAY o)
o 9% FAx 100mA ofste] FPHFol
mE &ExE  dggHon  olFIHL
100mAR T F AFPAd e 77329 o F
o] gllth. FHUHF} SUhgol whet EFF
Tt st A e HF9 Fviek €4 p-n
e nd FoAM p¥Fog FUHE 2
Aelole] Fmyl Fristel BAAAFE &)
wolx) 7] wjf-ojth. & FdAF (Dol wst
o Wgr e FRUA (ho) s [=lexpthe/
Eyeol #AE Zteth' o714 Ex pnd ¥
of #HEHE Meolgel FHHEFASE B
P& = e FE @AY, FagdqA et
A5t #BARFEE S Fig. 109
100mA R oh $& AFA A FAAF

£ of X T
2

o]
=
\=1
=

% iy

Z

_,_
X

ofN

PHOTON ENERGY (eV)

24 22 2.0 18 16
T T T T T
Zn-diffused p-n GaP diode
at 300K

150mA

30mA
N

100mA

7

b

.

70mA
N

ELECTROLUMINESCENCE INTENSITY (arb. unit)

50mA\J

30mA

| 1
500 600 700 800

WAVELENGTH (nm)

Fig. 10. Biasing current dependence of electrolumi-
nescence spectra of Zn-diffused p-n Gap diode at
300K.
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