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(On the Growth and Properties of GaP Single Crystals)
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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°
lem™2) of first freeze to 2.3X10°(cm™®) 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. 13X 10%(cm™) at 77(K], respectively. The tempera-
ture dependence of optical energy gap was empirically fitted to E.(T)=2.3383—(6.082X10"
4)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 2LO phonon reprica, and broad emission spectra at
1.8932(eV) originated to Sic-Sie pair emission. The infrared absorption in GaP was cause to
phonon coupling modes of TO, LO, LA, TA:, TA: and vibration modes of Ga:0, 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.
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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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2g2. 439223 (b)dntd 71w
Fig.2. As-grown GaP(a)ingots and (b)
polished slices.(scale in mm.)
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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°cni2)

b) middle. (6.2x10%cm?2)

a) first freeze(3.8x10%cm?)
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AE detd AAHNE, (a)Z714
FHE, (b)FTRE, (o)AF 4
AEE.

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)

o, 77K9 xdMe #AZ 74.76(0—
cm), 266.91(cd/V.sec), 3.13X10"(cm™3)
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Fig.5. x-ray diffraction pattern of GaP crys-
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ingot.
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Fig.7. Temperature dependence of energy
gap of GaP measured by optical
transmittance.
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Photoluminescence, GaP at 20K
Ar laser(488nm)

exciton
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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.

Peak Photon Energy Assignment
A 2.31536eV Zero Phonon
8 2.30786eV Zero Phonon
1 2.30248eV/A-12.9meV A-TA*

2 2.28843eV/A-29.63meV A-LAX

3 2.27558eV/E;-61.9meV E.-E(Zn)

4 2.26758eV/A-47.7BmeV A-TO*

5 2.25226eV/E-85.22meV Eo(Si)-E,
6 2.21081eV/E-126.67meV | Eg(E,+E)
7 2.16358eV/DA-47.23meV DA-1LO
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Fig.10. Temperature dependence of exciton
emission intensity.

-291—-

ABSORBANCE
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Fig.11. Infrared absorption spectrum of GaP

at 300K.
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GaP Wl AedA 2A3 HALZFF
29EPRL 2118 Boh dF el 4%
AN FF+ 784, 755, 738, 722, 707,
604, 575, 559, 538, 493, 477, 446 ¥ 426
lem el A doiwkoh, MitraZk” A Al GaP
9 ¥ER4(T0=378(cm™), LO=361(cm"
1y, LA=197(cm™), TA115(cm™), TA.=
66(cm™) )2 HE 755, 738, 722, 575,

E2. M FFuFe TERE Atold #
7.

Table 2. Assignment of infrared absorption
wanenumbers to phonon modes.

Wave number (cm™) Assignment
784 Ga,O 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,
446 TO+TA,
426 LO+TA,
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RELATIVE E.L. INTENSITY (arb. unit)

559, 493, 477, 446 2 426(cm )14 39
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Fig.13. Forward voltage-current and light-
-current characteristic curves of

Zn-diffused GaP LED.
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