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Analysis of silicon incorporation into the GaAs melt
from the quartz boat during the single crystal
growing with horizontal Bridgman method
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ABSTRACT

The mechanism of silicon incorporation has been analyzed for the boat-grown GaAs
crystals on the basis of phase equilibrium in the Ga and As system. Comparison was made
between silicon concentrations calculated from the thermodynamics of incorporation reaction
and carrier concentrations measured from van der Pauw method. For the 1-T HB(single
temperature zone horizontal Bridgman) crystals, calculated concentrations were 5.3X10%
(atoms /cm’), measured as 9.8x10* (/cm®) at the seed part. They were calculated to be
1.1x10" (atoms/cm’) and measured as 1.5%10° (/cm®) for the 2-T(double tem-
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perature zone) HB crystals. On the other hand, it was found to be closer between the
calculated and measured silicon concentrations for the VGF(vertical gradient freeze)
crystals, which were grown within half the run time compared with 1-T or 2-T HB

method.
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4Ga (1) +Si0,(s)=2Ga,0(g)+Si(l)
Gr=—RT(P’,,, - a,/a',,) (1
Si0,(s)+Si(1)=2Si0(g) (2)
Si0(g)=Si0(s) (3)
3Ga,0(g) +2As,(g)=Ga,0y(s) +4GaAs(s) (4)
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Fig. 1 Schematic diagram of the reaction be-

tween quartz boat and GaAs melt
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Table 1. SIMS data for GaAs crystals grown by HB method(Charles Evans & Associates, USA)

Elements . 5 Cesiun Ton Bombardment
Oxygen lon Bombardment Concentrations (atoms /cm?) Concentations {stoms /)

Sample Na Mg Al K Ca Cr Mn Fe Zn Si Cu

Undoped [HB-Un 5 |<3E14 <7E13<1E16 <1E14 <2E14 <4K13<6E14 <5E14 <3E16 | <5E15 <?2El5
HB-Si 7| 5E15 3El15 4E16 2E15 2E16 6E13<8El4 3E16 <3El6| 1E18 <2E15
HB-Si 8 | 8E14 6E14 3El6<2E14 <2E14<5E13<5E14<3E14 <3E16| 1E18 <1E15
HB-Si 13| 1E15 9El14<1El16 4FE14<3E14<4E13<7E14 2E15 <3El6| 2E18 <2El5
Si-doped |HB-Si 15|<5E14 5E14<2E16 3E14<2E14<4FE13<1E15<5E14 <3E16| 2E18 <2El15
HB-Si 20| 9E14 1E15<9E15 3E14<3El4<5FE13<6E14<6E14 <2FE16 | 3E18 <1El15
HB-Si 22| 7E14 2E15<1El16 3E14<4E14<6E13<6E14<8E14 <3El6| 4E18 5E15
HB-Si 29| 1E15 2E15<8El5 5FE14<2E14<8E13<1E15<7El4 <3El6| 6E18 <2FE15
HB-Si 35{<6E14 1E16 3E16<2E14<3F14 1E14 2E15 2El5 <2E16| 2E19 <2E15
Zn-doped|HB-Zn 21 |<6E14 5E14 <9E15<2E14<2F14 <4F13<6E14<3E14 8E18| 3El6 <3EI5
HB-Zn 33] 9E14 2E15<9E15 4F14<3FE14<5E13<7FE14<6E14 1E19| <5E15. 4El15

~ 8 - A 78 1%, 1996,
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