production of EG-Si monocrystals
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Czochralski method = pulling
advantage:
seed holder

no contact of crystal with crucible Ct'v (water cooled)
— min structural defects
seed

growing crystal

melt

crucible
» temperature 1412 °C

* crystal seed (100) or (111)
e crucible SiO, (~ stable)

* Ar flow (SiO)

» crucible rotation 10-15 min-?

thermocouple

heater

controlled
atmosphere

* crystal rotation (diameter)

: . vessel
 pull 1-5 mm/min (diameter)

(water cooled)




fewer defects

w0
ma
(D)
D S
© 3
S o
s £ v
-+ ()
O aV
o (D)
Y ”r
e% Y-
: 3 .
5 | cd
—~ =X = @©
— O \_,r
g2 H
~ eu
|0rlhU ..nla.p
L O @ Nl o))
n o = - .=
— O o = 7))
© d Cc o @®
— = (B}
7)) L o
- D0
O c £

constant diameter growth

pull rate diminiszed — diameter increased




impurity and dopant segregation v refining
* doping level is not constant

segregation coefficient k = Ci4/Ciiquid

C.=keC,*(1-x)l

s 1
X — crystallization degree
C, — initial concentration in melt
C, — concentration in crystal
o Boron
K ¢!
B 0,8
e Phosphorus, Arsenic
P 0,35
As 0,3
0.1 F
Sb 0,02 T
Antimony
Ge 0,03 -
Mn 0,00001
Cu 0,000004 001 ————pH—+——++—+—+—+—+—+—+

0 0.2 0.4 0.6 0.8
Fraction of Melt Solidified



top part: hi purity
cut off — remelting

different dopant concentration —
different conductivity — control (32P)

Impure end part — purification




crystal is deeper in crucible — temperature profile is changed continuously
» heating power (hi frequency)
e rotation rate

» pulling rate

Grid Ganaration:  Ba CPU,  Dareal

Vi lebtins: 73 & CPUL 43 & rasl
Malrix constrmtlan: 772 CPL, TM sreal
Regler: B CPL, 172 sroal

Linear eystem solver: 108 P, #89 & roal
Total CFU thmes 658 s CPL, #9886 5 roal
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iIndustrial puller

~ 90% EG-Si

advantage:
large diameter 300-400 mm

versatile:

 Si, Ge

« GaAs, GaN

* Csl, KBr, CaF,
* LINDO,, YAIO,




Heating coil

Zone Melting (1952)
melted drop is moved along a crystal

Furified Collected
material impurities

(b)



