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ABSTRACT

Silicon single crystal is the most frequently used materials for the semiconductor device fabrication.
The crystal growth techniques have been steadily improving for achieving a greater degree of crystal
perfection and large ingot size.

This report present the advantages, disadvantages and technical problems of the various crystal
pulling technique briefly on the economic impact of productivity. Also, future directions of the pulling

technique and process including the economical and quantitative aspects are deal with.
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Fig. 1. The relation between crystal growing
method resistivity, oxygen conc. and
semiconductor device.

Table 1. The relation between CZ single crystal
diameter and charge quantity.

SINGLE CRYSTAL
DIAMETER

{INCH)
CHARGE QUANTITY
QOF POLY CRYSTAL
SILICON(kg)
QUARTZ CRUCIBLE
DIAMETER

(INCH)

8-10 {15-20|30—40}40~60{60-80

10-12/12~14|14-16}16-1818-20

d71e #2x 43 ¥E AHYHoL process
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ranget 10~20x 10E17atoms/cm3, resistivity
ranget 0.011~60€Q - cm Hxo]3, o]&3 CZ
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method2 WEAZ UYL o]&39 O range

b
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9] AL 1~20x10E17atoms/cm*7t=] & Ao)
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Table 2. Quality comparison of each single crystal
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253 Jom ZHo ox MCZ crystalsol
dA HR2E FAToEN FEd cdg v
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ol
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vt oz sl dRE Hde3 =Yoo, g

T2 A AL EA sEa Qe Aot
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ITEM CZ MCZ NTD MCZ FZ NTD FZ
DIAMETER (mm) 50—150 (200) 75-150(200) 75-125(150) 20—-125(150) 20—125(150)
CONDUCTIVITY NP NP N NP X
TYPE
DOPANT P--1-50 P---1-50(50—200) P-.-25—260 P--1-7000 P---25-200
RESISTIVITY B--0.001-50 B+1-500 B---1--500 (500—1000)

Sb++0.007-0.1

As-+0.001-0.02 .
ORIENTATION (111) {100 (511) | (111) (100) {511} (111) €100) (511) (111) (100) (111) (100)
RESISTIVITY N--<10% Nee<C 5% . N---<25% .

N < 2% N-< 3%

RADIAL GRADIENT P-< 3% P< 5% P-<15%
RESISTIVITY N x Newx N--© N0 N-©
UNIFORMITY PA PeA (<+10%) P--0 (£ 10%)
OXYGEN CONCENT -
RATION 10~20 1~20 1~20 <01 <0.1
(X10 atoms/cm?)
CARBON CONTENT <0.2 <0.2 <0.2 <0.2 <0.2
(X10 atoms/cm®)
OSF DENSITY N.-<100 N---<50 N--<50
( /em?) P---<30 P-.<20 P--<20
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Fig. 2. Diameter trend of CZ/FZ crystal.
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Table 3. Wafer specipication for memory
device.
IM(D)RAM | 4M(D)RAM | 16M(D)RAM
Diameter 6 inch 6 inch 8 inch
150+0.3mm | 150+0.3mm | 200+0.2mm
Thickness 625+15m | 625+15m | 725+15m
Orientation Flat 4754 2.5mm | 47.542.5mm | 57.5+2.5mm
Flatness LTV <1.0ym <0.8m <0.5um
Site Size | 15x15mm® | 15x15mm’ | 20X 20mm’
0,Conc. Tolerance <15% <10% <1%
Carbon Conc. <G5x10%em® | <510%m? | <2x10%m’?
Number of Particle <20 <10 <10
Diameter of Particle] ~ >0.3m >0.3m >0.2um
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Table 4. Trnds of oxygen concentration and

precipitation control in CZ Silicon water
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