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H 1. Typical silicon specification.
1960 19% 1980

Wafer Diame- 12-25 50-75 75-100

ter (mm)

Thickness (mm) [0.1-0.2 0.4 0.4-0.6
Resistivity Ra- | 30% 15% <10%

dial Gradient

Dislocation Den- 50,0000 1,000 < 300

sity {em™?)

Surface Finish Y¥m Ym damage free
C;ystal Weight | 200gm 4 kg 10— 20kg

H 2. World requirements for Si for semiconductor

device production.(In millions of the units
noted)
1978 | 1979 | 1980 | 1981 | 1982 { 1983
Area (IN') 513 | 564 | 610 | 720 | 814 | 895
Value ($) 359 | -419 | 478 | 578 | 665 | 731
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Group III elements <0.3PPBA
Group IV elements <1.5PPBA
Heary metals <0.1PPBA
Carbon <300 PPBA
Oxygen <50 PPBA
All others <0.001PPBA

o

Z- acceptor 2| % % 0.1~0.2PPBA ¢]3l2 donor
739 0.2~0.8PPBA %] AL AZstel 7lE MY -

dol £AHo® slm Urf BE FEFolW kL, 4

|
=2
|



19814F 128 ETFIL/Rert $8 % H40

49 ¢FE FLFsiokut gtek @A v Monsanto,
Dow Corning, Westinghouse, Union Carbide), 4=
(Wacker Chemie), Y& (Alol&, 2447} Ele}x|$-4}), 0]
el (Smiel ) F=12| v}Ad4 A2]E makerE o
Aol o 343} silane WS olEstx glr),

v, Moro silane ¥

o] Wiyl 1975 114 Q| mumpxr AxpEs
Abzbo] TJAQl HATHE ARk, o] Tl 4
HAA ALHT Y& cpA AeE Azyygos

=

E557} 0.0lppbE 11-nine =59 21X v}z
AL sk e Ao FHxT Yok
of yhel 4t B4 Aelel skilFe 3 PAA

AR E sl E S GAT ohE, Aal hEuol Fof
A o3} akRijele} HES-A]A AeE 14 Lalol
£ 47k 235 monosilane (SiH,) o] 4 4= EE &
o] et ‘

o]gAl 445 monosilaned 43} YA o}
staghEke] 1,000C o]3te] X Tk slel4 o

R A A g AzsE Aol of
.,’

7149 5L 57 Frie Aaldl 335 silaned
¥rp B5E 557 g order ¥-& ZoR  dyxz
et efy &@A ebAA 4EE AzstAde] 343
silane ol 2% AMcl vht ¥R Ho] AAH2R 5o
ek '

ol4bel ool E §3} 4elE(Sil), 4«3t 4w
Z(SiCL) ol 23 chA A Al zubwlo] gl glxln

H
ARE 3l5ge Ax, Ayl £
Al A o] 5 b2 IR AlH AEsx g3

gt Agolek,

H7lg o ngEs) sl ¥ kdAA

HAA k@Y AzbrjgSolel, S5 A wAH AY
2 Aupake| Ay REE F LA S slE, AAHAY
A A EEER UAEe AALFEE At v
%, B4 AFEEE level & LR A4, obgd dis-
location = swirle] freedt A2 AL AAA 7= 7%
Mk, = oL wlAFgE 2= w4 A E Gl

#Z9] hot issue & WF5 . glr}
LSIE S4l0 28 wsa A
AES] AL "ol E2 A dln

W 3
lo

3 iz =& o] ZHFglo =z} MOS LSI
£ AdelE sk AAL A 4~5ue]W 34

i -

AelZ dlels 7} Adukst 5]7lo] ol=

Zar, 8 Az2|E makerd| A A7 5912 Ao}
AAFo R Aabs]a glef, E44r Ae]E dlolsie] A
Zdell w2 FoakE F AT Folx, WEHd =E 4
2|2 dolsle] AAFolE Asdrw 1y 61 ol
H 4. Silicon wafer distribution by diameter as
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Diameter 1978 | 1979 | 1980 | 1981 | 1982 | 1983
N
2.inch 9 8 8 |7 7 6
3.inch 72 64 56 42 28 118
4 . inch 19 28 36 50 63 73
5. inch 0 0 0 1 2 3
. 12}- //
=] /
< 11- /
°
]
S 1ok
E
29+
=
O
o 8}
&
=
v 7k
§
5 6f
wn
B 5F
St
1)
T 4k
£
8
a3t
2 : L 3 . ,
- 60 65 70 75 80
Year

3%!6. Crystal diameter data on silicon production.

ola
4l

7hgE FAlQlu] oo = A4

7 §glol A&H AR seks Az ek

A AR e)Rojd A2
2] |

et sH: ol of o

SECIEEER
5~ 6 Qlloll 4 fixed ]



I BPRE BT FOE B

ARoEe] el Fole), F¥ AT sl o 0]
¥ oAy F23k 209 MOS LSleb«u | r4Y-ed bi-

polar ICY+ 7w ubiia) A2} A2 lineol Y. -4 7 o]
siz} SgE o @ ok A2l BT 4rgis sleln

4013} ol § FZwo A

o A7dol wiyzspsiosd 1w golnelA
A= chipel A7 Aolw AAMAl 4 Asted gl
lol] whe} gAb4o]l d4bs|o] chip ME i/E AA s
Al BAlZeh B5E dlels A7 wtel] abE A

¥ 5. Number of the chips per silicon wafer.

Wafer Area 3X 3mm 5 X 5em l 7 X 7 mm
Diameter Ratio [Chips ]Ratio Gnips‘Rmio‘lChips Ratio
2. inch 2l 20| 1! s50 . 29 |
3 inch 225|480l 2 1% 25 il 2.7
i 4. inch NEIE RS ;;wl 5.
Hulsh oE 9| chip A4S ol £HoL A4s ¥ A
oleh, ES5ol4 WA 7ol chip 27/t vl A &

7 X Tom(FE MOS LSI &)9 A% 2318l 4915
gdo]Hel| 4] HAul= 1 4l #& chipF+ 1:5.4

2 Frhelm Ued ¢ 4 oo

-—

A ® ) A HS A F:shi- bwjo ] Crochralski
4 (CZ"J)L,“A Float Zone ¥l (FZi),
4l Edge Defined Ribbon Growth # Y Dondritic Web
Growth "™ & of ej7bxi7h abed= e Qlalul
2 oARgsas whale CZ0 ) FZy ey,

Mha) wodel siobA o WA L Aeg g

Pedesti Growth

alolz] o
SR e B

A A Fel| A A EL 2l .70l
oz ol #a|H Aeld st <-aulol4 A
wrgbe] Apg3skg Rl #H ol A AR makerel] 2]

HEY AZ aelsE gleh 2 A ol 24 CZeER

El 1
RO |

pulling A8} ST computer& o8&k~ 44 3~6
Q9| ehA NG AFHMo i A AV ol o
ub A 20k el «abs]an el g

/t. Czochraiski 47! A AT
Czochralski R I A A A R TIR
4 ‘il?: aboom ';' iH oo BT 7}
2 mre| (Alepd @o)ub 4 ¥ LA T a9l
L CZWe dd Eolel Ak vy A

Silicon Seed
Cryatal, Single Crystal

Silicon Rod

Molten
Silicon

o6 0 € 3 2

RF of [Resistance
Heater

Carbon
Susceptor

18] 7. Czochralski process,
stel a7 wooluiu o) ebl A A g &84 ok
oy o 8

seed 4l el¥ SR

o el nhAl 4G - 1oorgg oo

1218, Czochralski Si crystal grower of KAIST.
A 3ol A A5 CZAHY Agara) 4palelch

196013 AEak HE xtR Aol v em®F 104 A
order 2| #$| (dislocation) 7t &askul el sk 4
g ol whagbel wbel 1970w Y- 7 20

o Ratebsy sle] @onkellis A7 3 A~4 9l 9

5391

2 - . '
oalor i 4 dglalE 1007 /em of sl ol 5ol Ao

QE ORI

Lefuk Exejsbelldr o] ME sckAlR A¥g 4
olxink, ot HE HA Wl ofe] 7hx) vjaHd Y A
A4 B2 To] ML Yok F3 FAL s

- 8 -



19814 128 BFTAAMEIE £ 8% £45

oA A9 S §F A ToR ol Folr)

3z Ak4 9} graphite heater Soll 4 ¥415] ElA o] 9
gt odgkliolvl,

CZut7d Holli= A4 7F 2 ~15%107em * Eb&7} 10"

X A Sl o & FolaEol o Ab£i} u

49] of% Hash WAL Aofet et AR 4P A%
of #htol @l s m e,

o] slell% dopant® #7}417 borone|v} phosphor-
us 7 2 A el BdEhAl Eal oA
Fol 03:3"3‘ T3z Aol AL gleh

ul

Z 0] w] z

o 2 &e) H
5 CZy =ukA
4 gFoll A3z tail Zo)
M7 w4 FAlRsL gkow) o
5 1->- phosphor-~

us/b LS Alebeh (2Rl 9)  mpel 4 ofelgk W w

FRACTION OF MELT SOLIDIFIED
- 0.10 020 030 040 0.50 0.60 0.70 0.80 0.9 L00

T Al v -

[ 16.9 {

3

3

ARSENIC k-0.30 -/

-~

RESISTIVITY (chm-cm)
@

ANTIMONY k-0,023

[
T

0 i . N N N - A

0 5 10 15 2 % ® 3 r
CRYSTAL LENGTH (inches)

J2l9. Calculated axial resisistivity profiles of

12kg crystals with four common dopants.

Al bes A Ho Sobduel 84 AeE Felel
e alslstel del W4e Babdown  olHsol
Qe A FRE LAE A4 suel 4Fe 4
& Moyl wEsle] Az S|l el o] uwky o 9

©

Pulling Dwecuon

Sincon Crystal

}Hester

Thermal
[ Cenvecuon

I Orygan

__Stea

Crucible

Sitcon Meit

(€Z Mathod)

1810, Effect of the magnetic field.

g4 Y105 2w £ A2l 415Cmp o] &

/1544 (12,860 ohm ' em )& il 917 wjFel o
fell 2F4H(2,000~3, 000 gauss) 2 Ql7Fahed o v 4o
gt &5 AelE FEE Ao = Uk 4 okoll 4|

Al Aldleltl o] ¢k wbye olu] InSbe| 7144

o ) ¢ v o
20~ ¢

Ao g gah 18 35t el st groupdll 4 48
deld CZA Al &8 Aolrh 5 22 <l /4shar
Al CZ A4 A3A7 A3t 49 Srhv] ol 4
€& e Fou Eol=nl aAbdvufo] Ao zbab
7t Aol AA=l CZHA 2 Ab&£F=E 7t 20ppm ol

&4 2] s} Al obefx|aL Qi

{-p |

N
(=]

A
/

I MN )

vy

o

Oxygen Concentration (PPM)

Magnet on Magnat OFF

Growth
Oraction __

agn,
the magnetic field.

Oxygen concentration control by
ol /129 CZA A% FAL A A

A A2 parameter -

Sk ol Nl =k, o] vigh v

-0 314pEfrie] %55k know howol /| ol Aol 9

Aol WrRE skl L el

g3 low cost solar grade 2] 4el& #AAYL A z2E
Lo

] 9319 2 rechargewty (Z912)al 9|3}



wiltk M Hiiiel Bl BhE

\ =
N
I H LG
E
s —_—
L ||
T - K
‘l D - :—J 1]
] e - T
a T
Mg 1]
L ; '
Ct— | |=—D
| |
p— P
12112, Side view of the melt replenishment CZO

grower. (A)isolation valve, (B) pull chamber, ©
furrace tank, (D)crystal, (E) recharge rod, - (F)
quartz crucible, (G) recharge mechanism and weight
system, (H)torque transducer, (I)recharge holder,
(J) cable, (K) seed holder, (L) ADC optical system,
(M) view port, (O) pull mechanism, and (P) base.
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12114, Float zone process.
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2 A AR Fel

Agkgel wag
St 2y A4S
A7 Holeh, &

X Al mpzeg program¥ pull

)l

rate & W2 A 3t tFolt pull rate s LA i
yhdjo] o] &= vk = rhE ubyo 8§ e
ol gl excess impurity S gl9jHo g A A4 7] =

Holrh o] A& pulling chamber 2| inert7}£& ot ¢
7retAl 7122 4 volatile®dt excess impurity &] S %
E2E S7HIA T E FEE F2Ase wholvh ole
T Y 52 P-doped AA A& 7iEol] A& ML= g
e},

¥ AA e Ariharo 22 w43 Wl (2Y15)
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P BT

110%

{a) Float zone

£10%

(b} Czochralski

+10%

(¢) Neutron transmutation doped.
12115 Relative comparison of resistivity variation
(10 ohm-cm,
1-1-1, spreading resistance probe, readings every
0. 1mm)

across wafer for various processes.

£ 2zt 51 Qe o]He §F AelEF seed
el 3| os 2= ] oleb. alA 3¢la WAl 4
Az CZARS Ae AW ;o] o] e W
P-dopeddl 4 10% °]°}‘°l-ﬂ- B-dopedoll 414> 5% ©]
she] Aol AAbsiar vk

Azpw o) AFAdz

= Aol 2A4AA Aol

Lo B R £ unpoded FZ 4 &}
21z}71 phosphorus 2%

nuclear conversiond 91.271¢] ok phosphorus

© 715t 7 51 &4}3} neutron transmutation doping 3y
of wol AT, $Esiw ek ol (THIs) o2
doping X n-3 #A e AZukgke] vixel £E} o}F

o
Felak olAL 9lxjul radiation damagest A4l
o

s geb®

CZAR A "7 4R activedt ALLFE Y 10%m
Tiu) o3 2] whaiol o HTolL 107 27k

aefxlan gleh

5. ¢lojH( Wafer) M= J1&

CZ, FZ 4ol 23] utEolal Ael& etz A ingot <=
grinding- slicing-lapping-polishing £ T3 AA 4
o) 2 A|ZHAcl E6-% vlF 9 SEMI(semiconductor
equipment and material incorporated) 7} FE& 4 E]
2 go|sie] EETAQu oleidt slolsl EES=
o5 ALgZo|u TEAMSel vhie] 2§E F7 —rlsﬂ
Aolth, dReldE vz ¥E2 JEIDA(Japen elec-

o} i Bhiel
ir 6. SEMI specification standards for 3”and 100
mm diameter silicon wafers.

3”(76. 2mm) 100mm (3. 937”)
Diameter tolerance =+0,025”(%0.7mm) =-1mm (0. 039"
Primary flat length  19.25mm 30. 35mm
Secondary flat length 9, 13mm 16. 20mm
Thickness 15+ 1 mils  625+25micros
Bow (center) S0microns 60microns
Taper (parallelism) 25microns 50microns

On-orientation (100) or (111) +1°
Off-orientation (111) toward

Surface Orientation:

nearest 110 by angle specified
+0.5° (3°%0.5° is the rec-
ommendard

ommended standard for off-

orientation (111) material)

tronic industry development association) 2bi= % 2|3
2 nbSo] dlolst EEHE FAsk gvdl, ©Fe
SEMIS} 42 HuE witeld U™ ZES} FAT

EREEIOEN

7}, vkZ A ingot grinding

Azre] Bk vl A ingotir Aol RE = ¢l
2ol dlejste) AL EFE3bekr] sk A 7ol €A
1Al grinding (L ®16) el = doping #H  ETEol
n-dalx p- dalxel vbAA A whgkol (111) =4
(100) 12} & z7z+ F238b7] 91l A ingot 5% grinding
£A& shAoknt dtek (L¥17)

AR ev

(28)
controlled wheel grinding & %

&
Z Aol centerless grinding W&
# o+ nemorical
= 24 dimensional control®} surface damage’l &
2 akAl A s ok

s oAl A AFg5a Ui 2RE
Al Q& 7k £0.002 inch
diffractometer X-ray lauveu}d] -+
gell oal A A3t ek

orientation control-2 £0.5% HXe|r}

Hl
It

®n
<}
=
a
[¢]
e ]

Axoe|i, 7 Mubekl X-ray
- optical image 3¢
X-ray ghlel] 23k flat

%% grinding damage & Al A3t71 $181 £3] slicing
Aol shehaiql o2 grinding S 248
0.020914 AT

ingot

etching 4l 71t}

v}, &k7 A ingot slicing
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11216, Configuration of diamond cup wheel grinding

process.
(110) PLANE (110) PLANE

P type (100)

. type
180\ (100)
(110) PLANE (110) PLANE

J1&117. SEMI wafer standard flat positions for

distinguishing type and orientation.

2

Ingot slicing ¥4 2 &4= (1)inside diamond blade
saw(id blade),(2)outside diameter diamond  blade
saw (OD blade), (3)band saw,(4)wire saw % o] i
A olevt #HA o) A ingot Hrkelli-  aolxo
ID blade ¥4 (L918) & 23 9= ol wi-fojuf

o] ID blade sawt slicing 9ols} 5o 215z 4
o] +0.5milAE 7153k, as-cut taper 7} 0. 5mil o)
&2} o] AE3l sle] Ak = ID blade® slicing &
W AAMRE loss 7t of dlo)atell B2 12mils ] 9] o],

saw mark 7} 72| glo] silicing =31 e},

8018, Slicing machine of KAIST.
v}, Lapping # polishing

Slicinge| #xt slio'shi: &4 S7l & oFwllapping
4 3t polishing & 425 &4 slck FeollL lap-
ping padell fliojst &% =g wax® §2 5}
ub4koll 4 lapping 1) - wlalo] oddba o v o] &% ¢z

vk, 3.l

sldg

waxt bEokal ¢rot p4jel gl olal o}

w9 lapping 5F . wax free st wh&lealul 2 yo g6

dbye S #ebei 0 4w Japping A1 7] ak Al 0] a2o)

untreated surface

75um(3mil) - A<t
1254m (5 mil) = F<t/2

(b} Cross section

Z1819. Edge round dimension and Cross
of ¢ape rounded wafer.

section

-13-




SR HE RS RUE By

Dapping°] &viel 3}8H3 vk (chemi-thinning) 2.
dlejsl =& HA4710] lapping $Hell A Fuksl
surface damage S M A7 o} go]st  edge
rounding (L@ 19) o] ¥4 ==& @foknt &rf 7
A2 dlolu} A F Al 71¥ processell olgr A A
42 29205} 7o}, .

Process

=
5

Loss Factor

1.00

| CZor FZ Crysal |- - 100%

e 85%

Ingot Grinding

Orientation

Flat Forming

Block Cutting

- 95%

Etching | -—eresran somerre ccree oo
10~204m

Slicing | e e e

350~250 #m
(2"~5004m, 3°~600m )

Etching 0.54
30~604m

Lapping — .73

40~604m

Etching

30~60 pm

Mirror Polishing

15~30m
(2"~350 #m, 3"~450 pm) 0.4

T12120. Crystal loss factor of wafering process.
o Si0, $EE rhel S (pH10~12) o 4
chemical-mechanical polishing (CMP) é;l-udg_% al o)}
W Edol Aol SIEF Artsld che B lapping

& etchingk shel 25 ALyl
3| Zol = golst o ES R adntele} LSI A2

Ja:9

Holl A3 Az folage] dojgeki: ool 2y

=3 g}u}-Ezg] &2 wax free(Z¥21) 3]-7” f‘}:} ‘ﬂ"ﬂ_%ﬂﬂ
sh b g Awedntshis why (1Y22) o) AUs I 9l

42 solst Aol WPsRel et Aolsh AL
g4 A FAROR AFEE AL A AF )
Foleh & (D dlolst FAE FUdal Azt A
@ slolstrt Bgoz Dol s B L Ao B L A
ofahe £41,(3) Wols} oldg Helshe A Solch,

olelqt A 5o| sl A=lojokut & LSI7F LT3k
Alg|Z glelshrt MEE 2R T ool wE odF

AgE s Fgste ek

TCarrier

Top Layer;
High Friction Coefficient
Pliabte, Conformable’ Waterproof

Second Layer; Resilient
Compressible in Volume

2821, Flex-mount polishing system.

Wafer

\ Ve Carrier

~

Polishing
Pads

J8l22. Simultaneous double-sided polishing concept.

2k flo]sh %7}

23 A, Al odel A 2HE AXN Mz
AR dolsht el AhalReld, AAA B4 o
T HYUEE F2 non-contect 24 PAe| s A%
L 2 testingdliL sorting3le] dkT A A3} A2 maker
of TFAck Lo 4E Aolstel W TFAo| ol
TN SEML, J¥ol4L JEIDAG A EZspr} 4
o 4%'}_;.101 Axnk ol AE WbE 4] 22} A2 maker ol
A A n{akeroi] H].%EH‘: specification-& 3| 2}u}c}
E.2kol7k 9tz Aol #Aoleh QM u]Fo|uf eng)
F5 MEA 22 makerol AL 2habel 4 Al E gl

°lsh& A Zsto] self supply sHeul, oleidt AL ma-

. terialoll 4 device ol o|2E EE kEA 71ES 2al

B5eka, 8o by TFUL dustrt x4
olch,

Al & dlelst o] AHE Ao gL A A
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A As), slAA FUEe 34, A Y= b4,
¥eE 5 EX TU3 5o] AT AT ALY
22 A o8 Hrt sIEE ZA WAsHEL
(1) A% uzk
* X-ray 44
«Optical image ¥}
(2) AAHAT
*Optical microscopy
* Transmission electron microscopy
* X-ray topography
*Sem
(3) A4, ®4£ ¥ F55 ETE
eInfrared spectroscopy
*Secondary ion mass spectroscopy
(4) AAH 54
* 2-point probe and 4-point probe ¥4
«Spreading resistance &3
*Hall effect %3
« C-V .2‘1_&13
¢ Lifetime &3
*Sallow level and deep level &3

*Device performance ol £]%F uby]

(5) dlo)3 7% HdUx=

*Non-contact #lo]|® 5l &3

*Surface flatness tester (non-destructive)
*Ellipsometry

*Absorption ¥t

eInterference E3loll 2|3k ubyf

6. IS YT Mg & sy

= AeE A ARl gaddAle AT 43
ol 3 489 {adAst U& Folth F 4~5
W ANE g4 a2 Al dlo]# 2 ornl Henk
+ #¥sc KAl AE5d gz, 22 F9 S9
A 7F o) 7 AelE makerst 34l Hele AlelE
23 ingotE YA Arl- dul 5o AT A
ab-g Tl Aehsbe RS 47, 1983 Y4AS
AL v Aol Eastel =elA s1A wbEa o
A4 a2 s AeE dolsve Ay FYelnt
g &skan et

F71oll A= 1979388 FH-2} UNDP 213 =] el
ga tEA AE EE T B Fo a4 4

Z1223. KAIST grown Si single cryseal ingots 4 -

inch diameter (top), 3-inch diameter (below)
B A Qs golst ME g Ml BT o
TE ZFsled, zhd 12890 Tl Hlze 27
3 g 493, A 5kg 10kg, 15kge] 4elE ©t
A A ingot(1¥23) & A A7 el ATsksdch dA
3] ol A= A AEE(111), (100) =+
doping ¥+ Ael& A AlAES A 23 wafering
3t ol9] B4 Hrtoll gt ATE AYF ook

]

phosphorus

12 srldel Mfdty glv e AvE

v 3 Zhef

(1) CZ crystal grower (12”hot zone, 8 “hot zone)

{2) Cylindrical surface grinding machine

(3) I. D. slicing machine

(4) Automatic etching machine

(5) Polishing machine

(6) Automatic surface flatness tester

(7) Thermal annealer

(8) Semi-automatic spreading resistance measure-
ment

(9) Hall effect measuring system

(10) Non contact resistivity and thickness measure
ment system

(11) C-V and junction profiler
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(12) X-ray system

(13) EPR(K-band) system
(14) Sputtering system
15) Evaporator

(16) Lifetime tester

(17) D. 1. water system

(18) 7% measuring instruments

7. ¥

S8 vetd] 4% assembly 71%-2 1960 HEE 19
70deol ZAH Tl Algel a3 s gle A
o], device7]E-& 1970\ FubH-el <23l 1980
Wele 7193 7152 Eatslst o) &slojok shdl,
7)ol P A material 2| EE Al A ojok A
HE device7|EE AZ F Aok &
deviced] °}2+ technology ¢ vertical integnation ¢}
ol Wl btz Al Akg |A4-L et 53 AT 4k
E4) deviced] 7lFol vlofalxl, £33} =4, 1
UE JAEE 873" wel AR 54| device
o £&3 AR ZA 43T FoB HA  device
sl A 4kE 4] materialell A7 715 FHo] 97

slz gleh

material ol 4]

& el = 8
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