Fig. 1. SEM image of silicon wafer surface sliced with wire saw (?500).
Fig. 2. SEM image of the etched surface of the silicon crystal with Wright etching solution for

5 minutes. Before etching, both specimen have as-sliced surface (?500).

Fig. 3. Optical micrograph of the polished silicon crystal grown by directional solidification
(?0, Wright etched for 5 minutes).

Fig. 4. SEM image of silicon wafer surface oxidized with H20. Before oxidation, both specimen
were sliced with wire saw (7500, 1000, Wright etched for 5 minutes).
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Abstract During oxidation process, several type of defects are formed on the surface of the
silicon crystal which was damaged mechanically before oxidation. As the size of abrasive
particle increases, multiple dislocation loops are produced favorably over oxidation—induced
stacking faults, which are dominantly produced when ground with finer abrasive particle. These
defects are not related with the crystal growth process |ike Czochralski or directional
solidification. During directional solidification process, twins and stacking faults are the two
major defects observed in the bulk of the silicon crystal. On the other hand, slip dislocations
produced by the thermal stress are not observed. Thus, not only in single crystalline silicon
crystal but also in multi-crystalline silicon, extrinsic gettering process with programmed
production of surface defects might be highly applicable to silicon wafers for purification.
Key words Mechanical damage, Dislocation loop, Stacking faults, Silicon crystal
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M Czochralski ez H&E o 2F R4 OfLlch &84 SHHCZ d&8E O 23 74 JIHE
HOIO B =2 0/20t0 extrinsic gettering2 S8 74 28 UWR2 =2 HH2 Iis40l =Ch.
1. A&

A ZFO HOHH JIHACl &=Ab(mechanical damage)0l Z=IE HR &ts Z2HUAM &g Hs Z2E
(OISF : Oxidation-Induced Stacking Faults)Ol ZtMSICH1]. 0] Z2&2 N23FUM FHS 25 £
=22 E=0otl= H&(gettering)0l U BEXH MESHUME I/ O Z&o LMz oA
OZ XAFOIN 2 & L MBS Al SHAES JI5t] UCH StUel oz BtEd HESFH M=
silica slurrye A ot JIAHEO &AZ J|E(wafer)2 RHO =10 UCH. Ol ME-=E 22
0.3~1.7 kgf /cm22 M O st Al =1 QL. 0 &A= F=J| 0|Me EHE etching= AEHO0IM
G J10l silica slurrydil 28t 42 JlotE &01Z32z 1 &4 =MHHEE 2&eE )t gig &
COICH. DLt Atsts8d S HE Z=0les 2 20 mm Ao Atst M= Z2E(0ISF)0l &M D JUCHI].
OlS2 ZE2 2F 800 mm SHE ARAHEHOILE AL WRO =Mdte 25 2=22 gettering & =
e sE2 IIE Hez LM UL

EHYA XS] MEE st 74 HAE2 HXEX JHHEO MNIISIE Qotd NZ29 RARKRSE A2t =
Z0ICH. M29 HAfEs 28 =22 S22 ZE06H)| 20 gettering 20| ZR06HCH. EHYE X
HMZEW A= aluminumOlLt phosphorousE Ol&8t gettering0l &0l H3RZ D UACH?2]. AHEZE A4 JE
O HMZEXE otH= wire sawingOlLt 1D sawingS OlEdld U 0O WEOUA S 2o J|HA &AL



A JIEe] HO A =0 EHE XIS MZEONAES 0l JIHEQ &=40| 7‘U(IOI §§ XotE DA
282 MA caustic etching@&Z HMAHSHCH. defLt 2t 0l A Z2E
MEOo=z 2Mple 01 JIHFC =A42 HEo dMoz R&s £ JUH 0|2 %U\ DI“FLHOH

ME = U= 25 2=229 HAHUH =301 2 £ UCH. OIF0 0 Z2& &= HHOIH Bt ==& 7_11
A Z2EE d2 &= ULt

2 AF0ME 20 OZ2F A2 2FO sawing ¥ HOIBSENAMN ZMHE == A= JIAHFQ =42
Ol8st 2&X A& (structural defects)l ZM IJisHES AP StAX StCH 0 JIAHH =&z HE
Z & (stacking faults)OlLl &<l (dislocation) S8 F#x& Z&9 LM R&E &2 0l Z2&2 0l
2ol 28 W20 As 25 =2=22 MAHIF Jis & 20l 0IE 0I8st YA X2 XMotstE I
& 2402 J|H=C}.

2 AEE o3 ANEge HZ2F ﬁi&l d2= Czochralskigieg H4&E RAZE JIHE AIE5AL
ChZ2E A4 AEEZ2 01=2 GT-MX2252 01=2dH d&E 240 kg2 2 R=2 wire sawZ slicing 8 74 JI
L2 AMSOIUCH. 2 A8 MESRe HEE AIEHS ML S&E2 HIME2 22 14 ppma2t 1~3 W cm
ol CrZ2EC HIM&2 1~2 W-cmOICH. Wire sawing S&0l AME&= slurrye &HZ0l 7 mm@ SiC
powder OICt. 74 HOI9 ’ééﬁo—l 2= oA 11000CHIM 2A12F SOt SALHSH(wet oxidation)E Al
ZACH3]. O ASFEA Z0l HF @ H202 HIZE 1 @ 12 42 %S 0120t AIEHO Atglers M1 ot

Ch. OIS0l Z28222 ot 52 =9 Wright etchingS A AISHICH4]. Z&9o &2 ZsSEH0IEDY
F A XS0l (scanning electron microscope, SEM)S ALEZ56HSICEH.
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AAZEE sawingot= HEOUA crackOlLE &0 £ME JtsH0l HIIE D JUCHS]. 0lH S sawing
A 720 2IlE= of=0l 0HR AJ| MR0ICH. Btk sawing A NA FAEHN XADF 2
SO 01222 080t Z2E 29 =22 HAE Dri g ZA0ICH. = B SHUM AIEEE=E
extrinsic getteringOl Jts & A0ICH. 2 AEUHME 4 0l= sawing S =MW = U= Z2&
£ ZEOIQUCEH. Fig. 12 wire sawzZ Z st CP”‘”P EP”‘* Al2|2 HoIHe AEE AlES HHZ
SEM & 0lSold 2=s ZD0ICH. AFRIHA ES0l EH0 UR HEOA Z2E2 = HEE =olg
£JF QT EOHH =T Jisst 289 22 A6t Wright SHE2 0186t Al2s2 & & &0lg82
2 &S A= Fig. 200 JACH. 0] UM ES0| HEESOZ QI8 etch pit2 AKX £ AUl
0|8 ZUERH 74 Z2F2 EHUFTNAN M 22 L4X LSS 2 = JULH 0lHS LBt 35
d= OEHN AAZFE2 d2= A2 Z40ILE 01501 A=20M SItsdtI| WEZel HeZ HhE
EICH6]. CH2F micro crack®! 34$0J etching 2F0A XM EE2 ZMolH2tE AYHOl g A2
£ TEEICH Ol2F 20l AlES] HOHQ sawing Z2HOZ2 HEN = FR D=9 Ao gHOZ =
Hets TE & £IF QICH. ZE0l EMX LT JIHE 40| EIHSHCHE A2 A ZHEH0| &
MECH1]. WOetsd 280l 238330 U*é@ e A M SENA 2NEE HE REE 220 YU
Ct. 24 OZ2E HA40 &Note 2H38ES 24 2 £ U= 22 2EG| {15t EHE A0t o
O &4 &2 HAHS =0l ZE2 2FOIUCH., SHZFH JR20 ZE0| EMoHA Lol daygsS0Y
oz HHFE UZEAE RAE polishingst &0l S0|Z22 2t&st 2= Fig. 30 UCH. AIRNONIA ES
0] & eretel ZAEHIF 2010 ZHEAH A0 E twin0l Z0l SIHES & &= UCH. S0Ist Alalg &2
HEHI e A=l HOICH. E£& UIE22 M2 etch pit =0 twin S0 =XHolD UYL LEs
twin A0 A&E Mo @& Uxlotn QUACH. 0l twinel E@AH0| RN HE Z2Es 220 U
= partial dislocation® A& 20| QUCl= AAIS 201 & £ QUI[7]. 0|8 ZEE2S #49 &
HAZE FOf HACAHUA ZME Z S0 JIoE slip®y Z28= 1O HAOILE sZ0HAM XH0IJF U
Ch. AIRIOIA 2501 AlE £H9| 289 sE= 2 104/cm22 M JIE2 W2 S0 2 S0l 2ot &
ME slip 2 =%(106/cm2)0l HIStod 0K b, ORoFQY W2 MMEOA ZME = S0 2

ol 1
AC
()

slip 810t IsE2 #a 28 WR0 &M & B2 74 HHY fECcz YMAIl= 280
aluminum &2 phosphorous S0l 2|8t strained layerE 0|8t gettering? HE Jits40| R &

S ]



& AHOICk. Z= Czochralski&O0ILt Dendritic Web &gez HEEH= A Z2H H0H =N
(Czochralski 2 dislocated= FX20 St&) & £ Ue slip® A2 =0 HotH H sE2 slip
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Sl E90 &Mots JIHEQ =40 2ot LHME > A= ZEE2 2EOIAC. R4
wire saw= slicing® HHEZ 2= AIBHESZ &3 SE M & =2 HHZEES 2E0IQULCH. 0I0] &gt
2HCZ 749 EHH A0l EHE= WEHOUA silicon interstitial (Si(l)) 0 ZME= AtA
2 SoILRACHB]. 0l Si(l)= &8 ZE0IL MRS LMAIIIE HeZ L™ UCHI]. Fig. 40AM
= wire sawZ slicingE SZ2E W CHZEHAICE AEZ 11000CHAM 2A12 SOt SAIAMGE AI9|D EH
2 H SENS 2 ZEst 2NE 20 =CF. AMEWA 250

[2S PIBH0 Wright 8%02 A2t X

o
o
un o

) Ay
50
0l0
ujo
L
o
K
o
[l

Fig. 30l E0l= Z2& Z&l= UEAN Z2E =2 etch pit=0l dipole2 0IF

Ol= etch pitE2 11 8422 20l loopd HRFA==2 WAECH E£8 0l Z2E=2 etch pite Fig.
4(a)0llA 250l EHOI (100)2 orientationg 2= SHZEO A2} Fig. 4(b)Q CHZAl dlgtd 1
sSIF =0 0] AtAI2 2 ZEE2 2 L HFo SE40] AIE HOo a8 2E&=dteE AIAE 2
OZ=LCH. 0101 At3t E=ZSH0ISF)o ZRE AA HHO 9atd) Ysts 2t 20| LAHAM UL
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Fig. 5. Optical micrograph of the oxidized multi-crystalline silicon surface which was scratched
with SiC paper (#800). (Wet oxidation at 11000C for 2 hours, Wright etched for 5
minutes, ?00).

Fig. 6. SEM image of the etched surface of the silicon wafer oxidized at 11000C for two hours in
wet atmosphere. Before oxidation, the surface was polished with diamond slurry of 6
mm particle (?000).

Fig. 7. SEM image of the etched surface of the silicon wafer oxidized at 11000C for two hours in
wet atmosphere. Before oxidation, the surface was polished with diamond slurry of
0.05 mm particle (?000).



