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Low Temperature Recrystallization of Self-Implanted Amorphous Silicon Films
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sput g 550CoIA 40413t o] 4 AWAAA Agew, olws) A YAANE 32mm2 FHAUT

Absiract Silicon ion implantation was performed to LPCVD amorphous Si films and the low tempera-
ture annealing process followed with various conditions to find the optimal physical properties by study-
ing recrystallization behavior. The uniformity of the recrystallized films was inspected by optical micros-
copy and for this purpose, new KOH: (IPA): H,O: K,Cr;0; etchant was developed. XRD and TEM
results showed that the crystallites were grown as a form of dendrite with (111) preferred orientation,
and the grain size was increased with dose concentration. The maximum grain size was obtained when
the 3 x10'%/cm? implanted amorphous Si film was recrystallized at 550°C for more than 40 hrs and at
this condition the grain size was 3.2um.
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Table 1. Sample Notation
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2-1 AHEY o 3 L

1,000A ¢ <L3gds FdAFAZ p-type
(100) Si wafer 9o source gas®4} SiH,&
A8 3] 520C, 0.3Torre] Z 713 A
LPCVD®ell 2jsl 1,500A ¢ wAd Azl
wpebg Zaagc. olghRol Fuld uhubol
£} (damage) % recoiled AtA Yxpo] A
< #Fs7] s FEFE 3.0x10% 7.0x
104, 1.0x10%, 3.0x10%/em? FYNAAE
70KeVe} 90KeVZE 3ol Sit o]2& F<I3t
At 282 520~600Ce Lx¥YaA 3
A 150 A7kl N #9712 MAAHSGE A
=3t AHEe FF Z=WUE& Table 19|
et de 4 219 xgd o wrldth
dE50] SKOBL Si* o]£2 3.0x10%/cm’
dose, 90KeV energy® F43 F 600 Col A
oldd g AlHE ofrsr.

[mplantation o B Ion Implantation condition
. Recrystallization Temperature('C)
Species | (dose, energy)

A 500 00 None

S Si B 510 01 3.0 x 10%/cm?, 90KeV
C 520 02 7.0 x10"/em?, 90KeV

X None D 530 03 1.0 X 10"*/cm?, 90KeV
E 540 04 3.0 X 10%/cm? 90KeV
F 550 05 3.0x10%/cm?, 70KeV
G 560 06 7.0 x10"/cm?, 70KeV
H 570 07 1.0 X 10%/cm?, 70KeV
I 580 08 3.0 x10%/cm?, 70KeV
J 590
K 600 |
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Table 2. Silicon Etchants
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Etchant Composition Etch rate( A /sec) Etching conditions
Planar Etchant® 75 HNO;-8 HF-17 CH;COOH 833 S, ie, RT
B-Etchant® 40 HNO;-1 HF-15 CH,COOH 25 (111) S, ie, RT

33 (100)
KOH-Solution” 234w% KOH-63.3w % H,O- 167 (100) S, ae, 80°C
13.3w% IPA (or alcohol) 10 (111)
Yang Etchant® 1 CrO3(1.5M)-1 HF(49%) 250 S, pe, RT
Schimmel Etchant® 2 HF-1 CrO;(1M) 283~533 S, pe, ag, RT
Secco Etchant!'® 2 HF-1 K,Cr:0;(0.15M) 250 S, pe, ag, RT
New KOH 959% KOH solution- 12 P, pe, 80C

5 % KzCTzO7

% ie : isotropic etching, ae .
pe : preferential etching, ag : ultrasonic agitation
S ! single crystal, P : polycrystal
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Electron Microscope, JEOL JEM-2000EX 1 )
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Fig. 1. Etching morphologies of poly-Si films (SK04) with (a) pre-existing KOH etchant for 5 seconds and

(b) new KOH eichant for 80 seconds at 80C.
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Fig. 2. Temperature dependence of poly-Si etch
rate for new KOH etchant.
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Ak &xo @ AL ANRE Fig. 2 oAt 2E Fig. 30l BRFn ded, 24
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Fig. 4. The effect of implant dose and energy on
the average grain size.
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Fig. 5. Gaussian profiles of self-implantation sili-
con atoms at different implantation energy.

v, BU 2xoA FEE ojdP A o 2F
Y Fol F7hgre] weh AAAVIZE oF 24pm
HA Z4Ee ¢ 5 Adrh FH FPAUA
F3o] thated LW. Wusl A. Chiang V&
Si/Si0;, A® oldel @& FA7A o] 2FY
Al MAEE recoiled AA AER AFH
%7) AP0 o) FolATt A7 EE Si/SI0
, A Ay ZreAY T 2 A
oA #a So gty F3 gy HA
A g4s quAs F7rse] HAYAe] Ad
g1 Ao dAA Tl FEGI A
. B AFdAe 70KeVet 90KeVel F7HA
z9] xS Mg st recoiled At HA2
Q& 9 &ajo] e FFBY T0KeVE

®
Q

Gaussian ¥ X+

Intensity(a. u.)

SHEAEEA A2P A6F (1992)

EAY BE £37 BAARR)S #2FH3
(4R,) 7} Z}7} 997A %t 414A 24 FY ol
FTE Sioutgbel of 2/3 REA HUE B2
olu}, 90KeVe] A S e 1309A 9 S17TAWE
A 34 ole Fxe HuHol Si/Si0, AW
of 7l7tet Ak FY olee Fxol Wi
Fig. 5914 w231 ith

AJAHR =271 soMeE FF AAHEA
Aol WLy o, oJ]& FE oxygen recoils

a7 Ao FLRAYG & dFE XA &
AL & F Utk ol urH o &9
Byyl %9 o)L Fx By Feie= v}
Agt P9Zog 20%FE olFdtd HEIUA
gthe Al 2 BE recoiled A 9X9 ¥
o] £7}4 24 A% AA Aol3tA # %7
gEOoE sAEo A
3—4. MBS AZte] FE

Fig. 6 ol&%9 Z7ol ma ¥4 4%
= %E AR5 MY 2 2AEES 2L

150hrs (111)
(200)
(220)
(311)

B0 *®

25 30 35 40 45 50 55 60

26 (Degree)

Fig. 6. XRD patterns for the sample SK08 at vari-

ous annealing times.
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F UL Ros d4s = SKg AlHd s, §
2 ZAAE ol d= e o] A JEFE ued
XRD A8 24, (111), (220), (311) 3 & 48
o] WS UTH EF 20=32.96" 9| A (200) 3|
d peak® Holed o]& thololR s W=
ol B Z ol o] ROE Si 7]Hol A LA
3k {111} ¥ 7re] o] %3] 4 (double diffraction)

of 7jQlgt Zolth?. or|A F AW E
Q1A Aol At uie} FHAH LT
Z7Hg Bolx e, (220), (311) Z2A U
Ezle 4R B A5 243 TEM &
A 47 E Fig. 7% Fig. 894 RAF1 Q=
d, ojd® Al mE A3 Y=+ XRD
Ao} A ox suk. TED patternd] ¢ &3

Fig. 7. TEM micrographs of the sample SK08 after annealing for (a) 0 hr, (b) 0.5 hr, {(¢) 20 hrs, and (d)

150 hrs.
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Fig. 10. XRD patterns of 150 hrs annealed samples
at various temperatures.
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Fig. 11. TEM micrographs of 150 hrs annealed samples at (a) 520°C (SC08), (b) 550°C (SF08), (c) 580°C
(SI08), and (d) 600C -(SK08).
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Fig. 12. Temperature dependence of the average
grain size,
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