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$ego] 20scem, TS Sol Al 60scemdl @ Fe AA £37} 744 $5etsich. Sehzol M4 Afs] IHelE FHoHS AL
g $4AAen, 600THA ] E3HE e 4 Ach AFM E4Asel st B AuUsle Ehznh APl 2stel
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Abstract Effects of remote hydrogen plasma cleaning process parameters on the removal of Fe impurities on Si sur-
faces and the Fe removal mechanism were investigated. Fe removal efficiency is enhanced with decreasing the plas-
ma exposure time and increasing the rf-power. The optimum plasma exposure time and rf-power are 1 min and
100W, respectively, in the range below 10 min and 100W. Fe removal efficiency is better under lower pressures than
higher pressures, and the optimum H. flow rate was found to be 20 and 60sccm, respectively, under a low and a high
pressure. The post- RHP(remote hydrogen plasma) annealing enhanced metallic contaminants removal efficiency, and
the highest efficiency was achieved at 600°C. According to the AFM analysis results Si surface roughness was im-
proved by 30~50%, which seems to be due to the removal of particles by the plasma cleaning. Also, Fe impurities re-
moval mechanisms by remote hydrogen plasma are discussed.
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Fig. 1. Experimental procedures.
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Fig. 2. The remote plasma cleaning system.



NEF - Mg WL WYL - GHY AT - A

3. Ao} g &
A 1 2y 3¢ =RE $£4 Egpxel AAFA of-
power % T}E 2 =HE ZF FH 7R 3AA]7]
Z, AR A171E WA 7S 2] Fe 8459 559 51

AA7)e] HstS vehd TXRF AFM A4 A3}og}, of
714 ‘contam.” A WL )X E AR F§ FeCly EF
s}e} g0 Fel 29X F AAX &3 ¥& Si
HolAE oujgict. TXRF 445 Jehd 7zt zdo]
AR He] 2jzko] 18 o]dE o Fe #5829 ¥5E& 16
X 10"atoms/cm*E 73Astdo ), 799 AAEH7}
7V gtk £ AR 5, 10822 FUhE
+% Si FHAY Fe B¢y 27 371g& &

FCE I
dedl, ol Fe 2.9 AFH &

2 4
7} Z7hES7) W 2 yztEeh?
e} dFAEe By qad, dubgo 2 AAAe|E 4
23 4% AF A Ay ol EAsHE P dubr ol
e %] (water vapor) o|H, 7= A &
g of A ol FAREALL AU R Sl
Al o] gdol F2E i} &ty g $37]0)
rate) & Fa  EgRopy
0)-2 %% (jon bombardment) ¢l <]}
Z7 el $F7)e p4 Eglzetd s O, OH, H 59
gl 2 5ok 22" 0% OH Za}lzulo) <
3 AA== Fest gleldo g ubg-3to] 4H8}E (oxide)
YAste] Si EHE A Gk oleldt o) wFell
epzo} AAAITko] B4R Fe 2 dwr} 2388 2749
Ze 2 Alg Hrl. 3, oo AFIW H Zef=u}
o] B85} g AFHT o) s wjEHc).
AFM #4723 18 59 geE

o]

4% (redeposition rate)

=)
Hee

down-streameo)ut

o e o ﬂ*ll

2% (desorption

L
e

. A
T A =

a
=
=

. Ao
- T

P -
ad. =

Eefzol 2

coley YR

4 EHZoHE o]4% SiED Aol

& Aol 7Hd & EH AA7] (roughness) & X2
F1 glen, AR Frle) wet W A7 o
7vele g Jellz ok dutdo g 29 AH|7)
F718le FeUe Eefzet WAk (radiation) o) 2%

el Ao} 912} (particle) ¥ 2 FE F7ald], o
714 AFa 27 dA o] e dFel 27t AHA)

o[){ _8, m[m

Z7Ph 41 o2 Y2Enk. 29 49 AFM ARES
v Si BEe AR FAsE 2 wHEel ol et
g slew, olgel vi2 B AArlel Alelet. o] slA

So) Fe 293% AT 0] 4o 2lE HoE BUHEE o2
@ AFM 24Z3E 44178 F7hel me} Fe 580
27}hE A epdE TXRF 247399} dAshs 2

ZE s Fopzet AAA 4A AL 2 o
Ae & FAAF)Z, 100W o]
5] Z&d Fe E4E ¥

25

o roughness

-—e— Fe conc. 20

o

A~/

u:n(am

(y JsseuyBnos sy

Fe contaminations(xE 10atoms/cm?)

!mm smm 10m|n

Plasma exposure time(min)

Fig. 3. Effects of the plasma exposure time of the remote
hydrogen plasma cleaning process on the Fe impurity removal
on Si (TXRF and AFM analysis results)
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Fig. 4. 2-demensional AFM images of the samples remote plasma-treated with the various plasma exposure times: (a) initial (b)

1min (c) 5min (d) 10min.
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Fig. 5. Effects of the rf-power of the remote hydrogen plasma
cleaning process on the Fe impurity removal on Si (TXRF and
AFM analysis results).
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Fig. 6. Effects of the rf-power of the remote hydrogen plasma
cleaning process on the Fe impurity removal on Si.
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Fig. 7. Effects of the rf- power of the remote hydrogen plasma
cleaning process on the metal impurities removal on Si
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Fig. 10. The effects of the post- RHP annealing on the Fe con-
taminants removal on Si (TXRF and AFM analysis results).
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