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Application of atmospheric pressure plasma polishing
method in machining of silicon ultra-smooth surface

ZHANG Ju-fan, WANG Bo, DONG Shen
( Center for Precision Engineering » Harbin Institute of Technology, Harbin 150001,China)

Abstract: Based on low temperature plasma chemical process, a novel non-contacting precision machi-
ning method, the Atmospheric Pressure Plasma Polishing (APPP) method, is developed. The APPP
method utilizes the chemical reaction between the reactive plasma and the surface atoms to perform the
atom scale removal process to avoid surface/subsurface defects. A self-fabricated system is built to im-
plement this technology in the machining of ultra-smooth surfaces. As the key component, a capaci-
tance coupling atmospheric pressure radio-frequency plasma torch is firstly introduced. By an atomic
emission spectroscopic analysis, the atom component and relative densities of the plasma zone can be
obtained. The subsequent theoretical analysis reveals that specific radical atom corresponds to certain
electron transition state, which can indicate the different roles of various radical atoms in the reaction
process. In initial operations, silicon wafers are machined as samples. Before applying operations,
both the temperature distribution on the workpiece surface and the spatial flow field distribution in the

machining process are studied qualitatively by finite element analysis. Then the subsequent tempera-
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ture measuring experiments demonstrate the formation of the temperature gradient on the wafer sur-
face predicted by the theoretical analysis and indicate a peak temperature about 90 C in the center. U-
sing a commercialized form talysurf, the machined surface is detected and the results show regular re-
moval profiles coincide well with the flow field model. Moreover, the removal profile also indicates a
32 mm’/min removal rate. Using the atomic force microscopy (AFM), the surface roughness of
0.6 nm for the machined surface is also obtained. Then the element composition and proportion are
detected and analyzed by an X-ray photoelectron spectroscopy (XPS). The results also demonstrate
the occurrence of the anticipated main reactions. All the experiments have proved that this APPP
method has a potential for fabrications of high quality optical components.

Key words: atmospheric pressure plasma polishing method; ultra-smooth surface; single crystal sili-

con; capacitance coupling
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Tab.1 Wavelengths and corresponding transition orbits

of radical fluorine atom spectrograms

Wazzzlnelr)lgth Transition between orbits

623.965  25"2p'C°P)3s ‘P % —2s"2p*CP)3p 'S %
634.851  25°2p"(°P)3s ‘P % —25°2p'CP)3p 'S Y%
685.603  2s°2p'CPP)3s ‘P % —25"2p'CP)3p ‘D’ U
690.247  25°2p'CP)3s ‘P % —2592p'CP)3p ‘D’ %
712,789 28°2p'CCP)3s (P Y% —282p'CP)3p PT Y
720.236  258°2p'CP)3s P Y —25°2p'CP)3p PP Y
733,196 25°2p'CP)3s ‘P % —282p'CP)3p ‘P° Y
742.565  25°2p'CP)3s ‘P %—252p'CP)3p ‘P Y
748.916  25°2p"CPP)3s P Y —25"2p'CP)3p*t ST U
757.338  258°2p'(CP)3s ‘P Y4 —282p'CP)3p 'P° Y

4 FB 5ot

XoF 0 A R s ) AR 3 R i 2 T
T3 43 A 1 0 32 FH AT B OGO 3 7T DL ST T B
PSR, R S B R R 1 S X AR ES Y e T
A 23 R FR . H = 4E RS0l B a5 R B R
TR A [ [ A o AR AR B O (T
B ) R, T S BHE 43 BT 489 5k FH A o 1 (e —
A L = 4 o A R v O T A5 k) A i
SR ALY RS Y st m] . IR RIS T
AIE N 32 38 % 117 D0 L A 52 2% L 8 9 L D 8 A< IAR
RN T LM TTRRAS K, HLA I 52 BE s B A 3
0] 48—, (R, o] DA EAT & B A (R AN faT Ak, I
He ARG

SR S B Ao AR AR TE S T N R
Z BT T ph M O 3 B R 5 SRR
P15 9 25 ) 1] R 23 A o G 2 P 0 43 17 485 28 n
5 iR . B R R T B3 R S B R E A T A
F A AB O AE BT AR P AU T L
FARBBAE AR ERK HEERE . 45
PRIR M 55 88 IR E S  — 3B 2 2 o) N 1 ZE T <
% ] X il — X (C X)L, ik —H A
AR 25 U R0 1) AT R B Y08 B B 5 Tk
655 A 2R [ 0 B /)N B B 0 30 BB 23 T B )
23 () A7 . B B I X AT MR T 7



%114

5 B &5 < QA B 1 AL D A T I T Ak A T R ) 1

1753

B G MELER /DN 5 2 THT 5 [ 4 ik L 23 R I (1] 2
R I H AT AR s A5 24 B 99 A 1A b 7S 5 1T
[ SN B MR A 12 B i i e B A A S i)
A7 ANFRBE MR AR T I8 PORE 5 R el /)
PR I ELAE AN T8 Y B0k R R B 2 XA 22
B DRI bR 25 B SR 7 A 2 T AL X (C
DX 5 K 1) DU Ji) 5 9 338 0k o T O g — 5[]
(1] 28 6F K T

128 0 TS B SR T e R R O i A
S B AR S Rk B E AN Sl TR S 2 R
600 WL SO 40 L/ min, DY JRA i I
7 0.35 L/min i) TEZHCE . #5647 10 min A0
TS5 PRI e B A 3R T Ak T e R A
A, P EE R BRI R I TSR . HoS
7 (6] 5 ) BEAE o MBS SRUAR AT - AR AT 6 i 7 (R A

AmED . Ko THREZ N 40 pm, WESE T 1R
I A AR R TR T 1) B R AR L BR R AR
4 pm/min, 75 R 2 BR A ES AY 45 () [0 5 00 AR
AR S BT 2 T 58 o TR %) 432 mm?® /min,

& 5

25 [ 38 33 73 A B B

Theoretical model of spatial flow field distri-

Fig. 5

bution

Modified profil Z1}-1-P/59.200 mm/Ls line 05/09/2006 09:37:03
© léz prottie wangbo-2-60.1 mm/Admin/ETS PG1 1240 051052006 09:35729

60 60
§ 40 / A 40 §
5 2 BTSN / 20 3
o V/ \ "“'/ R o
g O < PN 7 10 3
= 20 D 20 =

40 : . 40

i % i I i i Z
-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Millimetres

Kl 6

0 T 22 T 25 B A R B0 1 4R

Fig. 6 Removal profile of machined surface detected by form talysurf

E S50 2o AR v, 3 6 B il 2R T A 3 BE 43 A
17 Br A . 5 532 R A BR G O v i T
T vy T 3R 0 TR B 43 A AT M A BT b
THEE R SR LA S 1) T b A T ) Tk
10, A M 7 . A Hr g B R oR BE i R
TE BT 5 WYt e A s e DX R AR TR B
T DR AR AR

FESZ I v, XA il 2 T80 A IR B AT T
S YR 17 SRR == o S A= (L S IS5/ 2 Ny i B
TF R B 45 R B 35 e o b b {EL A7 1 ) PN 17
TH iR AR i — BEwt 1] /) - TR N B g
£ R BE P45 B A — R (BT AN 3R 2 R
(5 PE B IABE DL AR 19 T, 28 T BB A 3 AR
SR . D45 SR 0 T AR 2% 1 A SR

BT BT RS EE, Horpo IR TR
IR I3 B 25 RAHFT

P 7 A3 T IR A Y FEE 4 A 45 2

Fig. 7 Theoretical model of temperature distribution

on workpiece surface



1754 j\lﬁli

K% T

%15 &

10 mm 10 mm 30 mm

Oooano 0
A4 B C D

P8 Y I i 0 v ) 1)L A3 A
Fig. 8 Locations of measuring spots in temperature

measurement

*x2 BE%E

Tab. 2 Final temperatures

Spot Temperature ('C)
A 90
B 80
C 76
D 67

5 R@EmEn

I G S 43 50 R 0 OB (AFMD 78
A2 1 () — DX 8 P (G R BRAE 2 mm X 2 mm
AN Sk HL 3% T RDRE J3E EA T T 22 Uk AL 5, 0 o
ZER LBRRE  BABUEZE A K. WK 9 PR,
I L5 i R RS FEAE — LB N E 53] Ra=
0.6 nm, BN TR E T 1 nm BLEL, R KR
%%%ﬁwm%&ﬂimuifmmﬂezwm%m

o fH 25 BB AU RN A B AF 22 R R R L 38

ﬁ‘ﬁ%X]LIZJ ﬂ;‘E& U%I)I.;Ejtﬁ$/\ﬁgl%ﬁg
e T,
K X B LRG3 (XPS) 43 i 8 AR X

L5 R R TE YO0 R L AT TR A £
g 10 s, B 10 Hral DUE A 3. i T IX
WA SiVFLO.C e = frfe . Hoh—3K 4 O F
ConH & LR iS22 gl = h s R I
R R 5 1 55— O F1 C Je R 78 m Tl ##
TR ECE R AL 2 W BT X P AR T R R T
Tt B R =Y NS RS, T ST F U R 2
I Tk B ) W IR L S T F R 7R

AEE R R R g T A Z L g B iE
B F JUE A A S W B X TR W TR Al 3 T AR SR
KA T U B A RO (H ST TR 7E I SR
RMEEER.BR 75 F LRSS G4 a kB T
i SIO, BRGNP 11 PR (Z2 25 A BRI
W 3 7is L B o A 0 45 4 RE AR IO DR I SiO,)
ﬁﬂﬁ%%ﬁﬂa%a;%IL”?E%W:%*}T#%,%L—*/F
B IR i TR e (B T S I Al e e SO
PEAT B 7 1o R IR g i HG b 0 3R A DT AR B
P A A
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