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Figure 1 Schematic mechanism of PASE for achieving atomic surface.
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Figure 2 Schematic mechanism of PASE applied to Si. (a) Three types of atom sites on Si face; (b) /4 curves of different atom sites with the
variation of temperature; (c¢) schematic atomic structure on a rough Si surface (with oxide layer and amorphous layer ignored); (d) schematic atomic
structure of PASE-processed Si surface; (e) the steps of atom-selective etching in PASE.

885



SRR T 17 ST R 13 ) 4 T AR B IR R R

0.62, 0.34F10.11 eV. X 25 B AR %) il oo fek X — 4k
SERNRERE, AR A JE 2 3 28 A A L s R
EyERE (816 &, R G) Rk

k= Ae " *T, 3)

AR TR AL, AR TR HTRT, ENTEALRE, REER
AR, TR A0 . AR A Je 2 A AT 4, e
NI 2 AL R RN L0 R B e . RS TR —
SEMEOUR, $RATN FAZ T, KU nT DLHFAR R
F(3) A A B AH DG 23 (AR A .

bSR3 Fd s A A/ AT IR B AR A 5% FR A0 IE12(b) P
N YR RT R, kAR 22 S B A U P e O, X i
PR BB Y T, AN RS SR S5 ) OB R ) 2
SN, b, BT SR T ROR S R R
[ 5 B IR B2 M2 AT AT . B2(o)~(e)Bm T
PASEH 5 Sk A J 7 RUBESR AR R, X T2 &12(c)
Fros i — SRR R THT &, A 34 8 B ) ek 5
TR AR, KOOI 2 B )5 1,
wJa AN B ERIEET. E2e)RRT —A
BB DX I S E 2P R, XX R R RS TS
SPASEM R G, RIMPrA iR F BEA20 28, Ik
I, TP R B AR AH 18] ) B AS, RTHT R - AE
P [ SIS ab TS A AL, T2 gz i 2.
ER2(d)R, mARBIRTE AR EEMZRET
1) 5635 B fm FeE R 1A

7SI _EIRPASES G RE, FFF K —FEA
05 s R TR B R PR ) S5 DR, T KA
N #EA &5 B F K (atmospheric  pressure inductility
coupled plasma, AP-ICP)ff& LIAZEK. AP-ICPi#d
HL R ACRE RN SR, BT A EROR R
FHLIR, KRR RS (i 75 AP-ICP RS AR I nT ik 20T
FRIRE. M T A EER T8, AP-ICPH A
R ) O 17 5 R % A A= SN D R CE S
Inw & B4 GG T SEELAT R PR B[R AP-
ICP LAET RAEMEE, HigMHR1F3 H R,
K U T3 2 SRR ERAIC, PRIk ] 3 o 3L 25 55 B
TN o AR b R B 2 T N T S N R T S
155

F 70 BT 43 I PASEHE R J5 A 2 & 143 f 7
E3(a) hE BRI n B, &s EA RN R
GL(FERECF,MO,) . FHATHEE ZILEC A EE . %

886

LEE [— HEBR

AR

=z
ﬁé | BB — EEIE
L BER ~
7T
HRE

~1
AR

Bl 3 PASERARMAMEEE. (a) PASEJRALILEE MR
B (b) JRARRE ISR, (o) AR E S A BCR
STHsmE

Figure 3 The prototype PASE setup. (a) Schematic of PASE setup; (b)
photo of the prototype PASE setup; (c) photo of AP-ICP plasma.
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Figure 4 (Color online) Results of static PASE applied to Si processed by lapping. (a) Photos of Si substrates before and after PASE; (b) SEM image
of site A; (¢) SEM image of site B; (d) SEM image of the PASE-processed area with duration of 20 s under the same conditions.
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Figure 5 PASE of Si. (a) AFM image of the original lapped surface; (b) AFM image of the PASE-processed surface; (c) roughness variation during

PASE; (d) MRRs of Si with different orientations.
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Figure 6 TEM images of Si before and after PASE [26]. (a) Original lapped sample; (b) HRTEM image of the lapped surface; (¢) PASE-processed

surface; (d) HRTEM image of the polished surface.
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Figure 7 Photos of a 2 inch Si wafer before and after polishing by
PASE with numerically controlled scanning.
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Figure 8 AFM images of 4H-SiC and single crystal Al,O; before and after PASE.
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Atomic surface manufacturing based on plasma-induced atom-
selective etching

ZHANG Yi, WU Bing, ZHANG LinFeng & DENG Hui

Department of Mechanical and Energy Engineering, Southern University of Science and Technology, Shenzhen 518055, China

Manufacturing is developing from Manufacturing I, based on empirical skills, and Manufacturing II, based on classical theory, to
Manufacturing I1I, based on quantum theory. Although these three manufacturing paradigms appear at different historical stages, they
will coexist, and Manufacturing II will still play a leading role for the foreseeable future. The core area of Manufacturing 111 will be
atomic and close-to-atomic scale manufacturing (ACSM), covering manufacturing accuracy, feature dimensions, and the scale of
material removal, migration, and addition. The manufacturing of atomic surfaces is an important area for the development of ACSM.
This article will introduce a novel atomic surface fabrication technique named plasma-induced atom-selective etching (PASE). The
atoms on the rough surface of a single-crystal material have different bonding states and therefore have different priorities during
plasma etching. These reaction priorities can be modulated by changing the radicals, concentration, and temperature of the plasma.
Hence, PASE could selectively remove the excess atoms on the single-crystal material surface and eventually achieve an atomic
surface. PASE has been successfully applied to many hard and brittle materials, including Si, SiC, and Al,Os. Using CF4-O, based
plasma, a lapped surface with a surface roughness of over 100 nm can be directly polished to an angstrom level (5,<0.5 nm), and the
atomic surface can be achieved.
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