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In situ AFM Investigation of Interfacial Morphology of Single Crystal

Silicon Wafer Anode
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Abstract: The interfacial morphology of a single crystal Si wafer anode during the first discharging-charging
cycle was investigated using in situ atomic force microscopy (AFM). The solid-electrolyte interphase (SEI)
began to grow from 1.5 V, developing rapidly between 1.25 and 1.0 V, and slowed down after 0.6 V. The
morphology suggested that the SEI had a layered structure. The outer layer of SEI was soft and easy to be
scraped off during the AFM tip scanning. The underlayer of SEI had granular features. During the lithiation
process, the Si surface became grainy because of the insertion of Li ions. After the first cycle, the Si surface
was completely covered by inhomogeneous SEI. The thickness of the SEI was approximately 10-40 nm.
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(a, ¢) and after (b, d) 20% KOH etching
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Fig.2  First cyclic voltammogram of the single crystal
Si(111) wafer anodes in 1 mol- dm” LiTFSI/PC electrolyte

The scan rate is 0.5 mV-s . The inset shows the onset of
current flow above 0.2 V.

i, 0.35F10.5 VAN AT AR 5 5 AEE 671 A
I T AR
3.3 FmEsR

A FeE P R AR B R0 FR R R 1 SR A TR S
W3R, HFTEEA pm x 1 pm. WE3(a)E
N, EFFEHIEOCY) T, FaRmTFE, Gl
FEW . g AR5 VRS, H AR
FE MRS RS, Ul B RV I LA R T 4R
KA R o3 e IS FEAE R R I TR, X 5163
Rz gt B —8 . 7EAFM EME 7 O %2 31 /b
BEHOKBEAG S, WHAERRRIEKR T —Z
B oy AE AFMAA i B Hh e B AR 1) 4 R SR 3R o
B8 2 it I FE A 4R R PR L0V, R FIIN A
RSk, nE3(c, d)Emn, KWt TIiXEYHR
TEIX AN HLAL X 8] N RS ol Hh AR K o FRATE M
EEANSEER) e =d R R A TR R A AT
BRI E A GAR(n A A F Sk FR), FERE
RS, B BRDIRIREE. 0.8 VIS (E3(e)), EEH
I 3 s 26T a0 /b 0.6 VIRF(BEI3(H) A Bk 4%
FEARSEATE R, RN PG 052 2575 Wi i BORHR
VIR B Fi Sk FR), FF HiX ey th 54
WA ETFEMEN L, %A 8 X%k
P,

RIEAFMEE R, A N1.5-0.6 V2 [AfER
TS5 B AR T W SEUR A K, X L
CVHi£:0.64 VUL EHf# B0 5 OBt 72 .
AFMEZS R B RWIIASERE BA 2R G R AE, R )Z
SEMIFR, BB AR E Y, HAE1.25-



286 Acta Phys. -Chim. Sin. 2016

Vol.32

E3 sBeEERAREERREIIETHRVCAFME G

Fig.3 In situ AFM images of single crystal Si wafer anode during the first discharging process

The potential range is from OCV (open circuit voltage) to 0.6 V. The scan area is 1 pm x 1 pm. Data scale is 16 nm.
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Fig.4 (a—d) In situ AFM images of single crystal Si wafer anode during the first discharging process; (e) cross-section
analysis of the height of the location marked by cyan dashed lines

The potential range is from 0.4 to 0.01 V. The scan area is 1 pm X 1 pm. Data scale is 16 nm.
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Fig.5 (a—c) In situ AFM images of single crystal Si wafer anode during the first charging process;
(d) cross-section analysis of the height of the location marked by red dashed lines

The scan area is 1 pm x 1 pm. Data scale is 16 nm.
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Fig.6 (a) AFM image of the single crystal Si wafer anode
after the SEI being scraped off; (b) cross-section analysis of
the height of the location marked by white dashed line
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