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Development of Silicon Thick Film Formation Technology Using
Atmospheric-Pressure Very High-Frequency Plasma for High Capacity Lithium-ion
Batteries Anodes (&AM NE KKIET 7 XA~ 2 HWTe@mBEY F U LA 4 IRE
MARRD - D> U 2 JE R AL o B %)

Title

Lithium-ion batteries (LIBs) are the most prominent rechargeable battery technology due to their long cycle life,
cost-effectiveness, and relatively low environmental impact. In recent years, several studies have been conducted
to improve the capacity of LIBs to answer the ever-increasing energy demand. The application of silicon (Si) as
the anode material for LIBs offers significant superiorities such as much higher specific and volumetric capacity
values than conventional graphite, making it a strong candidate for meeting future large-scale energy storage
demands. However, Si anodes face critical challenges, primarily their substantial volume expansion during
cycling and poor structural stability, which compromise long-term performance. While various modification
strategies have been proposed to address these issues, including nano-structuring, binder integration, and

elemental doping, many suffer from complex fabrication processes and limited scalability.

To overcome these limitations, this study focuses on developing a Si film formation technology through
plasma-enhanced chemical vapor deposition (PECVD) as a practical and industry-compatible approach toward
the application to LIBs anode. Specifically, atmospheric-pressure (AP) PECVD driven by very-high-frequency
(VHPF) electric fields is employed, offering high deposition rates suitable for dense active materials and enabling
low-temperature processing due to the high-collision nature of AP plasmas. These conditions also promote the

formation of Si films with unique microstructural properties beneficial for anode applications.

This study investigates the formation of highly defective heterostructured Si films from monosilane (SiH4) gas
and carbon-containing Si films from an organosilicon precursor as a safer gas source alternative. Subsequently,
the characteristic of gas-phase interaction and surface reaction of Si nanoparticles in AP plasma is observed to
develop a columnar heterostructured Si films consisting of a thick, defective microcrystalline Si (zzc-Si) layer with
abundant void densities on a thinner, uniform amorphous Si (a-Si) layer. By the end of this study, the
microstructure and electrochemical properties of heterostructured Si films as LIB anodes is evaluated. The
findings of this study demonstrate the potential of AP-VHF PECVD as a scalable and effective method for
fabricating high-capacity Si anodes.
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ARFm3CiL, WA (Very High Frequency: VHF) R RRET 7 X~x2 AW cmARY FU LA 40 ZKEM
lithium—ion battery: LIB) AMBDI=HD U a (Si) EFBTERZM OIS 2R EE L O HOT,
6 ETHERL SN D.

1 ETIE, £TLIBEROYRLEEMICOWTIHER, LIB OMESLEEFREZHA LTS, 2L T, HiT0s
Z 774 MAMICT 5 ST AMOBMME, B IUORECHREE L0 TS, BATO LIB AL, 7777 A ME
WH S EBA A X —DREED 2 R Yy MBS R TH D, L, 777 74 hOHEGRARITHN 370
mAh/g RO TN DT, WE 10 FLL R, KERE, ST VX —8EE, Yo 7 VRSB 72 fEx 0
R EHZ BT 2 2B OB HRE SN TE . TNOOP TSI, FHMAERNPIEFICRKE < (4200 mAh/g), HEAY
RVMEBN B2 AT 5720, REREAEZED TS, L, SilZ7/MTLifbd 5L LisSis iR & -
T 300%LL b DIRFEIAENE U D728, FITEICEE S MEOLLLEBEN D OREENA T, YA 7 LB E HidE
RNEWIEMRIRER S D Z L AR L TWA. KIS, IO Si AMBIRICET 2B M A e L, SRR
RTWD. GEEO Si AWORIIEIE, WEROZEEEMT 572012 Si S/ RFEHAVWELORERTHL. Ln
L, VL0 EBIHHIONA X —BARF R RY y MIAME 25720 SI GAFEMET L, KEAENHRIN
L. F, ERT o ABEMHICRS I EEAERLTVWS. ZNHOEREDTF, Fa LRy y MUOER S A
FRNEECHDL I AR, RKUEVIF 72 X< 3 S EBEOERIZIERICHATH L Z L a5 L L big, K
O EE L DTND.

H2ETE, £ S RBEICHOONTE R RFRIZICE 2 - RINARRITE Y7 X<, BLXOznzAnwk7o X< &
b5 ARk E (Plasma-Enhanced Chemical Vapor Deposition: PECVD) JEIZOUWT, JRPFRLPEHE, 77 X~FB L
FEWER TOIET R EARZDOWNWTIRRTNS. KIZ, ZL e T 5T, ARIFSETHW - VHF il iz X2 R&ET
TORE ¥ =727 7 A< EFITOWT, FERAMIE SR L TV aD . RRET T, F AR OB i LR
HTHENWD, RICHENRLERA N —<HEIZR LTV, LaL, BB EREX Y v 7% 1 m LTI/
S T2DLLBIT, 150 MHz D VHF EEHZANWTZORF v v VRICEFE2ME T2 LIk Y, RRETIZBNTY
BIET EFREOLE - 2/ o — B ERARETHD Z L 2EBXTNDE. KEIZ, AFETHWE 2 HORKE
PECVD EE DK Z £ LD TWD. 2B, RFFRICBW L, 77 A~OLEMEEHE LTV EWSBENS, 75
AT DN—AT AL LTV T LAEHNTND.

BIWETIE, FEHALLTT T AF LT (Tetramethylsilane: T™MS) ZHWe i —R U E&H Si ORI
EITOTMEREZZLDTVD. 2T, ZEMEOBEWAER S B TH 5 TMS 2 HWW 7208 b HEZe CEthiess Si i
ERRTHIEEHME LTEMLTEXEMETHS. LL, ITHRICEY, I—Rr 2 —EEREATEI—R
EAH Si A LIB OAMMEL L L THEIICHEE LD Z LR o TNB I EMND, RifEo—8E L TRV MEATER
LDOTHD. TTRAVIRAT LR NF — (FIGHT ADHEMEGH =) ORAES) IZEHL, IMSE/~—0D%
D Si-CHEGDOFHATFLT L EOBARAICE > TS 250 L7= LT, KRJEVHF 7T X< 725 TEOKGTENE
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EIEDEE, KEFROEE I —R o OREEZE LAEETE 20 TRV, L DOEZEDO T CHEE Efi Lz, Ok
B, MMSE/v—DHLDSi-CHREADEAETANXF—LL LD VF—FAICLY, KO —KR o EHEENMET L
WO LBEMPHERINTZ I LEZRLTWD. 722 L, BERTIE, Z2ROKFRACE > TEBP O Si#R2ME<, LIB
DA ELE LTOFMNI L RETH D720, SHOILRIBHAVBMUETH S Z 2B TND.

FATETIE, £/ V7 (SiHy) #FEIT A L LTHY, KL PECVD I X 5 Si JEMRORR: (B bR Siow
TIAZHERE LTHEM) ICET AR REZE LD TS, Si D Li fLICHED 300%2L 1 b DR D 88 % i fnt
2720, FATHRICB W TSI OF ) Fa—T0F ) VA v —b ol 2 iEE AV, 6 2 5EAIR A1 v
=L bl Lz a Ry y MUABR— RN TH L. L, Si Bk GkarRyy M) oA THH-TH,
BEBEORA REFT 2RO Si THIUR, Li'A A2 BRA R iE U CTRNEISESOIZRA LTV R, Fok
B RBEE LRI LT WEBZ HND. ZOXIREBLEOTF, HML TRANEL ST, KKEVHF 77 X~
FCOSIGHIE (BAES), KFE - S AARE, N—FATAFRRE) ORIZLY, ERICEEEORA R (it
) AT DINEBEOMAM Si (1eSi) EBEERMAGETHD 2 LE2RL TS, FRHD, Z0 X9 {REE)N-D
FER OIEREIE RN T, KRE VHF I A CERT LT/ X—=T 4 I VPR EEREHEZRIZL WL I &%
EELTWS. AR, BETT X< & HWW 7 — %8972 PECVD £ T, BIEEE BV B2, +o72RERROMRIC
VEREESS5 pm Pl Lo ST EBEIERZE DL OREEE (PE OB L ENEROHEE) THD I ERRLHM
BNTNDZ &b, Z I THLIZERIIARNIEZ L TIXOMAIMZRERRTH L LV 5.

HHETH, FA4TET/RLUE pe-Si BN LIB OAME U TERICHEE LD E I Iz on T, EMINRRGEE
TolfEREFELOTND., FTRAT~OEANENVEOVTBRKE VHF 77 A~ TFH =T ¢ 7 VR ERK LR
TV, LOBZOTF, KA 2 EOEESLME (108X 090 Wend) Z22IRL, TNENOSEM T LKL Si &
JEIZOWT, BEREEDTE & & HiT, ERICRIE L LIB ~N— 7 2 L OB - Z5841T>TW\5. £7°, LIB/—
TR ORIEIZIE Cu R EER) ZHVILERH D Z LD, BERIRA Si A E Cu il (BEX 100 um) &
THRBEREISE DR H D008 ) D AR LZ. TORE, CulERE AW BBENEL /25 (RS NEL 72 5)
LEBHIT, poSiEORMEENEL DI EPALMNTRoT-. Zhux, HEMED Cu RO, 2 RE O
RIZE S TRKE VHF 7'F A~ OEFHBENEEY, FRELTH/ N=FT 4 7 VERMEBES N 2D THD L
BHELTWD, KIZ, 70 Wen ODESZMT Cu Bk LICIER L7z Si 2 A FWT LIB ~— 7 L &2 31 LR,
MFREEIC L - T 3775 mAh/g &\ 95 Si Afiie & TIXOIEFITE VIR EREN S LN, 72720, HERRIL 2639
mAh/g IZ & EF Y, 77—l @RT69. % Tho7o. N—TBMAKZO SEMBIE LY, 1 A4 7 LVHOZ DKW —
B VT, REE (SED) ORI Li ARSI L, BIXOTx DEEED uc-Si BOMENKE SEL
FIFERDORA RBHERE Lo TND Z EITERL TS EBREL TS, 2L, kol TkY, ikE
ZPE D RFEIZ IR © K B5%IT I E - TWD Z & AR S 4L, AHFFE TR L7 AR B D u c-Si B % i LIB D Si A
WRBAFE T CIER A CTh DRt A~ Lic., 2B, FEETRIELZA 7 vge 3 A 7 VB ETHIELE
LA 2HATVABLR3I A7 NVEDO Y — 0 UIIRITENEI 97 6% LN97.3%TH Y, Si T/ HExE HViz
FATHIIE L BED R VEIRNHER SN, ZOMBEEZT, Si KBEROEZ 90 Wen (ZHED TER L7z, kiREE
DORA FBEEN LD E<BEN L 0 JEW Si AfEd AV LIB N—7 B LORMEEZITME LI 25, 1 A Z7VEICE
D7 —m RN 89. 3~ L KIBICEED Z ENHERINDZ & E R LT,

e ETIE, AMETHONKEEZE LD, BUROBEESBHOBLEEZRS, KX Efin< < oTna.

PLED X 51T, AEws0X VHF i RRE Y 7 X~ RO RIGHIIC X > TR LIe@mHBEEOR A FEHTHHRO Si
JEREAS, Li AW Li AL (R (L ZMZ, BFE) T UL A ZREMOAHRE L THETH D Z L2 1RE
L, ERIOICIEIELTWD. IHOMRIE, EROBET 7 XA~v0— R KRRUET 7 A~IE GEERNY THE
) CITERNEE R BB LR E W2, BOETNERSRO LN, Lo TARMIIM LR E LClifEd s b o
LR D.




