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Development of highly-efficient slurryless electrochemical mechanical polishing for silicon carbide wafers
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Slurryless electrochemical mechanical polishing (ECMP), which uses anodic oxidation to modify the surfaces to a soft oxide
layer and fixed soft abrasives to remove the oxide layer, was developed for the highly-efficient, low-cost, and damage-free
polishing of SiC wafers. The anodic oxidation properties and mechanism of 4H-SiC (0001) surface were studied, and the
manufacturing process of sliced SiC wafers using slurryless ECMP was established. The efficiency of ECMP was also further
improved to reduce time and cost in the manufacture of SiC wafers.

In Chapter 1, the background of this study, the current issues in the manufacture of SiC wafers, the performance, properties and
applications of SiC, and the aim of this study were described.

In chapter 2, the exist manufacturing process and polishing techniques of SiC wafers were reviewed to realize the
highly-efficient, low-cost, and damage-free polishing and flattening of SiC wafer. The advantages and disadvantages of these
polishing techniques were summarized. Slurryless ECMP was proposed to solve the problems in these polishing techniques and
simplify the manufacturing process of SiC wafers. Furthermore, the feasibility of applying neutral electrolytes to slurryless ECMP
was examined.

In chapter 3, anodic oxidation of 4H-SiC (0001) surfaces were conducted in neutral electrolytes. The anodic oxidation of
4H-SiC (0001) surface in neutral electrolytes and the softening effect of anodic oxidation were confirmed. Besides, the anodic
oxidation properties and mechanism of 4H-SiC (0001) surface were investigated. On the basis of these results, strategy for
obtaining smooth SiC surfaces using slurryless ECMP was proposed.

In chapter 4, a prototype slurryless ECMP machine was developed to realize the polishing of SiC wafers, the structure and
polishing properties of this slurryless ECMP machine were introduced. Then, slurryless ECMP was applied to 4H-SiC wafers.
The polishing properties of different grinding stones and the performance of two-step ECMP and simultaneous ECMP were
investigated. The application results of slurryless ECMP to the sliced SiC wafers were introduced and analyzed. Besides, the
polishing motions and polishing process of slurryless ECMP were optimized. The novel manufacturing process for 4H-SiC wafers
was established by applying slurryless ECMP.

In chapter 5, slurryless ECMP with hard abrasives was proposed to further improve the MRR of ECMP. The relationship
between MRR and SSD on the SiC surface was investigated, and the SSD induced by different grinding stones were also studied.
Finally, the performance of ECMP with hard abrasives was evaluated by conducting ECMP experiment on a sliced 4H-SiC (0001)
surface.

In this study, slurryless ECMP was proposed, developed and applied to 4H-SiC wafers. The anodic oxidation properties and
mechanism of 4H-SiC (0001) surface and the polishing mechanism of slurryless ECMP were investigated and clarified. When
applying slurryless ECMP to sliced 4H-SiC (0001) surfaces, MRRs of 10 - 23 um/h were obtained, and damage-free surfaces with
Sq surface roughness less than 1 nm was obtained. By optimization of the polishing motion and the ECMP process, surface with
step-terrace structure was obtained, the manufacturing process of 4H-SiC wafers using slurryless ECMP was established. By
applying ECMP with hard fixed abrasives for sliced SiC surface, the polishing time of ECMP decreased from 2 h to 50 min in
obtaining a smooth surface with Sq surface roughness less than 0.5 nm.

In slurryless ECMP, the use of slurry and strong chemicals are abolished, which makes SiC wafers can be polished
environmentally friendly with a low cost. Besides, the application of grinding stones makes the processed SiC surface not only
smooth but also flat, expanding the application of ECMP from final polishing to flattening. On the basis of the results of
slurryless ECMP obtained in this study, simplification of the current manufacturing process of SiC wafer by slurryless ECMP is

confirmed, and the industrial application of slurryless ECMP is strongly expected and will be attempted in future studies.
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HifEdh SIC IZAWAY R¥ v » 7 @WEMRESE @\ ORI E R 72 & OB - BWERE L BERMERRE AT 5720,
SiC # W BT 31 2%, @i, M, SRS E OB S04 I W THEEEO B WEIERATRETH Y |
WHARD RT —F oS 2B E L TRESHIFF SN TV D, L LR D, SiC ILEFEE 2 LB ATE M
THDIZDIZT 2 NBEIDPDDIATA T Ty BT R Z70onTRo 7 v 2B\ T b ERHER
EWRET LU = EEREIED Z L TREETH D, BFE, SIC DR LFHHEEE LTAT Y — TN D
TV ) O IR & RRRL % G T VRiR & V72 CMP (Chemical Mechanical Polishing) 7' v & A3 — I H WV STV
D0, FOMILERERIIRERLS, £, MBORBERMBT LDV ESICL > TRESNVTERLINDLI =y FEY |
DO KT S DEALT D, BEICE DB OMKILBELTAZ T v FRERIND, AT ) —DEAR L OB
FFHEEOMHE T X FPAKENVEORBELSESZEAELTN5,

ARFGE T, SiC Rl & BRI LIZ K > THREM L, B LIZBOAE R L0 K65 7 B E Ak &2 /EH ST
BETDHZETRI T TF T I =2 F A=V 7V —RRHERDFIZEDLIH LR T U — L 2B AR
(ECMP) Fut ZZ|E L TV 5, A TIE 4H-SiC (0001)FR[H ORI L EE & Z DA B = XA DB BLUR
LL7ZAT Y —1LZECMP % 4H-SiC (000)FREIZHEA LR E2 F LD TWD, AFETHE LN ERERIILLTO
B ThD,

(1) MM Z V72 4H-SIC (0001)FK H O Bt b 2 fgid L, Bk L= RBOWEE T/ A 7T T —a AT
HIE U CREtnia b o s 2 % 34l L 7=, 4H-SiC (0001)3 i O phtniel & B LB & OBIfRZ LM L7k, ik
{LEALIC L - T 5 FEOBICIKENTFIET 5 2 L 2R L. ZER OB B R BRESIE O iRk EEIZ K 0 JEARL
i, Bt — SRR OV A REGHICKRE BT L LB’ olz, Fo. BERLIEEEZ AFM
THERBIETHZ L L0, EERBIEIE CMP B L7-RREIZHFEL TOARTFLLOEy habERI L
TEEHELMIIL, SIC FHIZKIT DX A—UPNMERMICEERILIND Z ERNbhoTz, LLAERL, SiC
REDH A=V LFF LDy hERELTHHEARREIIHF LT, LT, BUEERMTHD SiIC O
FUEHL S IR LR OB & & HITHL 720 L ZAED SIC AMEF LR, TRb b, SiC Rl O BRER{LIZ BT,
AL DRI LR E DX A — VNI L0 Kl &, ¥ A — DRk 2Tk L7214 Tk SiC o RN ER L
FEREA XS 5 2 L Z R L7z,

(2) A7V —L X ECMPIEEZBIR L. E22006% MV 72 ECMP BFEEBRIZ X Y. SiC @ ECMP IZBWTixk ) 7
BABRENTHDLZ LE2HE LN L, £z, SIC R OGRS L, AT U —1L X ECMP 123
WL SiC Ok L — N EBEIEDBREL — R DART U RAEZHIHT L ENEETHLZ b, L EER
REEDHIZODOT OB AFMEERET D & & BICFEEREZITV, F 7T A— MA—FOREH S 2457,




3) AZVU—LRAECMP # AT A A0 = NZ#A L, BALEREE & EBER Y — 2 2T 52 T, AT74 A
Ve NKREOY —v— 7 FE2THRELTREOFLEZET L, 1 nm A—FOXREMIZ2H5 L L HI2, 23 p/
h OIEFITE VM BIBRER LR Lo, S OICHEET) Y — v 2Rk d 25 2 & T, SqREMZ 0.397 nm H345
Hil, A7V —L X ECMP IZ X5 b &L ERfb Al L, Fo, HESR T v VBEMEiAHvwCT, A7V —
VA ECMP [ZL Y X A=V 7 ) —FFENERCE -2 & b8 L7z, SiC Otis{b L BB oKL v, H
ECMP &1t EIF ECMP 2Lk DA T o' A& RE L7z, HLECMP (X WV EFLE E £ 721X SiC RiE O ANEREENT
KV EWEMAE AW T SiC £l % mEICHEYT 5, (I B ECMP TiX, SiC RO NMBEEN £ 72 I3 MBREEN
EVIRWEN & AV TH ECMP CH7- K &1t EiF 5, 10 mA/em? O EFH % AV 72 M ECMP % O£ il 7% A7
T AWMU RS . NMEREEMN TH D 3 V OEME WAL B ECMP TEREL, AT v 77 7 AEENE
BINLREIHEON, BRELIEEE T e AOFMMEEFRE LT,
(4) AZU—1L A ECMP IZBWT SiC REDOMERER L LZHO X A —VBOBREZHAE L, SiC BEICEWZ A —
DIEEEN LD BE O EIR ER & MR- 2B E ERRRL 2 IV 2 ECMP 2R LT-, BADBADL A—
J& DA I A IR T < L BHEE TRAM L 72 /55, 8000 FH DX A ¥ NG & V2 ECMP 2 X 7 A A%
HEOWHFEEICEM T % 2 & T, EEOEHEE & B2 63.6 um/h DIEFITEWIIE L — h 257, =L LI EE
kL2 A2 ECMP 25 Te, SiC U= DRI 2 MERIA -7 ) —E T v A2 RE L, A7 rEX
T, ATAAREIZK LT, £, FHO IR LRV A — V2 G E TR CEIRICEREL, BRI
AL E AT A AR S NTRNS A=V arET 5, RIS, B EERRAZ AV ECMP 12XV | #ll
TERTHLALREIZE L TV IRV A —VREERDRIIREL, ¥ ATV —RKEEHD, &EIZ,
ft: E1F ECMP % VT ECMP 128 W TR L7 B BB OM S iy 2 BrE L, FT LV TR Kl &
52, MELLEE T 0 2% 8000 HED X A ¥EL Rk & & VU 7iA % AV 72 ECMP 5 CHRFE L, 50 min O
TR [ Rk & V72 ECMP & & U 7RG & AV 72 ECMP C Sq R ML S 0429 nm &3k L7z, ARRIE, &
U TR DI AW ECMP (BT 2RV ED 2 5Ll ETh Y | ELWET v AOBFRMEE EFE LTz,
PEDX ST, KGRI AT Y —L 2 ECMP 2R L, SiC BH OB LEFIEE A =X LNERHT L E & BT,
MMEICBZ L7 AT U —1L A ECMP & A FAWVWTC, A7 U —1L & ECMP 3 SiC 7 = DI EICB W THEERTH D 2
LERIFFELT, EHIT, SIC V=TT 2 FEHREIEE AR N A=V 7 ) — ST n e A2 RE L, ZOEN
T BEVERE A HRE LT, ABFETIRE L/ AT U —L R ECMP (XD, 2T YU — LAL L OFHAHIR S, SiC
U = NDIR T A RO BREEAM DN S RN FIRRIC 2 Y . S, SIC U = BUET 1 2D LR T 2 MEDSH]
I s,
Lo TARFRIIHE LR E LTES 2 b 0 L3805,
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