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Precision slicing of single-crystal SiC using extremely fine fixed-abrasive diamond wire
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Abstract

Single-crystal SiC is an important material for high-power semiconductors, optoelectronic applications because of its good
material properties. Compared with silicon, SiC is harder and more difficult to slice, although high precision slicing process is
required for a thinner slicing width. A SiC ingot is conventionally sliced using a fixed-abrasive diamond wire, where the core
wire diameter is wide approximately 160 pm and diamond grain size is 20 pm. In this study, precision slicing tests were
performed for single-crystal SiC by using an extremely fine diamond wire which was a half width of the conventional one.
The used diamond wire had two types of core wire diameter, 60 um and 80 um, and the grain size was 5-10 um and 6-12 um,
respectively. The diamond wire was driven in a single direction at a high speed of 1750 m/min. The slicing width, chipping
width, workpiece surface roughness, slicing force and diamond protrusion after slicing were investigated experimentally, and
a diamond blade which was usually used for slicing SiC was adopted for comparison. During slicing, the Ni plating that
covered the diamond grains on the wire was patrtially removed which maintained the sharp protrusion of the diamond grain.
The results showed that by using the proposed extremely fine diamond wire, the chipping width was significantly lowered
and the normal slicing force was stable and low. Furthermore, the present study provides high-precision continuous slicing
without interval dressing of the diamond wire.
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L, YIWiE, 9> 0 70E, Uit ORERS, SO D A YERE, YIWHRELZ EBRIICHEE L7z, 72, SiC
7 = NOYIWHZHER D D STV A RIS ORI 2 V2 Ni EEE7 L — R CoOYIWIIN T2 YWk E 1750
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Fig. 1 Schematic of experimental setup for diamond wire saw slicing.
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VY, BRI E A FE L RUA YHIBIT S LD RS & A% SD1200 SD15000 2 fHhE & L, IF 3
BT VL—FREHEZ57 70U nbOEH UEIT 25 mmERELE. UIMHENCH KL v o o 72470,
ZO%iER L CB UM L. 7 —TF» MITAKEFEHA L. ZRBU—7 %0 EEIX A YES RUAY
BIWrSEBR C O GIWIRERE] & [A TR CINT.C& 5 X 5 12/, #HIF X 4H-SIC Y = ~Z—EDO IR (IF 20 mm
XJE7 0.35 mm<EE 30 mm I 1A Y 75 (1010) 7>5[1010]6514 % & I B MK ol L, DIk
FAICHE L7z, [ 2 107 DR EZ RS, 44 YEY RUA Y L ST L— RIC L AU 5113 [1010]8 5 )
ThbH. Fio, FHMIZSIHE B Clg Nty L, N—=ZAMIZIIN TGO FEBO D72 ke LT
FAXYEY RUA VUM CIIL Y B —2%, BT L— FUINSERIF Gl S SRS 570, Ly e
— A ERIFEEDENT —R o _R—RAZFEH L.

Table 1 Experimental condition for fixed abrasive diamond wire

Wire Core wire diameteipm] 060, ¢80
specification| Grain size im] 5-10, 6-12
Wire speed [m/min] 1750

Wire tension [N] 7.84 (Core wire diameterp60 um)
11.76 (Core wire diametep80 um)
2.4Q 16.36

75 (Feed rate : 2.40 mm/min)

11 (Feed rate : 16.36 mm/min)

Cutting depth [mm] 3

Feed rate [mm/min]

Slicing time [sec]

Table 2 Experimental condition for diamond blade

Blade Diameter [mm] ¢109.20
specification Thickness jim ] 65
Grain size SD120Q SD1500
Concentration 120
Initial dressing Dress type WA
Grain size #2000
Dressing length [mm] 70
Dressing number [times] 10
Cutting speed [m/min] 1750
Feed rate [mm/min] 60
Cutting depth [mm] 1
Cutting speed [m/min] 1750
Feed rate [mm/min] 26.40 180
Cutting time [sec] 75 (Feed rate : 26.40 mm/min)
11 (Feed rate : 180 mm/min)
Cutting depth [mm] 04
Cutting length [mm] 33
Cutting direction Down cut
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[1010] axis Tool running direction 5! Plane

N [1010] axis
/ A/Workpiece
\ Y

N g
Primary orientation flat plane (10)L Primary orientation flat plane (iO).
(a) 4H-SiC wafer (b) Workpiece used in experiment

Fig. 2 Schematic of workpiece shape and crystal orientation.
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Upper chipping width
pp pping sic
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Chipping Widthr

Tool running direction

Cutting width Lower chipping width
(a) Schematic of slicing width and chipping width. (b) Image of a sliced groove showing chipping width.
Fig. 3 Definition of slicing width and chipping width.
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Fig. 4 Slicing width of sliced SiC by diamond wire at Fig. 5 Slicing width of sliced SiC by diamond blade at
different core wire diameter (grain size 6-12um). different feed rate (grain size SD1200).
Diamond wire Diamond blade
(p60um, grain size 5-10pum) (grain size SD1500)

Upper
side

Lower
side

Fig. 6 Images of upper and lower chipping at each slicing method.
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(a) Chipping width at upper side (b) Chipping width at lower side
Fig. 7 Change of chipping width with grain size and number of sliced lines by a diamond wire
(core wire diametap60um, feed rate 2.40mm/min).
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(a) Chipping width at upper side (b) Chipping width at lower side

Fig. 8 Change of chipping width with grain size and number of sliced lines by a diamond blade (feed rate 26.40mm/min).
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25, MTHEFINRE 720, MEliEE— RIcED, Fo LV TEPRELS Lotz B2 55 (Patten et al.,
2005 Goel et al., 2013
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IZE->TW% (Gogotsi, 2013 Morrell and Gant, 2001 11 secdJHil TERFDO4 2 O T CHEH S 2 UIErE 1%
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L&z 5% (Tanaka and Shimada, 2013

Upper surface

Lower surface

(a) Wire slicing

Lower sUrface™ SHm

(b) Blade slicing
Fig. 9 SEM micrographs of workpiece cross section at 5 line slices.
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> >
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8 & 002f
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Fig. 10 Result of surface roughness with various diamond Fig. 11 Result of surface roughness with various diamond
wire conditions at 5 line slices. blade conditions at 5 line slices.

B4 12 [ZAUIWTIN LA 5 [BI5E5t% O#HEIT O L —VFEAMERIC L D RIER RO —fZ 3. KTOF VLI SiC
INTHE OIS IEARZR L TOD. U <AFHRIIEEEIN T HECREDMNEICLE DTFELTE. £, K@D
EOEAITYIWE DS S OB THD 9D 2R L TWDS, A YEY RUA YUIBIN T IV A Y ETH
Y —~— DM SN, 2RV NELNS. —JF, 7TL—REMINLTIEo>R 0234072, EE2E»NEH
NTND 2 ERHERS Nz, 2T, #A YT RUA YOI T ClaIgEIshc TEZ2#A T O34 28I
TAXIZTZbBRBNEL DD TH Y, BRIRE T — 7 60 3R EOMTLMERIRT 5 2 & CTlbaMiii] &
WERREMEHND EE 2 HD (Ishikawa et al., 2014 Yan et al., 2009,

Micro dent . Micro dent

(a) Diamond wire slicingg60um 5-10um) (b) Diamond blade slicing (SD1500)

Fig. 12 Laser microscope images of SiC surface sliced at 5 line slices by a diamond wire and a diamond blade.
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RORRRIOZEH U SHIERE R A7, 2 LE SIdR/MER L um LN CTH Y, IRRIOEEFREN K E <, #EHIk
DSRRL 2 ARFFT 2R Rl 2R CH 5 Z &N nn-oT-.
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Fig. 13 Protrusion of abrasive grain on the diamond Fig. 14 Protrusion of abrasive grain on the diamond blade
wire sliced at 5 line slices. sliced at 5 line slices.
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B 15 IZHI LA D U A v &K SEMBIERE R O—Fil 273, PRLIER e, CIRMECRRRI < B8 L 7= & A
Y'Y FR (LU, AMERRRI E5ET) BN—icBigishd. 7—27 %0 EEENHE< 722 LKL LD Ni -
T LESOEWEICHION, EHIZR->TWA. UL, KEDIEZA YT FRFOREN 72 < Ni H-
TN TWAIMEHDZ A ¥E L FRF20 5O T =, X 16 (A ZMERRRRIE O SRRk 5 bk &
R AREBRCIIZEH LA S L OEMERRRRIEORE R0 D, ITIZF 5 LI BRRIEA 2RO 10 WRETH 5
e, TEFEMPRESRDZEDBHIFTE L. £, AMEHBRE DW=, IRARMRARE 2D, &
LS H 70 70 EONM TEFEEICEEL KIF LB X B 5 (Moller et al., 2004.

(a) @80um 6-12um 16.36mm/min (b) Close-up of A
Fig. 15 SEM micrographs of diamond grains on the used wirt

0.25
o  @60um 5-10pum
0.20 | @60um 6-12pm .

7
015 | m}(pBOpm 6-12pum 1

010 f 8
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Ratio of grain of active diamond

2.40 240 240 16.36
Feed rate [mm/min]

Fig. 16 Ratio for state of active diamond grains at various feed rate and wire specification.
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Fig. 17 SEM micrographs of diamond grains on the used blade (SD1200, 180 mm
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Fig. 21 Changes of the normal force and line number at different work feed rate of a diamond blade.
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Table 3 Calculated force at one abrasive grain on the used diamond wire

o o S Force at one abrasive grain
Core wire diameter| Grain size | Slicing time Feed rate (MN]
m m sec mm/min
(] (] [sec] [ ] 1™ sliced 8 sliced
60 5-10 75 2.40 47.9 37.2
6-12 75 2.40 41.9 314
75 2.40 44.4 35.1
80 6-12
11 16.36 63.3 36.6

X 22127 4 YR X 100mmTO Y A ¥ ORE L HOORRE R, MLRSIRED T A Y ET I AR S 47z
DGRBS 60um O OMEITR 1.5mmTH 0, R 80um O OEITH 1.3mmTH 5. AR 80um D OVE:
DINE NI, BRRIREIRE AR 60um & bhl U TRV RRE T H 0, ()DL B0 iRk L@ & 7= Y oY)
IARRENDT 5. TAYHINTARIZEY 720 A THOSCTUVIREE CIIRRRIIREAN A3 Y, BRRL L E 5 7- 0
DOUNAREEI DK E L 720, CIEREORRRLIZ 92 1038892, [F UIN LR O U A YU ¢hg: L 728554,
TEEREE 60um DL AT HEIMERRRRIE N < 7257, RRRIRIREAS< 220, KL 1L {EH 72V OYBASRE S 1308
DL, BRI 23T 5 LB HD.
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Fig. 22 Relationship between stroke and tensile load of the different core wire diameter.
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Fig. 23 Schematic of diamond wire slicing with a bending wire.
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Fig. 24 Schematic of diamond wire slicing modes at different depth.
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