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Subsurface damage of sapphire crystal after lapping
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Abstract: The formation mechanism of subsurface damage of sapphire materials was introduced. In
consideration of the boron carbide abrasives with advantage of smaller subsurface damage., the subsur-
face damage of a sapphire crystal after lapping by boron carbide abrasives with different particle sizes
was studied based on the loose abrasive lapping method. The lapped sapphire wafer was etched by
KOH chemical corrosion processing technology, the subsurface damage morphology of the sapphire
crystal was indirectly reflected by specific etch pitimage and the subsurface damage depths were a-

chieved with gritparticle sizes W20, W10 and W5 by loose boron carbide abrasive lapping. The sub-
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surface damage morphology, surface roughness and etching rate of the sapphire crystal at different
etching time were obtained also. The results show that the subsurface damage density of sapphire
crystal lapped by loose boron carbide abrasive is remarkable, but the damage depth is lower, and it in-
creases with of the abrasive sizes. After lapping by looseboron carbide abrasives with gritparticle sizes
of W20, W10 and W5, the depths of subsurface damage are 7.4, 4.1 and 2. 9 pm., respectively, which
is about 1/2 of the size of abrasive. It indicates that the lapping method with boron carbide abrasives is
beneficial to the reduction of subsurface damage of the sapphire. In addition, the sapphire wafer with
low subsurface damage can be achieved quickly by lapping methods with abrasive particle sizes from
larger to smaller.

Key words: sapphire crystal; subsurface damage; loose boron carbide abrasive; KOH chemical corro-

sion; surface roughness
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Tab.1 Experimental equipment and parameters for

sapphire crystal lapping

B K FERS 25

F % 0~80 r/min,

Ao B4 0~40 r/min, KN
T B B 4% 200 mm
TR HA 65 mm

BAC fo# b W20,W10, W5

QENEYIEZ S 0~400 C

R 7R U T TR AR 40 kHz

ATY224 K 220 g,0.1 mg

AR R4S 0~3 000 r/min
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Fig. 2 Variation of etching rate and depth of sapphire with etching time for lapping with boron carbide in different sizes

0+ —t0
0 10 2030 40 50 60 70 80

0.40- + Etching rate 13 0.45 +— Etching rate . «— Ptohiing rate 5
' +— Etching depth 12 _ +— Etchine depth 4 8 0.45 e

_: 0.354 A — 0.40 “iching dep .'_? =040 ' —+— Etching dcpth,_,r‘
£ 10 "E 035 | E 3¢ -
s = a 98 & pag 98 "Bl 2
3 025 8= 2 P 58 §030 v 38
3 T8 2025 ¢ 48 5 025 . 5
£ 0.201 63 F e S
B o] 4 S s w020 38 =020 L 2 2
R BV -;% £ 015 28 £015 |/ S
B 4 = i | o b o
[45] 0.10 3 L] 5 2—] = 0.104 ¢ ._] I": 0'(_' ..n .. |

0.051 ¢ Tt t-|:' 0.05 Yt . . | 0 0.051 4 —t o



3074 b= W

%25 &

o 5 5 220 ol VRS I ) ok o ) 1 AR Al R

&l 2 ﬂ’ﬁl i 5 220 ok s [0 ) 35800 S [k i
e AL W B B 1 A 5 220 o okt 3 T R B 1) A A R
BEAKA ]« Z) ot AN T R AT L I S5 T R 5 4
ol VR B AN T 485 o 20k R R Y AR AN TR/ e
Je TR, Bt NIUJT LA B B R 3R T
PAER 2 L B0 BB A TN ) 55 I B b 2 JE ok 7]
149 B FH R R A, DT i T Ak JE o o 3, R S
ol 380 A4 et R AR ), STV 9 T 45 407 B AR 2 o 2 o R
FEE. B 2 FE 5T 200k ) ik R
MR, 2ok Rk 11 L 20 ik R Rl 4R R R AR
SE 14 B 200 W] R Ay Z0 ki 3 L 25 A TR 3 RTEL 5, A
Wi W20 JB5RHMIF B I i 5 A 16 220 ol 35 a5 R 1 1
P ) & 78 min, FF I TE 5 W 2 AR 45 K B R
HEOH 792, W10 FI W5 BB X I3 B I 6
RGBS S 4.1 pm K1 2.9 pm, AR, 52
3 & B3 FORL BE I S RHOF S Y A R 28 Ak A ik

7.4 pm,

S o FLRE R AR 20 ok 3 2w A 22 0, W20, W10 I
W5 X 0 4 355 K Z) ok 3 57 3448 43 33 k0. 057,
0. 064 A1 0. 050 pm/min, 525635 FH A9 J2: A —
Fs 3X A 25 50 AT BE A T I R 2 DL R AR B A
EE N
4.2 ZMEBRPTRERGERSEEENT
e
TEAN AR AR T = A B R 1 F L B RE AR 55 1 S
Tl R T8 e 32 BRI L 8O 2 T 465 40 22 S P e
S 1 A0S Y BT T R DT R B T A HE
H, B3 g T 2 W20 BB FILE ith )5 W A 0
TE A . H1 AT A Bl 2 20 ok ] % 385 o, 9F B 2% v
KA JZE B A B KOH Z) b 4wt F 188 5t A A 37 3% i
BB LA R BB A Won ok . BT S A AR
C(0001) T , AHAB O [a] {1 VB FH g %5 55 1 9 g ot
S W L T S B = 0 o S
Z) Pl 2 T T A A% R 3R T 6 B A2 B ad AR L Dot

Ca) BF 5 3% 1
(a)Surface after lapping

(D ZIfk 24 min
(d) Etching time of 24 min

(b)Zfilt 3 min
(b) Etching time of 3 min

(e)Z|fh 35 min

(e) Etching time of 35 min

() Z 1l 8 min

(¢) Etching time of 8 min

A “'?)
h{::)’ i’i ‘_"f;’ 91

(D% 48 min
(D) Etching time of 48 min



o AT S

W A SRR G Y 2R A 3075

() ZI 63 min
(g) Etching time of 63 min

(h) Zlph 78 min
(h) Etching time of 78 min

(D Zl 88 min
(1) Etching time of 88 min

(DZIk 98 min
(j) Etching time of 98 min

(ko Zf 108 min
(k) Etching time of 108 min

(D ZIfk 118 min
() Etching time of 118 min

3 IR ) it R W20 WF B A5 21 A4 15 52 7 0 3% T 45 00 % 45 8]

Fig. 3 Subsurface damage pattern of sapphire etched with boron carbide abrasive W20 for different time
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