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Abstract: To enhance the uniformity of material removal for lithium tantalate (LiTaO,, LT) wafers, a
model based on the three-dimensional micro-cutting of abrasive particles was developed. The model starts
by analyzing the brittle and plastic removal mechanisms of LiTaO, crystals, alongside the distribution of
abrasive particles on the lapping pad. Using a force balance equation, it calculates the penetration depth
and chip cross-section for each abrasive particle. A kinematic analysis subsequently derives the trajectory of
these particles during double-sided lapping, leading to the establishment of the material removal uniformity
model. Simulations were conducted to assess the effects of the speed ratios between the gear ring and the
sun wheel (m) and between the gear ring and the lower plate (n) on material removal uniformity. Following
this, experiments were performed on LiTaO, wafers, measuring the Total Thickness Variation (TTV)
across different speed ratios m and n to validate the model. Results indicate that the uniformity of material

removal is significantly influenced by these speed ratios, achieving optimal uniformity at m=0.85 and n=
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1.3, resulting in a TTV of 0.83 pm. The experimental findings align with the simulation, demonstrating

the model’s potential to guide improvements in the double-sided lapping uniformity of LiTaO, wafers.
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|

nn\4

B TR L i A R T O S ) T R R R IR RN
B3z M 1 T R SR T A A [ R D' T
{5 HOE KOt LT G b B SRR T REAS RL . B R
PR AR 22 T a2 S Ak T F a3k 88 45U 1 1 X
G NS JBE e HOR P i R 2R B . (HUR AR
L i A A RE R MG R K DB SR P AR 2 L TR
NG AR, S T M LR AIE . [5] 45 B R B
B P BLAT B e B 28R AR ) I % T 45 4
DA - 17 2 s 25 I e, AR S — ol 1 T 0
TIN5 %, Wi BR 22 i R 7 B R R A5 G
AN T b T 5 B R T R AF I 2 R
Fr 3R AAORE [F 45 R AIF IR R 45 5 7R L5 R
TR 5 B AL, 775 FE i A A 3 i 28 5 ) s i
— Pl R BR L TR0 ] A R N TR BRI LR
B, AT RUAE ¥ 38 9 0F JE BILAR B HE AT T, A
AR AT oA 5 ) JRAR

I 235 PR A AT R 50 AR S — o ol i [ 4% A A I
LR R R 2 ) B R XA Bl 6 A 2R AT
TRCOTH, M SRR R LR A R R T
SR I T 7 50 W i A v R A A A AR
IR A ff R R B L5 B A a2 B
TR LR . TR R R A A
% 1) PR, B 14 Hh R T R AN RO R D ke, B
B L 14— 4 A R 2% B T RE R [ 2 R T R
AR BRE AR TR AR T 18 G 04 1 R
BF B [T 205 ASHAF 25 o D 3l 0 A X )
PRk 32 2o ol G i e O T 2 A
DAk, AT LGk 2 B2 ) i b 5B

AR 22 2 P ST T 1] 45 B LT B R R L
B, VA KT B BERE 2 B 35 5 1 14 52 e LT
S5 IR ST T AHRL R RETY . A 4 RUAE L T
KLU T B A JE T AR B — AP T MAT -
LAB B HUG T 0 AL LI 29 ) M 5 PR O 2k
I G Lo A B 53 VR 7 2508 T 8 45, 2 8L
PEALHE AL ISR G . Wang &5 & BH i | & 1 114

BT 43 A1 6 i R B 3R T B A G R T R
HEAE T, JF 38 o 2 TEORRS B L K SR BE S Ak
(Total Thickness Variation, TTV) 3 1F f A 3
(LR RS G 75 - Ry = 83 e o RS L = 3
P DL K it #8484kt K, 6 T sk B v g e s A
4k . Zhang %' 3L TG 8 b BB RLAE SiC 4
&R 1Yz B R B T R4 A AR 1A R
5K PR e S b DA ST 5 K B 5 5 5 L Y 1
M3 AR XE S BT Ak . Pan T
TR B S A R M R DR IR 0B L,
8 S TEAT B Y dw O R BE RS ST T —Fh
BENERAL, FRBEE R B S A s
Feszma Bl MR BRI S . SR, LATE A BF
GER 220 B R Sy B i, AN 2ok 3B B 2k 2 Bk
Tl , R 2 JEAN [R) B8 kL ) 552 b = 4E S U1 2 B
B0 TR R 1 B R Y R e FE AN [R] DD
TE 2R R ) U1 i A AR A A 22 S, PR,
afi ]\ 3z By 27 ff1 B T A AR I O fig S i S PR A
BE 2 BR B 4 )RR B, ST /Y s B B iy B A 2
ANGEEZ o

SR T g N T SRR ) R R 2 B 1 5 A
AU, ST A5 R RE K BR AR S L R Y
I H AR TEERL = 4E S D) EI R 2 R ST
BB BRI S PERIRY IR I R LI ik . B G,
AR B E R A A e /B M R BR LA TR AR R )
TR BE R 1) V7D T A T R 5 R T R o e )
A A 7 R AR HESR R DDA A IR B
W 5 51 Az 3l 2 4 i, DA RE 2 B 38 5 1 R AR
(CTD)VE i 5 br o, 8 7 2% i s A = 2 D)
B M L L B 2 AT LAY WF 5T T B LG, o X AE
BEE BRI S PR S B e T T OGS, DA
S B BE AR ARAE g DE A 48 B o6 AL R 25 5 18 g A
RUHEAT BRI

2 EpEMHERELSWMANRE
A

TR R A R R R R



%13 1]

BEFEFE A5 BT R — 4 LA Y A TR L XL T A S X 5 2083

e BT T AN A UD TR T B PR B4 25 BB X LA
L2 ) I8 AT B 5 7 I BE Al b 25 5 DR LA AT A
4 70 A R AR, TF 5 b A R U
T2 A RETH B b P R TS R 67 A A B R
2.1 BERMEERIIE

TO I J B A 4 WA 2 ) 3 2 R % B
S AR M Bl B K RUJEE U BRARZS R A5 L
FM, H U, BT S8 T A R B MR 7E Rl )
JEET B9 1 2 R A RE AT A8 R EGE n T Th
Bk o AL SR RE X B AR — B o e X B
AVIBVE R BRMIA AR 2 bR ad e b, bR B
S 18 I R T LA B 52 UK S L HY L 23 5 W B
TN TS T P J5R A R S8 A M T T R 2
25 P AL U TR BE /N T MG/ 58 T A2 1l B LR I g
PR B[R] RE RE 8 DEAT S0 L B o ME 2 BRod 2
Hh Fh TR B M R 2% R R A A BB R
TE o ] LA B AR O A SR T

S 5] 2 % Bifano 55 16 B e AR} BF IS i T
1 AR P ST TOME /B R A R Y Rk S e
PSR DT RIR N -

E\/ K.\
Dczﬂ(m)(H ) w

AP ERR i KRR B 2, H 3R
4 AL, B0 H B AL I T2 A4 5 9F HL
X AOUL 2 A o AR 2 R A ) i sl A% PR
B B BOR BB AR TTEE

Wit 3 3T A R AR s A H B, X e /2
M 54 7 % B 1y ) B R H 25 . Huang %6
Xt Bifano ) 28 8L 2 SXHEAT THEIE 15 8 T 18 Ik
S O A S B R A /0 i B TR
BEyF K

5]
D.=A
H
. (2)
&
A=8.7|—
E

[ 235 PR AR APF PR o T v 2 T UL I B 1) A
R LR o AR WA R IE A T A
R P TR T B B AR B KR A D, 2 HE A
A, M 2R T A TR /N T AR
G D BB EAT B £ Bk, 1 1(a) BT R | Ay
N BERL YT ATRIE , Fy 0 VL T 32 05 1) 38 A o AR A

(a) ZBIEERR

(a) Ductile removal model

(b) Btk bR

(b) Brittle removal model

1 AR T B AR BR
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Tab.1 Specific parameters of MoriNaga ED9B-10L-3M
double-sided lapping machine

Parameter Value

Speed of lower plate @,/ (rmin ') 0~45

Speed of sun wheel @,/ (rsmin ") 0~20

Speed of gear ring w,/(rsmin"") 0~16
Number of teeth of sun wheel Z, 98
Number of teeth of planetary wheel Z, 108
Number of teeth of gear ring Z, 314

FHAE T LA SR F o5 R 0F 0 03 40 A1 35 5)
PEBY T3 3 AR SCR FH B 452 30 52 B 1 0 14 22 8 R %)
MU G AT 28 S PR AT O L, R T S 5E S Y A R 25
B 257 50 PR ASE TR DT S BB 35 50 () M RE 25 B o

T A& R FR K 9B XU BIF EE AL, RS
ED9B-10L-3M, AR S 5in 3 1 Fron . XL AfF
ZERBEEWE 6 FrR . bR R X,0,Y, 15 S
VEERF IR 45 bt AR HR 2R X0, Y, 10 J5 S B0 7E i A
Tt M E 1T RS ).

R A8 05 56 W6 & 1T LAAS 24T 2 40 A 5 o, AT

Ay
Sun wheel Y,
@,
S Workpiece
Lower plate 120N
0,
w‘& ON X(X)
\ g
Gear ring
Planetary wheel
S

6 BURTT IS iz 3l s 2R
Fig. 6 Schematic diagram of double-sided lapping move-

ment



2086 err K TR 532 %
w, 5 KBHFE G w, B E o, Z B R R, R Lapping path G
NN /

Z]CU] + Z3Cl)3
Wy —
2tz (22)
Zyws — 21w,
Wo— —— -
Z3 - Zl
R i A b A% 48 0T LA B S R | — 5 P AE
im b L Ty
Xy =R, cos((w, — w, — w, )t+ 0)— Lcos(w,t)—e
}/p:lep Sll’l((a)p* wy — CUQ)IL+ 6)+ L Sin(wht)’

(23)

AR FRWHER E— S PR ORI, 0, %
IRBIF S B R L AF T ORIREE ST R R,
FEAE e Fon fb i O e B AT B A O B BRE ES .
FIEFM LA, AT R T CE P
] B 25 i 3 A7 AL 5 A W EE 8 % Dm0 BE e Oy 55
mm. BT w,, w0, I U o, 0, R~ 5T VLT L
H5R,.t, 0,05, 0,4 NITEREAIR, & L
B m=w,/w,,n=w,/w, , B IE Sahab &1y
WEFE K B, 75 K PR %6 T 1R T 4 P e i i 8 X
AT 8 A5 SR R A, PR O o RO/ T 1, 3X S5 MUK I
1Y) e K e RRRLARE 5 () I 25 B T8 DL SRR e
P, BRI 48 5 3 — R T IR PR 8 2 il ROt m 1199 B
HERT 1.
3.2 BAARMEMBEBRESITHE

DA B B0 300 47 K 22 41 B R 7 S BT A, T
SEBR b A5 B AL U EIDE 285 U0 BE IR AR TR
2 X S R ZR A L I SCBR A . H B
AL TETE 8 e W AE T S8 BE R R AN AE
PRI, A [] e v 1) s o B AR B2 5 1 g T
FRURTR] 33 BB 04 B 7 AS [R] T LAAE B AR 3T A
19 2 XY AN B 09 - T AR B T2 %A 3G
— A~ Z e B R B R I R e

g TR ST dh R AN R A A AR 2 BR
g T Dl i I N 1 s o R = N
R4 B MR BR A o W 7 R R A R B O,
EHbS R WE 7R, 3 1 mm X 1 mm /N7
i N ST s o P N < 5 s 7 B - O N
INTT ARG IR RE ZSBR B, T I SR A N O A
1 IE 77 JE | 3 S B 40 25 2l Sk 4R iy iR 2, [ I AE
TR B IR & & 5

B 5 55 A 0 R ) V) i AT AR R S, TE B i A
JINTE R R I B R L, (a) , DU B ok A I /N

Workpiece

K7 & s s e

Fig.7 Schematic diagram of wafer discretization

& N AR SBR AR VAT LR R
V.=S,L,(i). (24)
T B RLAE N W] /N T A% N L
BE 5 FH 0 A B35 vk 2 B BF I 50 AT R,
VI BOR LR AR P A B 7% A 72 n 18] 7 B
R o LAXLG0) RN RS RLAE SR (AN DT A% N Y
YIH v, X, 3R RUE T L) B
X, (i)oc L, (7). (25)
MYTAGREE C s, m LA E a2 (4) A (7)
THEA 5 B R 1 U0 S T AR B S R AR SN T
W& PN Y B RE 25 B A B VB A Sk L) I T R
TR R 2o
R = (25) % 3 (24) #4755 4k, i ] LA
JHMATLAB 4b #b BL 2 B &, 3 28 52 11 54>/
T3 4 U0 OB T 3k D) 4 3R 708 32 DX 1 B
BEEBRAARR . b ik, DN FROREBE R E W
S/ RS N BB R J5BR i Z ] LLROR O

N N
Z=> 2= > ,S:X, (i). (26)
h=1 h=1

3.3 HELEXMBERSSENI N

AR 3 DA AT X B A 20 30 9 F 50 3, A el 7 e
T 8 3 LG AN A2 B PR L3083 A AH [R] TR Ot A
AFF 5 30 2 ol AR e LG e, R 5 X B RE 2 BR Y
STPE R SZ i, DTG Ak B 3, 52 30 B 34 A0 Y A R
EBR

TE PR B 25 BRA AU oy | 358 IO/ i P R AT
AU 1 55 L 2 A TR B 1 T 3 IS B O Y B
AL H AT RIS A IS RY , 3 BLIE B 10 000 5
FLAT I S ST Y T B AR 3R T S R B R A3 A R AE
) B A AT RSO, 15 A N A B8 £ B[R] [A] B
A1 ms.

g T AR R B A A A B E O R 2



4513 10 P BETE | 45« T I L — 2 L3017 B 7R L UL T T 3% 50 1k 2087

FRIgSPERECTD N .

) 1 13 2
CTD =~ EZ(Z.—u) , (27)

Hop s w 2R 48BN 7 b N B RE S BR R E(EL S
TR0/ ks B H o R L, CTD /)
Feon X 43 0 /N AR PN 1 D) I O RIORE $2 30 , BI A
FT AR L PR A .

7 L3k B b, S LY DR B R Y A B
ARl AS [R] i b kL 25 B % 2 i 4 45 38 1 U i
1 AR 3, I B AR R AE & AS TR/ A N 1
VI UEL , f5c Ja TH 53 i A3 B85 R A6 A [R) /N T A% PN 1Y
IR B A, AR Sy R AN & 8 i, HiAl
SRR 2 iR .

Lapping pad characteristics parameters:
Particle size:D)

Sharpness half angle:y
Content of abrasive:C

Size of abrasive block:r,s,H
Material property parameters:
Scratch hardness:H,

Elastic modulus: £

Fracture toughness:K,
Density:p

Processing parameters:

Tool load:P

Speed of sun wheel:®,

Speed ratio:m,n

Initialization

b I |

i=itl | Penetration depth of single
abrasive particle:/

Critical depth of the ductile-brittle
transition:Eq.(2)

lDuctile model | Brittle model
Removal of each part of
the workpiece
Y
The last particle

Total lapping times Z; on
different parts of the workpiece

| Removal uniformity:CTD }-—t Definition of CTD:Eq.(27) ]

K8 CTDI i
Fig.8 CTD calculation process

Lapping path:Eq.(23)
Lapping times:X(7)

Tab.2 Experimental parameters

Parameter Value Parameter Value
o0 3.5g/cm’ s 5.3 mm
D 4 pm C 0.5g/cm’
¢ 45° H, 11. 2 GPa
r 1.9 mm E 222.4 GPa
H 1.5mm S, 81 cm®

R 45 R S ST AR 2 AR B i
A LIS 8] CTD B m, n 97224k, {5 FLE5 B 403k 3
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CTD=0.1300,
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Tab.3 CTD atdifferent m and n

m n CTD m n CTD
0.6 1.0 0.1433 0.8 1.9  0.1547
0.6 1.3 0.1599 0.8 2.2 0.1557
0.6 1.6 0.1717 0.9 1.0 0.2009
0.6 1.9  0.1534 0.9 1.3 0.1354
0.6 2.2 0.1563 0.9 1.6 0.1472
0.7 1.0 0.1418 0.9 1.9  0.1546
0.7 1.3 0.1429 0.9 2.2 0.1546
0.7 1.6 0.1529 1.0 1.0 0.2146
0.7 1.9  0.1557 1.0 1.3 0.1828
0.7 2.2 0.1521 1.0 1.6 0.1408
0.8 1.0 0.1577 1.0 1.9  0.1329
0.8 1.3 0.1322 1.0 2.2 0.1399
0.8 1.6 0.1404
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