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Velocity and Friction Force Distribution in Rotary CMP Equipment

Hyoungjae Kim?, Haedo Jeong’, Eungsug Lee™, Youngjae Shin™"

ABSTRACT

As the design rules in semiconductor manufacturing process become more and more stringent, the higher degree of
planarization of device surface is required for a following lithography process. Also, it is great challenge for chemical
mechanical polishing to achieve global planarization of 12” wafer or beyond. To meet such requirements, it is essential
to understand the CMP equipment and process itself. In this paper, authors suggest the velocity distribution on the wafer,
direction of friction force and the uniformity of velocity distribution of conventional rotary CMP equipment in an
analytical method for an intuitive understanding of variation of kinematic variables. To this end, a novel dimensionless
variable defined as “kinematic number” is derived. Also, it is shown that the kinematic number could consistently
express the velocity distribution and other kinematic characteristics of rotary CMP equipment.

Key Words : Chemical Mechanical Polishing (CMP; 318 7]A|& <dwv}), Kinematic Analysis (7]7-8F 3)2)),
Velocity distribution (£ X% ¥ 3), Direction of friction force (7F22 ®3F), Uniformity of velocity
(H% #Y ), Kinematic number (X 447)

7|49 r = radius of wafer
p = relative radius (1/ 1 )
®,, = angular velocity of wafer ¢ = angular position of point P at arbitrary time t (o, t)
o, = angular velocity of pad 0 = angular position of point on wafer at time t=0
R = ratio of angular velocity between wafer and pad ¢ = kinematic number, defined as (1-R) r ,/D
(o4 /@yp) NU = % nonuniformity
P = given point on wafer o = standard deviation
v = relative velocity of wafer
D = distance between rotation centers of wafer and pad 1. M&
L = distance from pad center to the given point P on
the wafer 3}8}7] Al A ¢ v} (Chemical Mechanical Polishing;
r = radius of wafer to the given point on wafer CMP) FH-& wt=A tufo] 29 AZFAH glof
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(a) Conventional CMP equipment
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(b) Parameters for kinematic analysis
Fig. 1 Schematic diagram of rotary CMP equipment and
parameters for kinematic analysis
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Fig. 2 Friction coefficient variation with velocity
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Fig. 3 Removed thickness per unit sliding distance
according to relative velocity
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(b) Cross section view of velocity surface

Fig. 4 Velocity distribution on the wafer surface (a) and
its cross section view (b)
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Appendix c. Direction of velocity or friction force
a. Deriving velocity equation The instantaneous center of vector is located on the
arbitrary point of line L that is perpendicular to the
Vurp =¥, =V, direction of velocity vector.
=@, xF-@,xL ‘
=&, xF~&,x(D+F) , v, 1 v
==&, xD~(&,-8,)xF L

=—@ pé xDi —(@ — )12 x r{cos(a)wt)f + sin(a)wt)]'}

Plpcoss, psinb LA > v

=r(@, -,)sin(w, )i - {r(®, -o,)cos(w,1) + ®,D} ] x
)
v, =H @, ~0,)sin(o,1) —— Cl
$ X el
=@ pDL{r—”(l - £o—‘”-)} sin(@ t) wafer center =
r, D @,
=@,Dpgsing the line L is determined as
v, =-r(@,-a,)cos(w ) +@,D
Lot @y . pg sing
=-@ D[—{2(1-—* ) +1 - = -
D, ["w {D ( o, Y} cos(@,£) +1] y— psing oL eosp il (x— pcosg)

=-w,D(pgcosg+1)
r r w As perceived by the equation above, regardless of
p
wherep=—, ¢=*(-R), R=—2, d=wt " .
r, D o, position on the wafer, all of the instantaneous centers of
velocity vector intersect with x-axis at the value “-{
which is the same position of center of velocity surface.
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»

therefore
Vysp =AVE+VE =0,D(p¢)? +2p¢ cosp+1

d. Average velocity and velocity deviation
then, the normalized velocity equation divided by
velocity at the wafer center, 0,D, is

1
Yor =7 ! j v, (0, $)pdpd g

v (0,8) =J(P$)? +20¢ cos+1

or V(5= 1+ +( y)

where p* = x* +y*, x = pcos¢ 145
8

=%'§t£(l+pgcos¢+ pzzgz sin’ @) pdpd ¢

b. Taylor series expansion of velocity equation

a? =$ [ [0 =Vl
¢ :

1) =0 O +vuOs+ 25 s HOT T ppeosd 25 g5 i
=— cos@+ sin® ¢ —2-)
v (0)=1 PN 2 g) Pl
Vw(0) = pcos¢ _ 21¢°
Vw(0)= p’sin’ ¢ 64
P e/t
~v, =1+ pccosgd+ 5 sin’ ¢+ HO.T hOETeT
pZ 2
=1+ pgcosd+ 2€ sin’ ¢
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