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Contact Detection Algorithm of the Z-axis of a Wire Bonder

Jung-Han Kim"

ABSTRACT

A new design of contact detection algorithm is proposed for the z-axis of a wire bonder that interconnects between

pads and leads in semiconductor manufacturing processes. Fast and stable contact detection of the z-axis is extremely

important for maintaining proper quality in the fine pitch gold wire bonding process, which has a small pad size of
below 70um. The new method is based on a statistical approach and designed for the discrete Kalman filter. Real wire
bonding experimental results are presented to demonstrate the advantages of the proposed algorithm.
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X, = System state vector
Z, = Measurement value
b, =Input matrix
h ¢~ Observation matrix
F, = State transition matrix

P, = Error covariance matrix

Q= Covariance of process noise

R, = Covariance of measurement noise
v, = Measurement noise

v, = Innovation process

q, = Chi-square test parameter

Q, (k) = Contact test function
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Fig. 1 Pad side of gold wire bonding
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2. Gold wire bonding process
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Fig. 2 Gold wire bonding sequence;
(a) capillary descends with gold ball,
(b) contact and make first bonding,
(¢) make kink and proceed to loop top,
(d) arcuate motion and second bonding,
(e) proceed to tail length position,
(f) close clamp and make tail.
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Fig. 4 Front view of the head of the wire bonder
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Fig. 5 Z velocity and acceleration when the capillary
contacts a pad
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Fig. 6 Error covariance propagation of Kalman filter
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Confidential level or, Probability of False
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k| k=1 | k=2 | pPM (Part Per Million)

3% 3% 2% 18 ppm

3% 2% 1% 6 ppm

2% 2% 2% 8 ppm

2% 2% 1% 4 ppm
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Fig. 7 Block diagram of the experimental system
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Fig. 9 Contact detection parameters;
Ch.1: velocity from Kalman filter,
Ch.2: detection status of the proposed algorithm,
Ch.3: test parameter g,
Ch.4: weighted summation of the 4 .

g, 4=$ AlolzE 3, 2% FEL 8ppm
< AH83dTh. Fig. 9 Zo] HEAX S
e gde] HEE uw7lx|e] HE: A4 &
Wiel gedelg =A% Aot Fig 9
Zhi e gy £x ARola, Ald

A Egael, 1 v geEE W A
ol & < 2HYs vepdd. A
299 A5 HetdE qu] e ®7)8
o] HZF A A Fk(threshold)e] At &3
2VE2 Agsin v A 4= F
EAE g, 9 75 BHY Aot 1o
F ARl Ad 3 9 g e e we 3
Qow, AR NE FYdo 5

L
-

- n[n

i‘i] s

> S

(o3

=

l

¢

oy, &5

d

C‘_

Humg
__fLrlo

o

ok

B S [ A T L A TR

m}r:HU

7}A) 2L
7 Qe

AgE dugdse] v gUd vugrte 9
3t Ao ez T8 AF FTd g, & A3t
A gx 2 YegE £ERES Fes 94
&& AHEsted vl H2E 3ot oz F



AaFersz) 42y A713

WS EYE £57 4 o]3tE dolxd
(162 3 Hol 1 o] HEF FAHHY, A=
Al golo] BHe] z & HE AE dagEom
g ALgET ol WL &= FR Fgol
EAY B¢ 2538 AE ATl X9 2 o
HAEE dovle 497t 2AsEd, Fig. 10 & o)
g F99 delgg &

12 fo

Detection
Flag

Fig. 10 Contact detection parameters;
Ch.1: velocity information from Kalman filter,
Ch.2: detection status by the constant threshold,
Ch.3: test parameter ¢, ,
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Define,

X, =X, — X, (17)
(18)

hlxl/l 1°
(19)

ikt = Xpppo — Xp»

and the innovations process as vV, =Z,

E[(ik/k—l - ﬁk/k)(ik/k—l - ik/k )T] =
E[(ik/k—l - ik/k)(ik/k—l - iIc/k)T]

_ pre ~T ~ ~T ~ ~T ~ ~T
= E[X, X — X Xy — Xpri-1Xee + X, X ]
(21)

20

Since

-x=(I-K,h )X, +K,v,,

Xerk = Xpm

(22)
~ ~T ~ ~T ~ ~ ~ o~
ElX X = XX, — xk/k—lxkrlk + X XkT/k

(23)
=P + Py — E[(X - K.h, )ik/k-li[/k-n
~T ~ ~
+KoviX i + X%, - KRy
~ T
+ XV K ] (24)
=P +P —2P,, =P, -P,,.
(25)
Eq. (20) can be described in another form as
1A (CARES W0 ¢ IS WL - 6)
= E[K, (z, —hkik/k—l)(zk h xk/lc 1) K, £l
where
X0~ X0 =K, (z, -h,X,,, )=-K,v,
27
= E[K,v,viK]]. (28)
n



