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Abst rac t 

A f u l l y automatic LSI wi re-bonding system 
u t i l i z i n g image processing techniques is 
descr ibed. The p o s i t i o n recogn i t i on system 
developed is composed of measuring s t a t i o n s , a 
r ecogn i t i on dev ice , a minicomputer, and cassette 
tape- recorders . The p o s i t i o n of the bonding pad 
is found, genera l l y in r e a l - t i m e , by the recogni ­
t i o n device and computer. The computer c a l c u ­
la tes p o s i t i o n a l data of a l l bonding pads and 
s tores them on a cassette tape f o r a subsequent 
w i re-bonding process. The p o s i t i o n recogn i t i on 
methods discussed are composed of a th resho ld ing 
a lgor i thm and a p o s i t i o n - f i n d i n g a lgo r i t hm. 
These methods are evaluated from the v iewpoin t 
o f t h resho ld ing s t a b i l i t y , r ecogn i t i on ra te and 
p o s i t i o n a l accuracy. 

products. 

1, I n t r o d u c t i o n 

Recogni t ion of ob ject p o s i t i o n and posture 
has been recognized as a v i t a l technique in the 
machine percept ion f i e l d . Many s tud ies have been 
conducted to date in t h i s f i e l d and have led to 
the development of p r a c t i c a l techniques such as 
b o l t - t i g h t e n i n g r o b o t s ( l ) , p r i n t e d - e i r c u i t board 
d r i l l i n g machines(2), w h e e l - f i t t i n g machines(3), 
as w e l l as o t h e r s ( 4 ) ( 5 ) . 

One c r i t i c a l area in which machine percep­
t i o n research is expected to prove espec ia l l y 
va luab le is automated semiconductor assembly. 
This is because semiconductor devices have 
got ten s t e a d i l y more soph is t i ca ted and have been 
m in ia tu r i zed to the po in t where human operat ion 
is becoming i nc reas ing l y prob lemat ic . Along 
t h i s l i n e , success has a l ready been rea l i zed in 
developing a new t r a n s i s t o r assembly system(6), 
the f i r s t p r a c t i c a l a p p l i c a t i o n o f a group-
c o n t r o l l e d v i s i o n system. 

This paper deals w i t h an approach to the 
assembly of other semiconductor dev ices , 
espec ia l l y LSI ch ips . I t has been developed in 
p a r a l l e l w i t h the t r a n s i s t o r assembly system by 
the same machine percept ion group. To da te , 
almost a l l LSI assembly processes have a l ready 
been automated, the notable except ion being the 
p o s i t i o n measuring s t a t i o n f o r w i re -bond ing . 
The p o s i t i o n recogn i t i on technique in t h i s study 
i s designed to r e c t i f y t h i s s i t u a t i o n , opening 
the way f o r f u l l y automated LSI wi re-bonding 
systems and, consequently, more r e l i a b l e LSI 

2. Out l ine of LSI Wire-bonding 

An example of an LSI lead-frame p r i o r to 
assembly is shown in Figure 1 (a ) . The close-up 
photograph in Figure 1(b) shows bonding pads 
d i s t r i b u t e d in the pe r i phe ra l p o r t i o n o f the 
LSI ch ip . The wi re-bonding process is where 
gold or aluminum wires are bonded and s t re tched 
between the bonding pads on the chip and the 
outer leads on the lead- f rame. This process is 
ca r r i ed out by n u m e r i c a l l y - c o n t r o l l e d high-speed 
wire-bonding machines at a speed of 0.2 
seconds/wire by us ing previously-measured 
pos i t i ons of bonding pads. However, the 
measurement is s t i l l made by opera tors ; e i t h e r 
by manually p o i n t i n g out a t y p i c a l corner of the 
chip on a pro jected image screen or by manually 
a l i g n i n g the ch ip image w i t h the two c ross - l i nes 
on a magnif ied view. 

The p o s i t i o n r ecogn i t i on technique 
developed here uses two TV cameras to scan 
images of two d i f f e r e n t pe r i phe ra l por t ions of 
a s ing le LSI ch ip fed au toma t i ca l l y i n to the 
measuring s t a t i o n . The p o s i t i o n of a bonding 
pad in each f i e l d of v i s i o n is then determined 
approximately by a spec ia l image processing 
hardware and a minicomputer. The computer then 
ca lcu la tes p o s i t i o n a l data of a l l bonding pads 
and records them on magnetic cassette tape f o r 
subsequent bonding. 

( a ) LS I l e a d - f r a m e 

F i g , 1 L S I l e a d - f r a m e and bond ing pads, 
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I n i t i a l p o s i t i o n a l e r r o r s , due mainly to 
previous d ie -bond ing processes, of +150µrn in 
the X and Y d i r e c t i o n s and ±30' in an angular 
d i r e c t i o n are i n e v i t a b l e and must be t o l e r a t e d 
at the measuring s t a t i o n . The p o s i t i o n r e c o g n i ­
t i o n technique must compensate f o r the above 
load ing e r r o r . I t must a lso have a p o s i t i o n 
f i n d i n g accuracy of less than ±10 µm to ensure 
r e l i a b l e w i r i n g a t a l l bonding pads. Fu r t he r ­
more, the r e c o g n i t i o n time and recogn i t i on ra te 
should be less than 0.3 seconds/chip and more 
than 99.9 %, r e s p e c t i v e l y , to accommodate 
var ious product ion c o n d i t i o n . 

3. P o s i t i o n Recogni t ion Method 

The image input system f o r LSI ch ip p o s i t i o n 
r e c o g n i t i o n is shown in Figure 2. In order to 
assure adequate r e s o l u t i o n , two TV cameras and 
microscope lenses were i n s t a l l e d above the LSI 
c h i p , which was i l l u m i n a t e d by a lamp. Shading 
and geometric d i s t o r t i o n s were almost completely 
e l im ina ted by compensation c i r c u i t r y . The s ize 
of each v i s u a l f i e l d was set to 800 urn 
h o r i z o n t a l l y and 600 µrn v e r t i c a l l y . For our 
purposes, the s ize of an LSI ch ip ranged from 3 
to 6 mm square. To accommodate var ious LSI types 
and s i zes , two independent XY tab les were 
actuated to ad jus t the camera pos i t i ons and 
d is tances whenever product changoovers, e .g . 
from 3 to 6 mm ch ips , become necessary. 

F i g . 2 Image i n p u t system f o r p o s i t i o n 
r e c o g n i t i o n o f LS I c h i p . 

In the process, a f rame-feeder feeds LSI 
chips one by one, i n t o the system's f i e l d of 
v i s i o n . An analog video s igna l con ta in i ng 
t a rge t pad in fo rmat ion can be obtained from each 
TV camera. The video s igna l from each TV camera 
is sampled and the e f f e c t i v e scanning f i e l d is 
d i v i ded i n to 320 x 240 p i c t u r e elements. Thus, 
one p i c t u r e element corresponds to 2.5 µm square. 
The image processing technique adopted here has 
two major f u n c t i o n s . 

One s t a b l y thresholds the analog video 
s igna l i n t o a b inary image. This th resho ld ing 
is p a r t i c u l a r l y important in p r a c t i c a l image 
process ing. This is because a very simple and 
high-speed image processor can be rea l i zed if 
s tab le b ina ry video s igna ls can be assured in 
s p i t e of a wide range of i l l u m i n a t i o n i n t e n ­
s i t i e s , r e f l e c t i o n r a t i o changes f o r d i f f e r e n t 
chips and other v a r i a t i o n s . 

The other f u n c t i o n detects the p o s i t i o n of 
the bonding pad in the image w i t h h igh accuracy 
and r e l i a b i l i t y . This p o s i t i o n d e t e c t i n g 
a lgo r i t hm cons is ts of two successive steps i . e . 
(1) macroscopic and (2) microscopic . In the 
f i r s t s tep , the pos i t i ons of the bonding pads 
are detected approximately by us ing 80 x 60 
p i c t u r e elements sampled in the X and Y 
d i r e c t i o n s . More accurate p o s i t i o n i n g is 
accomplished in the second step w i t h the 
o r i g i n a l p i c t u r e element r e s o l u t i o n . F i n a l l y , 
a geometric check is performed fo r the p o s i ­
t i o n a l data of an a r b i t r a r y pa i r of pads between 
the v i sua l f i e l d s . When a reasonable pa i r is 
found, a l l other pad pos i t i ons are ca l cu la ted 
from known geometric r e l a t i o n s of the pads in 
the ch i p . 

4 . Threshold ing A lgor i thm 

(a ) Ana log image (b ) B i n a r y image 

F i g . 3 Images o f p e r i p h e r a l p a r t o f L S I c h i p . 
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The b ina ry image obtained by the "balanced 
th resho ld method", developed here, is shown in 
Figure 3 (b ) . The aluminum bonding pad and other 
par ts are d i sc r im ina ted c l e a r l y i n the f i g u r e . 

The "balanced th resho ld method" determines 
a th resho ld by successive approx imat ions. F i r s t , 
an a r b i t r a l th resho ld l e v e l is chosen in advance, 
then the average values h igher and lower than the 
th resho ld l e v e l are c a l c u l a t e d . Secondly, 
u t i l i z i n g these average va lues, the th resho ld 
l e v e l is modi f ied to a new one. This process is 
continued N times u n t i l an approximate e q u i l i b ­
r ium th resho ld l e v e l is a t t a i n e d ; where N is a 
constant . This process is expressed as the 
f o l l o w i n g i t e r a t i o n equat ions: 
For n = 0 , 1 , 2 , . . . , N , 

where f ( t ) is the analog video s i gna l from a TV 
camera, θ(n) is the n - th th resho ld l e v e l , Δfw(n) 
and ΔfB(n) are the n - th average values h igher and 
lower than θ(n), β and 1- β are constants t ha t 
r e l a t e to the weight of Δw(n) and Δfθ(n) , and 
Tw(n) and Tθ(n) are time periods where the image 
s igna l is greater and less than θ(m). 

This a lgo r i t hm can be expla ined more 
concre te ly by us ing a simple s i gna l model to 
i l l u s t r a t e the meaning of these equat ions. A 
s i gna l model w i th on ly two br igh tness l e v e l s , 
fw and fs , whose t ime periods are Tw and 
TB r e s p e c t i v e l y is shown in Figure 4. Note 
t ha t those time i n t e r v a l s are c l o s e l y r e l a ted to 
areas of the scanned image. When f9<θ(n)<fw and 
when the second and t h i r d terms of Equat ion (1) 
are r e w r i t t e n a s : 

I f Δθ(n) becomes comparat ive ly small a f t e r several 
i t e r a t i o n s , the th resho ld g iven by Equation ( l ) 
approximates to the e q u i l i b r i u m th resho ld . 

F i g . 5 R e l a t i o n between B(*' and AO^ f o r 
s i m p l e s i g n a l model shown in F i g , k 

The r e l a t i o n between 0(~'and A9{v)foT t h i s 
model is i l l u s t r a t e d in Figure 5. Among the 
values A6y , J#B , AQ^ and bO'^ at the d i scon ­
t inuous po in ts in the f i g u r e , the f o l l o w i n g 
equations ho ld : 

F i g . k S i g n a l model w i t h two b r i g h t n e s s 
l e v e l s . 

Thus, the f o l l o w i n g r e l a t i o n can be obtained 
from Equat ion ( 7 ) : 

( 8 ) 

There fore , 0 is unique regardless of the i n i t i a l 
th resho ld va lue , as shown in Figure 5. 

However, the images of LSI chips are not as 
simple as the model because they usua l l y inc lude 
var ious br ightness l e v e l s . Suppose t h a t the 
image of an LSI ch ip involves m major b r igh tness 
l e v e l s . Then it can be shown t h a t , at most, m-1 
e q u i l i b r i u m thresho lds e x i s t . 

However, i l l u m i n a t i o n and r e f l e c t i o n are 
s tab le enough t ha t the br ightness of the aluminum 
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is always between an upper bound and a lower 
bound . Thus the t ime per iods Tw

(n) and T8
(n) 

should be changed i n t o Tw
(n) and T , where 

respec t i ve l y . 

In t h i s case, the video s igna l f o r an LSI 
ch ip can be approximated by the model in 
F igure 4. A s tab le b ina ry video s i g n a l , which 
can cope w i t h the var ious changes in p r a c t i c a l 
p roduct ion cond i t ions e . g . i l l u m i n a t i o n changes, 
r e f l e c t i o n r a t i o changes f o r each LSI ch ip , 
s e n s i t i v i t y d r i f t of the TV cameras, can be 
obta ined by the above "balanced threshold 
method". 

In order to apply the above a lgor i thm to 
t h i s system, Equations (2) and (3) are converted 
i n t o sums: 

(9) 

(10) 

The numerators and denominators in Equations (9) 
and (10) are e a s i l y obtained by count ing p i c t u r e 
elements as image scanning proceeds. The 
d i v i s i o n and m u l t i p l i c a t i o n steps in Equations 
( 1 ) , (9) and (10) are executed by sof tware w i t h i n 
the b lank ing p e r i o d . 

An ac tua l example of the r e l a t i o n between 
θ (n ) and θΔ (n ) f o r an LSI ch ip is shown in F igure 
6. Here, the video s igna l is quantized i n t o 64 
leve ls and t y p i c a l parameters f o r t h i s case are 
s hown. 

This t h resho ld ing method is e s s e n t i a l l y 
equ iva lent to the method which u t i l i z e s the 
histograrn(7) o f the LSI ch ip br ightness d i s t r i ­
b u t i o n . However, the processing speed is much 
f a s t e r than t h a t of the histogram method. 

5. P o s i t i o n Detect ion A lgor i thm 

The bonding pad of an LSI chip is t y p i c a l l y 
120 urn square. This corresponds to 48 x 48 
p i c t u r e elements in i t s image. Adjacent to the 
square p o r t i o n , the pad has a p ro t rud ing pa r t 
on one side edge t h a t j o i n t s to inner pa t t e rns . 
In a d d i t i o n the pad usua l l y has a scratch on i t s 
su r face , as shown in Figure 3, caused by the 
needle probe used in the previous wafer inspec­
t i o n process. 

The p o s i t i o n de tec t i ng a lgo r i thm should 
accommodate these t y p i c a l features of bonding 
pads and s t ab l y de tec t the p o s i t i o n of the pads. 
The a lgo r i t hm cons is ts of two p a r t s : the macro­
scopic and microscopic processes. In the macro­
scopic process, the roughly-sampled image is 
used, and a pa t t e rn matching method is app l i ed . 
In the microscopic , severa l rec tangu lar domains 
are generated, and the whi te areas in the domains 
are ca lcu la ted to determine the p o s i t i o n more 
accura te l y . 

5.1 Macroscopic processing 

In the macroscopic, the b inary video s igna l 
of an LSI ch ip is sampled every four elements to 
y i e l d an 80 x 60 element image. In t h i s case, 
a pad corresponds to a 12 x 12 element. A p r e ­
processing n o i s e - e l i m i n a t i o n step is performed 
on t h i s roughly-sampled image. A template f o r 
t h i s procedure i s i l l u s t r a t e d in Figure 7 . 
When the number of whi te p i c t u r e elements among 
P0 , P1 , P2 , . . . , P8 is less than f o u r , P0 is 
regarded as b lack , otherwise i t is regarded as 
wh i t e . Thus a simple b inary image is obtained 
in which uneven boundaries and i s o l a t e d noises 
are e l i m i n a t e d . 

F i g . 7 Template f o r noise e l i m i n a t i o n . 
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Next, the p o s i t i o n of the bonding pad is 
detected by a pa t te rn matching method, as 
i l l u s t r a t e d in Figure 8. Four templates kl , 
A2' A3 and A4 are scanned in p a r a l l e l over the 
inpu t image p a t t e r n to determine whether the 
input p a t t e r n is matched. The s ize of each 
template is 5 x 5 p i c t u r e elements. I t s standard 
pa t te rn is equal to each corner of the bonding 
pad to be de tec ted . Let U i j be a standard 
p a t t e r n , D i j be a " d o n ' t - c a r e " p a t t e r n and I i j be 
an input pa t t e rn corresponding to a domain Ak 
(where k = l , . . . , 4 ) . The matching r e s u l t Mk is 
given as f o l l o w s : 

(11) 

This equat ion means t ha t the Mk in the template 
Ak i s " 1 " when U i j matches I i j except f o r 
D i j = " l " , otherwise " 0 " . 

However, at the preceding wafer inspec t ion 
stage every bonding pad is scratched by a needle 
probe. Consequently, the p a t t e r n matching does 
not always hold f o r a l l f ou r corners . Thus, 
regard ing l o g i c v a r i a b l e Mk numer i ca l l y , the 
f o l l o w i n g numerical sum M is c a l c u l a t e d : 

(12) 

If M> 3, the p a t t e r n is regarded as a bonding 
pad. Therefore , the pad is e a s i l y de tec ted , even 
i f one of the four coners lacks i t s normal shape 
as shown in Figure 8. 

S t r i c t l y speaking, the macroscopic 
processing f i nds only pad candidates. This is 
because there can be other pat terns in the image 
which resemble pads. 

The f i r s t microscopic processing step checks 
and c l a s s i f i e s the type of pads by i n v e s t i g a t i n g 
the j o i n t t e rm ina l d i r e c t i o n o f the candidate 
f o r every p i c t u r e element. In the process four 
rec tangu la r domains are generated around the 
candidate, as i l l u s t r a t e d in Figure 9 ( a ) . In 
the process, four r e c t a n g u l r r domains are 
generated around the candidate. White areas 
S1 , S2 , S3 , and S4 are then measured. In 
the example of the f i g u r e , the f o l l o w i n g 
cond i t ions are checked: 

S 1 , S2, S3 < SB > Su (1?) 
where SB and Sw are appropr ia te threshold 
va lues. Only when r e l a t i o n (13) ho lds , the 
candidate is accepted as a bonding pad. 

F i g . 8 Pos i t i on f i n d i n g method by pa t te rn 
matching. 

(b) P o s i t i o n mod i f i ca t i on of every corner . 

F i g . 9 Microscopic processing. 
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The second step detects the p o s i t i o n of the 
pad. For t h i s purpose, several minor rec tangu lar 
domains are set around the corners as i l l u s t r a t e d 
in Figure 9 ( b ) , depending on the r e s u l t s of the 
previous s tep . Thus, the X and Y pos i t i ons of 
the corners are determined by c a l c u l a t i n g the 
whi te areas in the domains at the r e s o l u t i o n of 
the o r i g i n a l p i c t u r e . For example, when area 
Sy is detected at a domain whose center p o s i t i o n 
in the Y d i r e c t i o n is YMas shown in Figure 10, 
the prec ise Y coordinate becomes: 

( 1 4 ) 

Thus, the p o s i t i o n of the corners , except f o r 
any missed corners , are determined. 

L a s t l y , the center of the bonding pad is 
c a l c u l a t e d . Here, the j o i n t termina l and the 
p o s i t i o n of the scratch ins ide the pad are taken 
in to cons ide ra t i on . For example in Figure 9, 
the center coordinates (xc ,yc) of the bonding 
pad are ca lcu la ted as f o l l o w s : 

F i g . 10 Example of p o s i t i o n mod i f i ca t i on . 

(15) 

(16) 

Here (x1 , y1 ) and (x2 , y2 ) are coordinates of 
corners Q1 and Q2 , and y4 is the Y coordinate 
of corner Q4 in the f i g u r e . The second term in 
Equation (15) means l / 2 of the pad s i z e , in 
p i c t u re element. 

6. System Con f igu ra t ion and Resul ts 

6.1 Recogni t ion system 

A p o s i t i o n de tec t i on system based on these 
method has been constructed (see Figures 11 , 12) . 

F i g . 1 1 Genera l v iew o f p o s i t i o n r e c o g n i t i o n 
system f o r LSI c h i p s . 



I t cons is ts o f four measuring s ta t i ons 
i n v o l v i n g image input TV cameras, a r ecogn i t i on 
dev ice , a mini-computer HITAC-10 II (16 b i t , 
16 KW) and casset te tape- recorders , as shown in 
Figure 12. A maximum of four measuring s ta t i ons 
can be c o n t r o l l e d in p a r a l l e l by a s ing le 
r ecogn i t i on device and the mini-computer. 

In the recogn i t i on dev ice , an i n t e g r a t i o n 
c i r c u i t f o r t h resho ld ing ca lcu la tes the four 
i n teg ra ted values in the numerators and 
denominators in Equations (9) and (10) . This 
c i r c u i t b a s i c a l l y cons is ts of an AD converter and 
four counters . The noise e l i m i n a t i o n c i r c u i t and 
the pa t t e rn matching c i r c u i t are the macroscopic 
processing c i r c u i t s , and send pos i t i ons of pad 
candidates to the computer. In the pa t te rn 
matching c i r c u i t , several l i n e memories are used 
to p ick up a l o c a l image in the r ea l - t ime mode. 

In accordance w i t h the p o s i t i o n a l data of 
the candidates, the computer sends severa l sets 
of rec tangu la r domain pos i t i ons to the two groups 
of whi te area counters which do the microscopic 
processing. The counted data are sent back to 
the computer, which checks the te rmina l d i r e c t i o n 
and ca lcu la tes the p o s i t i o n of the bonding pad. 
These in fo rmat ion t r a n s f e r s are executed by the 
i n t e r f a c e c i r c u i t us ing D i r e c t Memory Access 
(DMA) as w e l l as m u l t i - l e v e l i n t e r r u p t i n g 
f u n c t i o n s . The se lec to r is used to determine 
the appropr ia te measuring s t a t i o n s , TV cameras, 
and image processing c i r c u i t s depending on the 

processing sequence. Some of these are selected 
in p a r a l l e l to enable simultaneous processing. 

A t ime char t of the image processing is 
shown in Figure 13. As i l l u s t r a t e d , three f i e l d s 
are devoted to t h resho ld i ng . Pat tern matching is 
done by one f i e l d . D i r e c t i o n f i n d i n g of the 
j o i n t t e rm ina l is accomplished by one f i e l d . At 
the same t ime , p o s i t i o n adjustment of each corner 
is e f f ec ted by one f i e l d . One f i e l d is equal to 
16.7 ms. Thus, t o t a l image processing time 
becomes 133 ms. In a d d i t i o n , however, there is 
some lag due to the d im in i sh ing af ter - image 
e f f e c t of the TV camera and other software 
computing t ime. There fore , ove ra l l p o s i t i o n 
l o c a t i n g time becomes approximately 200 ms at 
maximum. This i s w e l l w i t h i n the i n i t i a l t a r g e t 
t ime of 300 ms. The r e s u l t s of each image 
processing sequence is shown in Figure 14(a) to 
( d ) . 

The r e c o g n i t i o n methods discussed here are 
evaluated from three po in ts of view: (1) e f f e c ­
t iveness of the t h resho ld ing method, (2) recogni ­
t i o n r a t e , and (3) p o s i t i o n a l accuracy. 

(1 ) In p r a c t i c a l p roduct ion l i n e s , var ious 
d isturbances must be considered, espec ia l l y the 
e f f e c t s o f : 
(a) i n t e n s i t y changes of the i l l u m i n a t i o n , 
(b) p o s i t i o n a l change in the image f i e l d , and 
(c) lens focus. 

6.2 Test r e s u l t 



The system was tes ted by changing i l l u m i n a t i o n ± 
15 °/o from i t s normal i n t e n s i t y . To determine 
p o s i t i o n a l dependence, p o s i t i o n are a l t e red 
t ] 50µ m along both X and Y d i r e c t i o n s . To 
i nves t i ga te the e f f e c t of lens focus, the 
v e r t i c a l p o s i t i o n of the ch ip is va r ied +120µm 
along the o p t i c a l a x i s . 

The r e s u l t s are shown in Figure 15. Each 
cross-sect ioned reg ion gives co r rec t operat ion 
of the r ecogn i t i on a lgo r i t hm as long as a 
th resho ld value in the reg ion is adopted. 
Thus, each median ax is of the reg ion corresponds 

to the threshold w i th the h ighest margin f o r 
pad r e c o g n i t i o n . As a r e s u l t of the e v a l u a t i o n , 
the optimum th resho ld ing parameters are f o l l o w s : 
N=3, a=64, b=15, when analog video s igna ls are 
quantized i n to 64 i n t e n s i t y l e v e l s . The optimum 
value of ft is determined to be 0.55 by f i n d i n g 
the minimum standard d e v i a t i o n from the median 
a x i s . The r e l a t i o n between ft and the 
corresponding standard d e v i a t i o n is shown in 
Pipure 16. 

(2) A f t e r determin ing the th resho ld ing pa ra ­
meters, the recogn i t i on ra te was measured f o r 
severa l types of LSI ch ips . The r e s u l t s shown 
in Table 1 demonstrate t ha t the expected 
recogn i t i on ra te of 99.9 % has been achieved. 
The s ing le mis recogn i t ion was due to the 
de fec t i ve chip whose large whi te domain happened 
to resemble a bonding pad. 

(a.) I l l u m i n a t i o n (b) Pos i t i ona l change (c) Lens focus(µm) 
i n t e n s i t y change(%) in image f i e l d (µm) 

F i g . 15 Threshold change due to var ious 
disturbance f a c t o r s . 
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(3) For p o s i t i o n a l accuracy t e s t i n g , three 
represen ta t i ve types of LSI chips were se lec ted . 
The r e s u l t s are shown in Table 2. The recogn i ­
t i o n accuracy was ± 5 . 9 µm, w e l l w i t h i n the 
i n i t i a l t a rge t of ± 10 urn. 

Tab le 1 R e c o g n i t i o n r a t e . 

8. Conclusion 

Pos i t i on recogn i t i on methods f o r LSI chips 
were d iscussed, as app l i ca t i ons of image 
processing techniques. The methods developed 
here depends on a s tab le th resho ld ing a lgor i thm 
and a two-step p o s i t i o n f i n d i n g a lgo r i t hm. The 
recogn i t i on ra te and accuracy f o r these methods 
were w e l l w i t h i n the t a rgp t ranges. The comple­
t i o n of t h i s system makes high-speed automatic 
assembly of LSI packages f e a s i b l e , and avoids 
human e r ro rs encountered in previous p o s i t i o n i n g 
techniques. 
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