BEBETSE 20024E BEREAGRIE p173~176
&0 HO|AE XSHAIE

ZAHEEERA), Ol4REIHEA),

it 2-D/3-D 58 LT EF

2-D/3-D Combined Algorithm for Automatic Solder Paste Inspection

S. H. Cho(INTEKPLUS), S. Y. Lee(INTEKPLUS), S. G. Lim(INTEKPLUS),
H. M. Choi(Electronics Eng. Dept., KNU)

ABSTRACT

In this paper, we present the combined 2-D and 3-D algorithms for automatic solder paste inspection. For automatic

inspection, optical system for the combined inspection and driving unit is made. One-pass run length algorithm that has fast

and efficient memory space is applied to the input image for extracting solder paste patterns. The path of probe movement is

then calculated for an automatic inspection. For a fast 3-D inspection, the phase shift algorithm based on Moiré

interferometry is also used. In addition, algorithms used in this paper are coded by MMX™. A probe system is manufactured

to simultaneously inspect 2-D and 3-D for 10mmx10mm field of view, with resolutions of 10 um for both x, y axis and 1 um

for z axis, and then, experiments on several PCBs are conducted. The processing times of 2-D and 3-D, excluding an image

capturing, is 0.039sec and 0.047sec, respectively. The credible result with +1um uncertainty can be also achieved.
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Fig. 1 Optical structure for extracting a solder paste
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Fig. 2 Flow chart of solder paste extraction for
automatic 2-D/3-D inspection
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Fig. 3. Optical layout for 3-D measurement

AR A} FEH A= B2FH EA7
FEHR 19 ¥ygd Pyt g4 A=2E F3o
CCD i gol vetdrt. 34 F&53 59 B=
Atolo Ztezb Algs Qo] x FF Fo] Wl
Hall RHol] Bu o} FE EFHE ¢EG.

A7 ddd Ad FIAEE Mdbn
ZhgskA Reld ¥ e

—~

I(x,y)y =1y +y cos[k h(x,y) + k, x]
2)

I go] FHE ¢ Yo, 97AH, Ix,y) & BH
4 EAd g9 AH x, y Ao HY=EE
ouigct. 1, ¥ HE HIE, y 2 Ho}y
7Y JHE, kxy) T F3 EAY ¥,
k, & ok, A7z wE x Wgozol Dol
5ol t,

4 (2)2 94 A Ay dvxsly # dEA
A4 Hol AAeEol A(2)eA FZAAY J4 FL
Taed ol8d £ 9o

K h(x,y)+ k,x
(3)

ot #HFF k, & k, £ SAHESA Ui
5d dsAT 7187 A%, Az nF, 59 %
FEFTde FdE o2(ions)F FE A=Y
AR &

olAL aE WFEo] ArE 44E F A
a9 e HBE BAC ddF HA d&
Ao AL dEhde. 2 AN o)4E R
BRE F dAE TR A, A Az, o

(2ot Ayl

71E EAE olEFoEZH, F axy) = AF,
A AEE EAY 5 U1, 4 ERH kx L
S F Aok, T A, Iy wolo 2H¥
AolANE zm &, 7} EAE 5 Aok, 283 A
2 N8 kxS k2 dATZH, e EHY
B9 Folhkx,y)E 78 & At.

4. 49 43

Ao A}LE TEH A2 LpHolaE
AF FE 9 olAd AAE Ao o A9
LED 2 74" F A9 asvt b 8§ =94 4
A2 EA AALE f8AE shve) LED 2 A
Fdol Algdh. E3, T3 44 Fse A%
A4 ccTv d=, 10001000 A= 2% 30
AL 7IRE tAEd ccp FdEket 91 Aol
£ 9% piezoelectric T3717} 94 58 3 o
|EAT. T2BY 2Y3E Y8 27 3 M
Zo] BEF g% HA T ZEE 7| gole o
Mol HFE 7 08 AFF}7] Y3l ¥ d=9
ol AA Agol AU Ak EF, 111 8E
S $&) A= ccDp Ftdet Atolol & HFuJ}
FdadFetol 4AdHATG. LI W0um o Ay
EE JI1AE 10mmx10mm olch. 18]lx, side},
PZT, 3 /N =% F7|18& Y& vlolx & Az3
T o]& ol gt 1% 4 £ HAZ Ay =
2B A2"loln, 07 5 & T2H AxHo| F
d 44 &3 85 Jehdg.

3% 6(a)2 LEDs 1 2H(2F 1 oA)eA ¢
o FAo g votge ojgu T, dirlz, ¥
A= T2 HA Yye, £ 2EE X U
92 9L oFA Jerdu,

3% 6(b)& LEDs 2 2H(2F 1 oMol &
olxl JAez, &rdFolAE, MHénlm, HA=
2 WA Jeve, UsA F2 oFA YEbdo
Eridjo]l2E7}F B FAdA ojFE JFL wd
EojHo]2EZ ZEE 9 6(c)& €2 + U
olE ol @il 18 6(d)7F Bk, 3714,
ol &E UAGE Aol o FaHA groloh, ofA
3lel %J & onepass Run Length 2 ol EBHE 2
F7t ad 6(e)oly, 7|4 &£=vlo]AE 2y
A AR 2R g FH T dE.

2o17l Euldfol29 94X 2 o FHY AR
B3 LRV o|FHEZE Holguolxd FHsle=
Auto-teaching ¥, olatg & A9 AFHALE F
gk A A= 493 Y EL AR
sglon, 0% 7 & A2 Jlwd Fodd
Moiré F-H ¢} A3 L2948 247h Ve,

=175 -



Fig. 5 Actual measure-
ment system

(c) Difference image (d) Thresholded image

(e) Blobed image
Fig. 6 Solder extraction and 2-D inspection

Holg 1 & & Fov & sty Y Bad
6 TS IV A AALD ARF oY R
A AA 288 E AZE 47 deENn
A71A,  AHEE AP GRS ES MMX™
23R

Table 1 Consumed-time for each FOV on the Pentium-iII

866MHz [msec]
Images 2-D, . 3D
- capturing inspection inspection
onsumed
- time 198 39 47
Total time 284
5.4 &

£ ERdMe EddozES ojxd #

A AF AASE BE nEe ALHAT.

x &y ol W0pm, z &) A lum 2 HTEE
ZAAE  10mmx10mm G AS olxAd R A4
AANE AT FEAE 9Yd T2BE ALFeE
EZRESA Adtste] 43 A, Eoige2EY

olxte B A9 AA #ZE 0.039sec &
0.047sec @ HA o]l 225N, +lum W
o9 AHA Jde 5 AR @FAA9
832AL FEA7|0 dFd u2 H4 e
FQapgitt. goz, o] =Fd HLH JI=ES
gz =9l S A(coplanarity) SR 473

288 o Holoh

kA
e
"
-
-
»
P
-
-
-
»
-
-
-
»
Y

(2313125 SRR RS 13

APV I — P

Fig. 7 Moiré fringe images and 3-D profiles of solder
Pastes

P

FEH

[1] Sjef van Gastel, “The Imapcat of Product
Miniaturization on Next Generation SMD Placement
Technology,” Proc. APEX 2001, San Diego (USA),
AT1-1, 2001.

[2) Ray Prasad er al, “Design and Assembly Process
Implementations for BGAs,” IPC, illinois, pp.54-57,
2000.

[3] B. Bhushan, J. C. Wyant, and C. L. Koliopoulos,
“Measurement of Surface Tophography of Magnetic
Tapes by Mirau Interferometry,” Appl. Opt. 24, pp.
1489-1497, 1985.

[4] L. Deck and P. de Groot, “High-speed Noncontact
profiler ~ based on  scanning  white-light
interferometry,” Appl. Opt. 33, pp. 7334-7338, 1994.

{5] Y. Sato, H. Itagama and H. Fujita, “Shape
Measurement of Curved Objects Using Multiple Slit-
ray Projections,” IEEE Tran. Pat. Anal. Mach. Intel.
Vol. 4, pp. 614-646, 1982.

[6) SW. Kim, YB Choi, and JT. Oh, “Three-
dimensional Profile Measurement of Fine Objects by
Phase-Shifting Shadow Moiré Interferometry,” SPIE,
Boston (USA), pp. 28-36, 1996.

[7} Rober M. Haralick and Linda G. Shapiro, “Computer
and Robot Vision,” Addison Wesley, Vol. 1, pp. 28-48,
1992.

- 176 -



