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ABSTRACT 

b fast and highly reliable method of inspecting minule 
solder joints of high-density rnouaed devices hns been 
dcveloperl. It uses two techniques to detect all types of defects, 
such as unsoldered leads. solder bridges. and mis-aligned leads. 
One applieszxternal Form to solder joints with an air jet. which 
vibrates w shifts unsoldered leads. The vibration and shift is 
detected as a change in the speckle pattern produced by laser 
ilIumination of the solder joints. The other uses fluoresoenoe 
from PC (Printed circuit) boards gcnwrrmed by shon wavelength 
laser illumination. A silhouene image of the solder joint is 
detected and processed to extracts defects. The experimental 
results show that this new inspection method detects all types of 
defects accurately with a very low false alarm rate. 

1. TNTRODUCTION 

Great p r o p s  has recendy been made in high density 
packaging and fine soldering technology. Despite, effons to 
achieve perfcct soldering. the occurrence of defects is sti l l  

unavoidable. Consequently. post-soldering inspection is 
indispensable. Many rnethds have been reported: Thermal 
radiation detection 111 heats solder joints with a lasa and 
d e w ~  transitional thermal radiation. Shape from specular [2-61 

surface orientarion. Resides the information of both solder 
joina, an X-ray image contains and dozens of internal layers, 
end i t  is difficull to distinguish solder joints. The mechanical 
impedance method may damage solder joints by physical 

contact probing. The photorhermoelastic method is also very 
sensitive to l ed  shape and surface reflectivity. Thus, i t  is very 

difficult to use ~heae conventional methods for a reliable 
inspection of solder joints on a high density PC b o d .  We 
have developed a new solder joint inspection method. 

2. INSPECTION OBJECTS AND DEFECTS TO RE 
DETECTED 

Figure I shows pan of a mounted P'C howd and the solder 
joints. The devices are 17 mm high and the minimum gap 
between them is about 4 mm. The inspection objects are the 
solder joints of QFP (Quad Flat Package) pull-wing leads on 
the board. which have 0.5-rnm lead pitch and 0.2-mrn lead 
widh as shown in Fig. I&). There arc t hm major defects: 
unsoldcred leads, solder bridges, and mis-aligned leads. The% 
defects are categorized into two different groups. The first one 
is unsoldered leads, which are very difficult to identify fmm 
their appearances. se a human inspector must check them with a 
microxop, sometimes by sricking them with a palr of tweezers. 
The second group i s  soldcr bridges and mis-aligned leads wh~ch 
a n  be seen in two-dimensional Images. 

As thwt twogroups are radically different fmm each other. 

detects surface orientation of soldered surfaces using direct 
reflection of illuminated light. X-ray image detect1011 171 Lead shoutder 

detects transmitted X-rays. Mechanical impclan= detection 
[ & I  detects the impdance spectrum of vibra~ion caused by a 
contact vibrator. The photothemoelastic 191 detects t hma l  
changes caused by a laser putse. The light se~tioning method 
detects the profile OF a solid solder joint by slit Ight projection 
110) or co-difkl ion of a spot light and a linear image sensor (a) A PC board (b) Solder joints 

I I 11. In applying these methods for high density packaging. the Fig. 1 Inspection objects 
following problems should be considered. T h e  tbennd 
radiation detection method i s  very sensitive to surface 
orientation and its reflmtivify. Optical methods, which try ta 

detect the solid shape, such ar the shape-from-specular methods 
and light-sectioning method, require a wide dtrecrion angle and 
stable reflectance. but these no1 can be expected to detect the (n) Unsolderad $& (b) Soldcr (c) J Mis-aligned 
shape nccurately when there is a narrow gap between tall lead bndgc lcad 

devices and a big intensity change caused by a minor change of Flg. 2 Derects to he deterled 



Thetefore, two individual methods were developed for them 

and combined to detect all defects. One is an air stimulation 
laser speckle vibration detection method 1121 for detecting 
unsoldered leads. The other is a fluorescence detection method. 
which was originally developed for PC h a r d  panem inspection 
[ 131. that we modified for detecting solder bridges and mis- 
mligned leads. 

3. AIR STIMULATION LASER SPECKLE 
VIBRATION DETECTION METHOD 

DETECTION PRINCIPLE 

The principle of this method is shown in Fig. 3.  Solder 

joints are stirnulattd by an air jet from an oblique dimt ion. A 
well soldered lead does not move at ail. because i t  is firmly 
Axed to the PC b o d  by soldering. On the other hand, an 
unsoldered lead. which i s  not in contxt  with a pad on a bard is 
vibrated by the air stimulation. This vibration i s  detected as a 
change in alascr ~peckle when the Itad is ilkurninated by  a Imr. 
Sptckle is a m d o m  pattern cauxd by interference of reflected 
l w r  Jight md it.is detecaed on a defa~al  plane. I t  is very 

stnsitive to changes in location or orientation of the lead 
surface. Figure I dsa shows examples of spefkle patrtms of 
solder joints stimulated by air jet. The speckle pattern of a 
well-soldered lead has high conn-ast spots and is not,affe~ted by 
the air stimulation. Bur the speckle pattern of an unsoldered 
lead changes as rhc lead vibrates and is detected as a blurred 
pattern due to rime integration effect af an image sensor. Some 
unsoldered leads which are i n  contact with pads do not vibrate 
but shift, and these speckle patterns also shift according 10 these 
movements. Therefow., shift of speckle patterns as well as blur 
must be extracted from rbe speckle pattern image. 

Wc andysbd thc spackle pattern movement hcoretically 
and experimentally. The amount of orientation change of led's 
toe due to if's shift and vibrarion exceeded 1 r n d  and vibration 
frequency i s  10-20 kHz, under air stimulation at 200 kPa from 

Fig -3 Detection pr inc ip le  

a 20-rnm height and 45 degree oblique diredon. SpecbIe 
movement caused by the lead shift WEE analyzed. Assuming 
that the intensity distribution of speckle parterns kfore md 
after movement are I,(xl.y,) and I,Ix,, y2) respecr~vcly and that 

relarive correlation of I, and I, i s  maximum at (x2,y2) equal 
(x,+A,,y,+A,), then A, and Ay which mean speckle movement 

measure are given by 
28 x 6  

A,=-a,xm-- m ... 
...[I) 

2BxxF 
Ay=-ayXm-- 

m 
where all and ay are movements of the object, 8, and By are 
orientation changes, and 6 is the dtfocal distance, i.e., the 
distance between the image detection plane and the focal plane 
as shown In Fig. d 1141. 

The spocklc movement was measured expenmentally. 
Figure 5 contains the theoretical calculations (l ims) and 
experimeaal vaIues (points). Speckle movements arc 
proportional to the'chmge in  the objb~t's orientation 0, and €$ 
and defmal distance 6. and the experimental results a g m  well 
with the rheoretical calculations. 

CONFIGURbTlON OF THE DETECTION HEAD 

The. configuration of rhe detection head is shown in Figure 6 
and ia specifications are given in  Tnble I. AEI solder joints 
located on one side of a QFP, in  a tow, are detected at the same 

time. Solder joints are illuminated aver a width of 20 rnm by 
the At  laser and are stimulated by an air  jet pulse from two sets 
of  21) mrn wide slit nozzles, which are m g c d  obliquely 
toward Itads. The intensity of rhe speckle patterns is detected 
by a Iinear image sensor. 

Demxed speckle intensities vary motcl ing to the 
~rientation and teflefrivity of leads. Figum 7 shows a histogram 

Fig. 4 C d i n a t e  definition 

Orientation chanbc B, 

Fig. S Speckle movement with lead shin 



of defected intensibts. The horizontal axis shews rhc intensity, 
relative to sensor saturation level. The variation was from 10 % 
of saturation level to over saturation and to dewt all Itads 
adquately with same condition, intensity control is q u i a d .  
For rhis purpose. a liquid crystal fitter was inserted just kfom 
the image sensor, and intensity of each leads is regulated by 
changing the transmittmce distribution of  the filter. 

T h e  configutadon is shown in Figure 6 and h e  
spxifications of the liquid crystal filter are given Table 2. This 
filter has a series of electrode stripes which ace conaolled to 
obtain desired uansmittance disaibution. The control 
sequence of the filter is as follows. 

1) The same low voltage is supplied to all electrodes to get a 
coosranl low mnsmittance ratio h. 

2) The intensity f(x) is detected by the image sensor. whem 
x is  he pixel index of the sensor. 

3) The disajbuuon of transmittance ratio $45) is caiculaed 

by 

Linear imp smwr 

Liquid crystal filler 

Law light beam 

tms 

Air noulc 

Fig. 6 Confiauratjon of a deteethn head 

Table 1 Specifications nldeteclion hea.d 

3MMl 15887 mints of 

aic n o d e  

illuminarion 

~ctccicd inlensit y (rclrr~rvc ) 
Fig. 7 Varlance ofderectpd intensity 

24 mrn wide slit 
120 rns injection time 

area: 24 mm x. 0.3 mm 

where b is #he desired intensity and x is pixel index o f  the 

image sensor which corresponds to a filres electrode 6. 
Figure 9 shows the inlensicy histogram regulated by this 

filter. The range of  intensit~l variation was regulated 
satisfactorily between 0.27 and 0.68. 

smw J 

Figure 10 shows examples o f  detecred speckle patterns. This 
figurr shows the transitional inrensi~y of rhe speckle parems of 
5 solder joints, which are shown in the microscope phorograph 
above. The horizontal axis o f  the figure i s  the pixel index of the 

image sensor and the venicat axis is lime. The speckle 
wavefom of  the unsoldered lead i s  blurred jusr afier [fie air jet 
i s  applied. On the other hand. the speckle waveform of  rhe welE 
soldered lead i s  constant. 

The I& arc judged by comparing the waveforms before 

and sfter. We inaduce a vibration evaluation function G(a) 
which indicates h e  m s i t i o n  o f  the high frequency component 
o f  the two waveforms and shift evaluarion function H(x) which 
indicates the difference between the two waveforms. 

(a) 
(c) Dctwltd in~ensity 

with intensity control 

Pig. 8 Liquid crystal Alter 

Table 2 Snecifications of lfauid cwstal filter 
0.1 mm itch x 5 mrn 360 ixels 

bnghddark 120 (wavelength h= 48Rorn. vertical 
incident) 

transmittance maximum 68 4h (same as above) 
sel a 9 w, AND=0.96 

15887 pomts of 
soIdcr jornu 

11 5 10 
Uetc~red lnlensity (rclPjve) 

Flg. 9 Varlance of  detected intensity 
wlth intensity conlrol 
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Mtctfl dcrc~ts 
Pig. It Rlnelple of nuoreaeencc detectton method 

Mis-aligned leads Solder bridge 
M~cros~ope image 
n n n  

- ._ . 
Fluorescence image lllull 

Fig. 13 Example of detected fluorescence image 

5. CONFIGURATION OF k I N S P E ~ I O N  
SYSTEM 

F i g u ~  14 i l lusmtts the configuration of our inspection 
system. which combines both detection methods. Ar laser with 
wavelcng~b 488nrn illuminates to the objects thmugh a 
galvano-mirror and reflected light is detected by l e  sensor-S 
for w k l c  detection and fluwescence light is dertctod through 
a dichmic filter by the sensor-F. 

The inqeaion sequence is as follows. First. rhe galvano- 
mirmr is scanned. and a two-dimensions! fluorescence image is 
detected, and from this image solder bridges and mis-aligned 
leads are judged. Then, the galvanometer is positioned to 

illuminate the center of soIder joints. Leads are stimulated by 
an dtjet pulse. and speckle waveforms hefore and afrer air jet 
snmulation are de~ec~cd. Emm thesc waveforms, unsoldcred 
leads are judged. These fluorwcence image and speckle 
wltreforms are pro~wscd by hardware which is conmlled by 
rnlcmprfmssors. And a whole system is conaolled by a rninl- 
computer. Figure IS shows a photograph of the inspection 
system, which can inspcct all types of solder joinls at a rate o f  
70ms per a lead. 

Pig. 15 Inspection system 

6. EXPERIMENTAL RESULTS 

Figure 16 shows a tested PC b a d .  whose size is 420 rnm r 
280 mm. Figure I7 shows judgment nsults for the 10,034 
solder joints by the speckle derection method, whcrt the 
horizontal axis of the figure is the vibration evaluator GI and 

the venical axis is the shift evaluator HI. This figure shows the 

population for each evaluator value. The judgment rhmhold 
Sit, WELS a t  to 0.25. AH of [he 44 unsoldcrad leads were 

detected. and 6 well soldered leads were wrongly detected, sa 
its false detection ratio IS  0.0h%. and 9,193 nu1 of 9,990 g o d  
leads are located on Hl=G1=0. The reason for the false 

dete~tion of well-soldered lead is that a lead shoulder of thc 
lend comes into the detection area and its vibration is mistaken 
for that of an unsoldertd lead. 

Figure 18 shows the accuracy of detected lead gaps by the 
fluorescence detection method. The horizontal axis is the aflual 
lead gap and the venical axis is the detected gap value, I f  the 
Lesd height is less than 500 Vm, gap detecrion xcumcy i s  *2Q 
pin. which is sufficient to measure a lead gap and detect a mis- 
digned lead. Figure 19 shows the detection pertorinnrice For 
d d e r  bridges. Metallic wires which had the same surface 
conditions af those of solder bridges was 11scd for the 
evaluation. T h e  horizontal axis Is wire height and the vertical 
axis is detected intensity ratio. Wires are detectable when rhc 
mtia R is less rhan 0.5. If the wire height i s  less ~ h a n  5M=prn, 
25-pm wire can be detec~d. &ecause an ac~ual solder bridge i s  
generally located on a surface of PC board and its widrh b 
larger than 100 p. Experimenral m u l a  g u m r e  almon 



( I )  Vibrarion evfuation function Glx) 
We extract the high frequency component of the speckle 

waveforms. whose pitch is about 4 pixels, by using zbe 2nd 
order differential, which is given by 

Using this differential, vibration evaluauon function Glx) is 
defined by 

~ ~ l Y ~ i [ ~  ~8:. stimulation 
.p:-- 

..- (4) Fig. 10 Examples of detected speckle patterns 

Zlf',(5)1 
{=%-A 

where f,(x) and f,(lr) are speckIe waveforms kfore and nfrer the 
Bcforc alr ~ c f  x 

eir jet. 41x1 lri(a )I 
G(a) increases when spckle waveform becomes blumd by Vibmk Shifi 

the airjet. 

12) Shift evaluation function H(x) A k a  wrjct - 
The difference between two waveforms i s  obtained using a "[ uq; 

simple shift masure, which i s  given by 

x+A 
~ 1 ~ ~ ( { ) 1 + 1 " , ( ~ + , +  )-lFIE~)lP' t(~-tl l l  Fig. 11 Evoluatinn hnclion Alx),C(x) 

H(x) increases when two waveforms are diffemnr at a. 

(3) Defect judgment 
The unsoldered leads are judged based on the number of 

blurred or shifted pixels (see Fig. 11). The number of pixels 
which have larger G(x) or H(x) than each threshold tIth and Gh, 

is counted and the ratio of the number against that of all pixels 
i s  calculated for each solder joinr. We call the ratio of G(x) the 
vihrarion evaluauoror GI and the ratio of H(x) the sh* evaluator 

GI .  The defect evaluator S is defined by 

4. FLUORESCENCE DETECTION METHOD 

The principle of [he developed fluorescence detection 
methad i s  shown in Fig. 12. Fluorescence from insuIatar of a 
PC board 1s excited by short-wavelengrh laser illumination and 
is detected through a dichroic filter. The fluorescence is only 
generated from organic malerial and a silhouette image of the 
solder joints can be obtained. Figure 13 shows a fluorescence 
image and an ordinary microscope image. Although solder 
joints have a specalar surface in the ordinwy image, a stable 
high contrast image can be obtained by flumscence detection. 
The detected fluorescence image is rhresholded and projected in 
the y-axis dimcrion u shown in Fig. 12. The projection 
waveform is c o m p d  with design rules, that lead and pad must 
be located apart h r n  a neighboring pad with at least minimum 
spacing criteria And solder bndge i s  extracted as ae gsp 
between solder joints md mis-aligned lead is exuacted as a 
smaller than expecred gap. 

where suffix R means the evaluator by the right nozzle and L 
means the evakuat~r by left one. 

Solder joints with S larger than judgment threshold level Sth 

arc judged to be unsuIded leads. 



perfect detection of the actual solder bridges. 
Afttr this evaluation, we appIied the rnspccrion system to a 

7. CONCLUSION 

practical p d u c t i o n  line and obtained good results. 
We have developed two methods for detecting defects of 

minute solder joints on a high density PC b o d .  One mtrhod 
appling an external force ta solder joints to induce vibration or 
shift in an unsntderod tead and detects the vibration and shift as 
a change in ihe speckle pattern ~ u c e d  by I m r  illumination. 
The other detects fluorescence caused by shon-waveltngth 
laser illurninalion, obtains a silhouette image of the solder joints, 
thresholds rhe image. then rakes a projection ta determine 
defects, The result shows this new inspection method can derwr 

JOmm 
Fig. 16 A PC board used 

all types of defects accurafely with a very tow falx a l m  rate. 
The combination of these two methods is a useful solution to 

Far judgment experiments 
the problem of inspectrng minure solder jnints on a high density 

- Detection ratio=lW% (44144) 
x 1 of  False alannmtio=0.06% (419990) 

PC board. 
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