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the 1000 balls will inevitably require to discard the full device, or even the whole computer board.

Consequently, the quality, volume, XY location and height of all solder balls must follow a very strict tolerance
guideline. The production output must be 100% inspected for any little defect. Specifically the coplanarity and

height of every solder ball is the most critical parameter.

Unfortunatety, there is no easy way to measure the height of solder balls on an opaque epoxy board. The surface
of solder is highly random colored, dull or shiny, and residues from flux material may further complicate
things. Height measurement requires a camera view from horizontal direction, which is feasable for the outside
row of balls only.

So far, the industry has produced a number of substitute solutions, such as diagonal light or pattern projection
onto the ball, or to the epoxy background between the balls. Those methods all have shortcomings, because they
never catch the height of the very surface point, but from a diagonal shoulder point of the ball. Also, projection
to the epoxy suffers from uneven solder mask thickness, and other epoxy surface effects. In addition, diagonal
camera views suffer from focusing problems and image non-linear scaling problems since different rows of

balls have different distance to the camera, and consequently different scaling effects.
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arrangement of the mirrors and holes, on which the BGA device is placed, a 3D image processing system, and
software and algorithms for evaluation of the evaluation of the imaging signals. The ball XY position and
centering is measured by evaluation of the reflective spot on the ball flat top surface, and the complete ball
contour. The ball height is measured by evaluation of the shadows generated by the balls on the side micro

irrors.
Brief Description of the Invention

Fig. 1 describes the principal arragnement of all components of the invention. The vacuum pickup of the
external handling system (1) holds the BGA test device (2) into test position. The balls (3) are oriented
downward. The micro-prima mirror plate (4) is mounted on top of the inspection module (11) in a way that all
balls (3) of the BGA are inserted into the appropriate holes (5) of the plate. A beam splitter (semi-transparent
mirror) (6) allows the illumination (7) to pass and illuminate the BGA device (2) including all balls (3)

simultaneously. The vertical portion of reflective light (9) from the balls is reflected by the beam splitter (6) to



balls (3) of the BGA are inserted into the appropriate holes (5) of the
plate. A beamsplitter (sem-transparent mrror) (6) allows the
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Fig. 8 shows the side view cross section through the mirror plate, the BGA device and one ball.
Fig. 9 shows a detailed mathematics of the ball height measurement.

Fig. 10 demonstrates the principal camera view on the plate and micro mirrors, including the ball and shadow

cast from the ball tip to the side mirrors.

Fig. 11 demonstrates the shadow cast from the alternate illumination from very low angles. The side
illumination casts a shadow on the opposite mirror. Since the light sources are fixed points in space, the

shadow location is exclusively dependent on the height of the ball.

Detailed Description of the Invention

The proposed method is applicable to any family of BGA devices. It is not limited to a certain class of BGA’s,

or number of balls. In the further discussion, however, I will take a 5 x 5 ball micro-BGA device as an example.
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The outside portion will appear bright, because the light is higher than the ball top height, and will not be
stopped.

This basic measurement principle is realized in the setup as described in Fig. 1 and 2. The system setup
assumes that an external handling system transports the microBGA device with balls DOWN. A camera, beam
splitter and illumination unit is arranged as shown in Fig. 1. It describes the principal arragnement of all
components of the invention. The vacuum pickup of the external handling system (1) holds the BGA test device
(2) into test position. The balls (3) are oriented downward. The micro-prima mirror plate (4) is mounted on top
of the inspection module (11) in a way that all balls (3) of the BGA are inserted into the appropriate holes (5) of
the plate. A beam splitter (semi-transparent mirror) (6) allows the illumination (7) to pass and illuminate the

BGA device (2) including all balls (3) simultaneously. The vertical portion of reflective light (9) from the balls



BGA device (2) including all balls (3) simultaneously. The vertical portion
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Consequently, the camera image of the ball is shown in Fig. 4. The epoxy substrate (1) appears bright, the
soldeer ball itself (2) is dark, and the center flat spot of the solder ball (3) appears bright.

Image Processing

The position and centering of the ball is measured in the attached Image Processing System. The procedure

must be set as follows:

e The camera pixel data are digitized into a frame grabber,

e The IPU (Image Processing Unit) scans the image area for all pixel darker than a threshold TH,
e These pixel belong to the dark ball, but not to the inside ball center area.

e The area center of mass (in X,Y) of the black ball area is calculated:



The I PU (I mage Processing Unit) scans the inmage area for all pixel darker
than a threshold TH, These pi xel belong to the dark ball, but not to the
i nsi de bavo ovenser area. The area center of mass (in X YPCDICHDH@0SB ack
ball area is cal culated: WD 02/ 27267 P6CT/ CHOO/ 00533 6 B AREA = f dm
BCMx) =f x* dnB CMy) =f y * dm  (all black pixel in inage) The
white spot inside the dark ball is calculated for area and center of nass
S AREA = f dmS CMx) = fex * dmS CMy)y =f y * dm (all white pixel

i nside ball) FrorB_ARB&e Jgim nary BhEMaoret) arsm th@ﬁMﬂﬂﬂRﬂ’gdmphysi cal
measurenent results are extracted: The ball size is Size = B -AREA + S

- AREA The ball flat nes@llg‘?ﬂﬁpﬁ‘é]s‘gl@gg - AREA The bal |l excentricity EXX =
S_CMX) - 1Be GMietpot ik the dask KalYiochiculardd f6eMel dndLhRS 6F ds€ al | 2D bal |

measur enent paraneters. Due to the manufacturing process, the ball size and
hei ght are normally correl ated. However, a true ball height neasurenent
may be inportant to exclude irregularitifes in the progluction. True 3D Ball
Hei ght To acconpl i$SAREAe Jtdmue 3D ShEMIx) Rekdldn nmeastME *dmmhe same verti cal
canmera setup is uti Iizgﬂ. Because of the vertical arrangenent of the
camera, all balls are WP’Iﬁeé’"‘fﬁlﬁﬁdeg’Fth ance to the canera, so they all are
wi t hi n theprokl @Rk Briddry psneters, MEFRSWORBRIcA meadWemiEr® rdblits O ExcAéRy " (MVA) for
hei ght neasurement. This array is a plate with integrated mrror nodul es.
A first Tposlsipie 8irsaRd Rt Si"&E&hown in Fig. 5. The plate (6) contains a
grid of tifdali bianddOFGSest 2% Awia t he balls. The BGA device is placed on the top

side of the plate, and the balls appear through the holes to the bottom
si de (viTbapl emerdtrithol eEREs SaCM@@'%JANKl‘?ur Y 5B CM@e Bt Mivor s

(1), (2) fndd nleh) zﬁ%@ﬁ{l&%@%ﬁigﬁl pzrgaz\gters. ﬂlggﬁm nﬁaﬁéetlumﬁ&ass,hﬁsoa@siz%é?@rtﬁ%m@a@@

orientation towar I'T. second possi bl e arrangenent of the. side

M rror s DPERkreRRRtGdnHqwersr, agrue pal] bpj el sepsungrent may e ingpogant fpiexqlyde greguylgiiesjefe  t he
arrangemmmicidss i n the upper left (1), upper right (2), lower left (4), and
| ower right (3) corners. This arrangenent has the advantage of nore space
of the mrrors, but the shape itself is nore conplex. A third possible

ar r angerfrste 8D Ball Heighti rrors is denonstrated in Fig. 7. Each hole has a
drill conus of 45 degree slope, round, and symmetric around the hole. The
conus i trs edcbmglish tHBER 3Dl Ehetihi Beakirdite| the Sifie vdnteall chrgddd setup Bfulieed. Be@xsaotthey t he
same way_as.in the er two | es. Fi g, i.de_Vview S
sect i onx?rﬁ?aloaﬁrga?gefnﬁnégfﬁﬁpercﬁ% Frod lét% %%gl@ tﬁ'?e e @ﬁ%n%é&g\é%g%y%sﬂ% %1 arrg lg,ﬂ t%? aced on
top depth of focus. We propose a ,,Micro Mirror Array* (MMA) for height measurement. This array is a plate with

integrated mirror modules. A first possible arrangement is shown in Fig. 5. The plate (6) contains a grid of drill
holes (5) for the balls. The BGA device is placed on the top side of the plate, and the balls appear through the
holes to the bottom side (view). Each hole has a set of four prisma side mirrors (1),(2),(3),(4) arranged in four

sides. Each mirror has a 45 degree orientation towards the ball.

A second possible arrangement of the side mirrors is shown in Fig. 6. Each ball has four side mirrors. However,
the arrangement is in the upper left (1), upper right (2), lower left (4), and lower right (3) corners. This

arrangement has the advantage of more space of the mirrors, but the shape itself is more complex.

A third possible arrangement of the side mirrors is demonstrated in Fig. 7. Each hole has a drill conus of 45
degree slope, round, and symmetric around the hole. The conus itself is made made as a mirror, so the light

reflects exactly the same way as in the other two examples.

Fig. 8 shows a side view cross section through the mirror setup. (1) is the BGA epoxy substrate, placed on top
of the mirror plate (2). This plate has the drill hole and the ball (4) is placed inside the hole. The side mirrors
(3) are arranged on either side, and a ray of light, as demonstrated in (5) from vertical bottom side is reflected
on the left side mirror, passes the ball horizontally (6), being reflected again on the right side mirror, and
return (7) into the camera. You see that other rays parallel to (5) will either hit the ball, or pass horizontally at

a greater distance.



of the mrror plate (2). This plate has the drill hole and the ball (4) is
pl aced inside the hole. The side mrrors (3) are arranged on either side,
and a raweh2tizght, as denonstrated in (5) fromvertical borAcanveisde is
reflected on the left side mrror, passes the ball horizontally (6), being
reflected again on the right side mrror, and return (7) into the canera.
You see that other rays parallel to (5) V\A|| either hit the ball, or pass
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is a nore detailed mat hemati cal expl anati on of what happens. The |ight
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mrrors, and is deflected into horizontal direction; The [ight passes the
bal |, and ity hiss theidgsvirqss s deflested infpehopzonial Girkgtignt he opposite side mirror;
From here, the light is deflected to vertical direction again, hits the
beam splei t Fhe fight gasets the bellefridsestsashaden profilee thedplhigiogheopropite side 08 et hod al | ows
a very precise neasurement of the ball height. Any variation in height wll
i mredi ateel Erom béra thydisit fisefiicigd to verficat directiph adaiy) lits Bledeakn spiiter ansidy deflesied infpsPede t he
side m rroL, ¥ e, Due to the exact 45 degree orientation of the mrrors,
the change 1n ball width is exactly double of the height change. The
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H=d+e ar@den(adblﬁof'ﬁﬁ nfidi@s, 4 cieh@gpie Ballidtl ® kxactyi deubleaf thomight dmged From this, we
get (Mb)/2 + e This is the true neasurenent result of the single ball
hei ght ﬁmoma&h&i val}aomys th@gingiry phiagetofpais tivi e redof thivkanBradoee, by echnk of the3® caner a
i mage. This ek ssterhng edge detection algorithns and subpixel operation
of the c'llgrgﬁprb stg% (Ton in the side mrror imge (Fig. 10). The

measur eqent \6al ue Mis the position of the dark shadow edge in all four

side nirrors. Shadow Pr oj ection Method Another nmethod of illumnation is
t he " Darronfihig] ik heightl (Hyof rha balloiron( the qpoxybdsy is callbuinteB@A substrate (1) on the steel
H=d+e

and (due to the 45 degree mirror orientation)
a=c=d

From this, we get
H=M-b/2+e
This is the true measurement result of the single ball height from the epoxy basis.

The measurement of M is executed in the camera image. This is done using edge detection algorithms and
subpixel operation of the dark ball portion in the side mirror image (Fig. 10). The measurement value M is the

position of the dark shadow edge in all four side mirrors.

Shadow Projection Method

Another method of illumination is the ,,Dark Field" illumination (Fig. 11). The BGA substrate (1) on the steel
plate (2)and the micro mirrors (3) are the same as Fig. 8. However, the light (4) is now from horizontal angles,
passes the ball, and cast a shadow on the opposite side mirror (3), and reflected into the camera (5). Vice versa,
a second side illumination (6) passes from right to left, and generates a signal (7) in the camera. The position of
the shadow is a direct measure for the ball height. It is possible to arrange a ring of light sources around the
device, directly below the plate. It is also possible to use single point light sources. The angle of incident light

is o.. In one example, the value must be 10 degrees. The orientation of the mirrors (normal vector) is exactly 50



plate (2)and the mcro mrrors (3) are the sane as Fig. 8. However, the

light (4) is now from horizontal angles, passes the ball, and cast a
shadow owo hy212pposite side mrror (3), and reflected intpCT/hdoworses a (5).
Vi ce versa, a second side iIIuninatiqq (6) passes fromright to left, and
generates a signal (7) in the canera. "The position of the shadowis a

direct neasure for the ball height. It is possible to arrange a ring of
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possi ble'to use single point “light sources. The angle of incident light is
a. |n offglee¥apgstide: the val ue nust be 10 degrees. The orientation of the
mrrors (normal vector) is exactly 50 WO 02/27267 PCT/ CHOO 00533 8

degr ees qﬁ@ e} ed beam has exactly 90 degrees orientation and is
directl )75‘ C’Iﬁ% the canera. Other angl es are possible. Seating Pl ane
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arrays, columm grid arrays, and simlar surface nount integrated circuit
chi ps, using a 3-dinensional optical sensor technique, conprising the

steps of. providing a mcro mrror plate; said plate contains a matrix of
hol es for the balls,




and micro-mrrors at the bottomside of each hole; said mrrors being as
set of flat or round mrrors arranged around each hole, wth di agonal

ori ent at ivomp2/zr26et of illum nation conmponents for the bal PET/CH00/@EBES ar r ay
canera, a beamsplitter unit to conbi canera and illumnation in one
setup, and a 3-D inmage processing systemand algorithns to evaluate the

i magi ng signals fromthe canera; 2. A nethod as described in (1), in which
the mcro mrror plate contains a grid of round drilled rings around each

ball drill hole, which are oriented at an angle of approximately 45 degree
to the bal¢l' ﬁ‘l a nethod as described in (1), in which the micro mrror

pl at e has (ﬁﬂ %n'cro mrrors per ball, which are arranged at the left,
right, top .and bottom si de of each ball, and oriented in an angle of

appr oxi NEREf SUBY S degrees; 4. a nethod as described in (1), in which the
mcro mrror plate has four mcro mrrors per_ball, which are  arranged in
the 45 degtBEioA BF FRPERins T R GPIEmadi g H b Rl s HES FAPGRARTIRT ¢ and
ri ght si denofimpacifatrarhdunt integdedairtuizpbiggiudng adniinsengdnal wficabppoaschiiateel y 45
degrees; 5 . SCI | in (2), . i i %?D
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splitter, AT FATITTANMLECRE SRAR UBIA 10 R cAReEany {flumipation houe bl A4 @ 84T bed i n
(2), (3), mscessify systermanttalgotithas iCSBluetathe ingaging sipmlsiiomdhevcandrd; cal | y bel ow t he
device, and a 45 degree beamsplitter nmounted before the canera; 8. a

met hod as Alesddd asedcribed iy @),,in wiichinhd milrotixeor plale uenta&igtmofcanp dilled tingss nmount ed
at the sid L bt WHNALES, rough the
beam split %ugg(\%/argﬁr] alllcaﬁﬁaﬁ’a@.cﬁ%ﬁé &n%%tﬁcg%%aéé‘glag?é’rl ede]%%e%e%@téﬁm%%}} , In which
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si ze and puwehgefl arthe lefiaright.cdenl andotipre side df eacihgll} and pricated inchn gyatapb enpipxigRiely K2 bal |
shape; 10.gged¥et hod as described in (9), in which a 3-D image processing
system eval uates the canera inmage data of the micro side mrror shadows

gener at @d byeddgs RatibedMeiry M whid@tlemdGd SirfoPflalPRS kdut ARroAin&VRE Yashiagaw, and
cal cul ates the hejght of the

| bal | s; Q2/ 27267 PCT/ 00533 1 . a
ot hod e HERER U IR F075 T RO P i BY e T 5E EC BTE TSR Pah i85 | he
bal | XY posidbiicard forag amglédy appeorichately@s deghees ght  position from (10), and
calcul ates the seating plane of all balls, and extracts the ball with the
wor st disst amad by @pritddén @R &), on@), [ wiiea CCD camera is mounted horizontal on the side of the

device, and a 45 degree beam splitter mounted before the camera in a fashion, that the camera views the

device from the vertical bottom side;

6. amethod as described in (5), in which the illumination component is mounted vertically below the beam

splitter, and illuminates the balls verticaily;

7. amethod as described in (2), (3), or (4), in which a CCD camera is mounted vertically below the device,

and a 45 degree beam splitter mounted before the camera;

8. amethod as described in (7), in which the illumination component is mounted at the side of the beam

splitter, and illuminates the balls through the beam splitter vertically;

9. amethod as described in (6) or (8), in which a 3-D image processing system evaluates the camera image
data, measures the central bright spot XY position on every BGA ball, and the dark ball size and position,
and calculates the ball size and symmetry of the ball shape;

10. a method as described in (9), in which a 3-D image processing system evaluates the camera image data of
the micro side mirror shadows generated by the ball height, extracts the position of every shadow, and
calculates the height of the balls;



12. a method as described in (1), in which the mcro mrror plate contains
a grid of round drilled rings around each ball drill hole, which are

ori ent ed vad 0aembes between 30 to 45 degrees to the ball; ®RGI/CHOwetSBOd as
described in (1), in which the mcro njrror plate has four mcro mrrors
per ball, which are arranged at the l'eft, right, top and bottom si de of
each ball, and oriented at angles between 30 and 45 degrees; 14. a nethod
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degree beam splitter mounted before the camera;

17. a method as described in (15) in which a CCD camera is mounted horizontal on the side of the device, and
a 45 degree beam splitter mounted before the camera in a fashion, that the camera views the device from

the vertical bottom side;

18. a method as described in (16) or (17), in which a 3-D image processing system evaluates the camera image
data, measures the central bright spot XY position on every BGA ball, and the dark ball size and position,
and calculates the ball size and symmetry of the ball shape;

19. a method as described in (18), in which a 3-D image processing system evaluates the camera image data of
the micro side mirror shadows generated by the ball height, extracts the position of every shadow, and
calculates the height of the balls;

20. a method as described in (19), in which the image processing system uses the ball XY position from (18)
and the Z height position from (19), and calculates the seating plane of all balls, and extracts the ball with

the worst distance from the seating plane.



