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10 BACKGROUND INFORMATION
Recent design changes in fabrication of area array packages (e.g., Ball Grid
Arrays (BGAs) and Chip Scale Packages (CSPs)) have resulted in a change
in the reflectivity of the solder balls placed on these devices. In previous area
array package designs, solder ball surfaces were relatively uneven and rough.

15  When illuminated by a laser beam, for instance, the uneven and rough solder
ball surfaces resulted in a strongly diffused and scattered incident light. More
recent area array packages are characterized by solder balls that maintain a
smooth and highly reflective surface.

20 Laser triangulation systems for the measurement of solder ball height and
position on area array devices typically use a light emission source (e.g., a
Jaser) and a receiver arrangement (e.g., a laser beam sensor). The laser
projects a laser beam vertically down onto the surface of the area array
device such that the surfaces of the solder balls are il!umfnated. Position

25  sensing devices tﬁen record the position of the reflected light. The position
sensing devices in the receiver arrangement of the sensor typically are
arranged to operate at an angle between 20° to 30° from the normal plane of
the solder ball, but may also operate in a range from 10° to 45°. When the



sol der ball surfaces are highly reflective, as in the case of new area array
devices, the intensity of the reflected |light in the receiver section varies
over a very large range as the | aser beamtraverses across the surface of

the sol dergoldit Ball surléiees atréwdfmyeéﬂé&ﬁ@ a€ReiMRScdgecofaN aréd arrly ghest

el evation) of the sol der he sol der ball surface is generally normal
to the i naevices, thesintensityraf thagetieated light laftheﬁec@w seaionna@ries avee al aser

he ol dorVal a0 ias 85 ik % peaht el Bas BB e Sugtel® & the fbklaf ca back.
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laser beam is strongly specularly reflected directly into the receiver
arrangement. This strong reflection results in a high amount of reflected laser
beam light and a high signal intensity at the receiving arrangement. The large
amount of reflected laser light often saturates the receiver arrangement and
20 consequently the position sensing devices, resulting in poor overali signal
quality at this location on the solder ball surface. Beyond this point, (i.e.
progressing down the sides of the solder ball towards the bottom of the solder
ball) most of the laser light is reflected more horizontally, and eventually
towards the device floor, away from the receiver arrangement and
25 corresponding position sensing devices. A single laser beam intensity may

not be able to provide high quality receiver signals over the entire ball surface.

There is therefore a need to provide a method to accurately measure highly
reflective solder balls placed upon area array packages.

30
Conventional methods and apparatus for obtaining three dimensional object
surface determination, such as illustrated in Figure 1, such as found in U.S.
Patent 4,991,968 have a significant drawback of being costly to produce due



30 Conventional nethods and apparatus for obtaining three di nensional object
surface determnation, such as illustrated in Figure 1, such as found in
U S. Patent 4,991,968 have a significant drawback of being costly to

produce dgehe Auntbériod compomentd usedpAdditionalys dhesé\ddnventioral gystehrse
conventional systens are glépﬁqtto operate and do not adapt to chip scale

packages #edlnipgperatenan rslagt i enipscaleipackaass ysaddodaypr ovi de a

Cunbor son RS ibrorp St e R HEpbinl R g PEbraEFon ° o

present ignmindq)metwrfyo@vofdm abjeet thedid eot cupriseraemid ltthbusegasur e hi ghly
reflective solder balls placed upon area array packages. The objective of

t he pdesent invention may be achieved as 10 illustrated and described. The
pr esent h@?ﬁ’mﬁq relates to the determ nation of a height and/or position
of a sol In one exanpl e enbodiment, a |aser beamat a first |aser

beam i nt elpfy iméref@réian@bjetﬁvatof(tmﬁreédmmvenhbnm p?dméamemh%r bal | on an
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i nt ensi t ya @yl Geid Array ("BGA) or a Chlp Scale Package ("CSP") Light reflected
15 from the solder ball is sampled. A laser beam at a second laser beam
intensity is also directed at (and, thus, illuminates) the solder ball. The
resulting light reflected from the solder ball is also sampled. A position and/or
height of the solder ball is then determined as a function of the sampled light
reflected as a result of the laser beam at the first intensity, and the sampled
20 light reflected as a result of the laser beam at the second intensity. For
example, the height and/or position may be determined as a function of the
sampled reflected light using an optical triangulation method. In one
embodiment of the present invention, the first laser beam intensity may be
under 1% of laser full power and the second laser intensity may be at

25 approximately 100% of the laser full power.

In one embodiment of the present invention, the laser beam intensity may be
changed from the first laser beam intensity to the second laser beam intensity
by varying a drive current o the laser. The laser beam intensity may also be

30 varied from the first laser beam intensity to the second laser beam intensity by
an electro-optical arrangement, such as with a Kerr Cell or Pockels Cell or
other electro-optical light-modulator. Such devices are typicaliy driven by RF
MOSFET devices. The laser intensity may also be varied from the first laser
intensity to the second laser intensity by an acousto-optical arrangement or by
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under 1% of l|laser full power and the second |aser intensity may be at 25
approxi mately 100% of the |laser full power. In one enbodi nent of the present
invention, the |aser beamintensity may be changed fromthe first |aser
beam i nt enafibys combivatieswofdaderdrivelmarent andran agoudiy-opticgd ng a .dri ve
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an 20 ared deflestopackage (e.g., a BGA or a CSP) for a first period (e.g.,
0.1 to 0.9 of
15  The light reflected from the laser beam may be sampled via a receiving
section.

In accordance with another example embodiment of the present invention, a
laser beam at a first laser beam intensity is directed at a solder ball on an

20 area array package (e.g., a BGA or a CSP) for a first period (e.g., 0.1 to 0.9 of
an entire sample period). The light reflected from the solder ball as a resuit
thereof is sampled. For a second period (e.g., 0.9 to 0.1 of the entire sample
period), the laser beam intensity is varied to a second laser beam intensity,
while the laser beam is directed at the solder ball. The light reflected from the

25 solder ball resulting from the laser beam at the second laser beam intensity is
also sampled. The height and/or position of the solder ball is then determined
as a function of the sampled light reflected as a result of the laser beam at the
first laser beam intensity, and the light reflected as a result of the laser beam
at the second laser beam intensity. The height and/or position of the solder

30  ball may be determined, for example, using an optical triangulation technique.
The reflected light captured by the receivers may be sampled by electronics
following the receivers during a small fraction of the first and second period or
integrated over most of each period to capture a maximum amount of
reflected energy and thereby maximize the signal to noise ratio. in this
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an entire sanple period). The light reflected fromthe solder ball as a
result thereof is sanpled. For a second period (e.g., 0.9 to 0.1 of the
entire sanple period), the laser beamintensity is varied to a second | aser
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arrangenment and/ or an acousto-optical arra n one odi nent of the
present i mopisdgfahio, the height and/or position of the solder ball nmay be
deter r{isned based upon the sanple(s) having the best signal to noise ratio.
In accordance with yet another embodiment of the present invention, the laser
beam intensity of a laser scanning a solder ball is alternately varied between
at least two intensity levels fo produce high and low intensity deflected lines.
In this example embodiment, the deflected lines are sampled and are used to
20 determine the height and/or position of the solder ball (using, e.g., optical
triangulation). The high intensity lines may be produced, e.g., using 100%
laser power, while the low intensity lines may be produced, e.g., using 1%
laser power. The high intensity lines may be spaced, e.g., every 38 microns.
The low intensity lines may also be spaced, e.g., every 38 microns, but may
25 fall halfway between or 19 microns from the preceding and following high
intensity lines. These "interlaced" high and low intensity lines may be used
with a projected laser line and a CCD or CMOS detector used in each
receiver; each detector consisting of an array of pixels.

30 In all of the methods previously described, the laser may be, e.g., a
semiconductor diode Jaser.

BRIEF DESCRIPTION OF THE DRAWINGS



15 I n accordance with yet another enbodi nent of the present invention, the
| aser beamintensity of a |aser scanning a solder ball is alternately
varied between at least two intensity levels to produce high and | ow
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invention. Figure 4 is a flowhart for a second exenplary nethod accordi ng
to the 10 present invention. Figure 5 is a flowhart for a third exenplary

method ac gl e Wis'LadWIEhaM: F5t4 third SXeHbIaR method according to the present

invention.

15 Figure 6 is a perspective view of a laser projector, incident surface and
camera arrangement.

Figure 7 is a side view of an incident laser beam reflecting off of a surface of
an incident target and received by multiple position sensing devices.

20
Figure 8 is a side view of an incident laser beam being focused by receiving
optics and position sensing devices.
Figure 9 is a side view of a galvanometer reflecting incident light from a laser
25 beam.

Figure 10 is a side view of a rotating polygon sweeping a laser line over a
prescribed field.

30 DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
Referring to Figure 2, the present invention may improve the measurement
quality of laser triangulation systems 10 used to measure highly reflective
solder balls 20. The present invention may allow solder balls placed upon
electrical components for example to be measured with a high precision as a
6



15 Figure 6 is a perspective view of a |aser projector, incident surface and
canera arrangenent. Figure 7 is a side view of an incident |aser beam
reflecting off of a surface of an incident target and received by nmultiple
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15
A laser beam triangulation system 10 is used for obtaining three dimensional
measurements of ball height 17 and to ensure that balls on the area array
device (BGA and CSP) are coplaner 19 to each other . In an exemplary
embodiment of the present invention, the laser beam triangulation system 10

20 translates both a sensor arrangement 51 and a laser beam 30, 40 over a tray
22 containing multiple area array packages 21, each including a number of
solder balls 20.

In the sensor 50, the laser beam 30, 40 from a pulsed semiconductor diode

25 laser 12 passes through, e.g., a 500 spot acoustic-optic deflector 14 and then
through imaging optics 16. The focused deflected laser beam 30, 40 forms,
e.g., a line of 25 micron diameter spots, 12.5 mm long which is projected at
approximately normal incidence onto the device (i.e., the solder balls of the
device) to be measured. The laser beam is deflected to an exemplary

30 direction parallel to the “Y” axis. At least one solder ball 20 is contained on
the device 22 to be measured.

Alternatively, the beam 30, 40 from the semiconductor diode laser 12 (running
continuously) can be formed into a line, e.g., 10 mm to 20 mm long and
7



each sanple point on the ball surface by several nethods, which will be
descri bed below. 15 A laser beamtriangul ati on system 10 is used for
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optlcs 16." The focused deflected | aser beam 30, 40 fornms, e.g., a line of
25 mi cronfafmaadiner spots, 12.5 nmlong which is prOJected at approxi mately
normal incidence onto the device (i.e., the solder balls of the device) to
be nmeasured. The | aser beamis deflected to an exenplary 30 direction
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device 22 to be neasured. Alternatively, the beam 30, 40 fromthe
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the area array "device. |In another configuration, acousto-optic deflector 14
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data from the other detector). The receiving optics 48 focus the reflected

15 laser beam light from the solder ball surfaces onto the detectors 49. By
determining the relative position of the imaged spot on a detector 49, the “Z”
position of the laser spot on the solder ball surface is calculated by
triangulation. The “X” position of the laser beam (or laser line) is determined
by the sensor head 50 “X” position which typically is accurately known from

20 the position encoders 60 on the "X" axis along which the sensor 50 is driven.
The “Y” location of the deflected laser spot is determined by the sensor head
50 location as determined by the “Y” encoder 61 summed with information
from the circuit driving the beam deflector which may be an acousto-optic
deflector or a galvanometer driven mirror or a rotating polygon device. When

25  the highest accuracy is needed the laser beam position may be sampled at
the output of the deflector as is common practice in scanning devices. The
encoders 60 and 81 track position of the sensor head as the sensor head,
itlustrated as enclosed in the dotted line, traverses along a scanning path.
The sensor head may move along any plane, as indicated, in Figure 2.

30
When a line of deflected spots is used, the detectors 42 are so-called position
sensing detectors (PSD’s) which provide an output current ratio which is
proportional to the position of the focused light spot falling along the PSD’s
length. This establishes the “Z" height of the spot illuminated by the laser

8



i dentical sections of receiving optics 48 and detectors 49. The two sections "
of 10 receiving optics 48 and detectors 49 may be angled symretrically
about the normally incident laser at a 20 to 30 angle to collect data to be

used for | l.atj ; : ] way, in

situati ong%\%hgpgmegnée%gﬁ‘s@??S\/Pﬁeo\*/é%gj/’d@%&g;?tb ?’E@? eoélﬁg%t’g}ﬁgﬁgéﬁ ? garsec'iat a

conf i r mat iline inbbtatvwes frech theéademsbr baad! 50 ‘W pesitidatat thie)locdtien ofthei vi ng
optics 48 focus the ref%ecte 15 | ase be&rl'wp%ght from ilhe sol der ball
surfaces ORIM'simagean thepixelyonihe OF VPRFamera BBLEPrespRd 19 on of the

i mged spelq apy @dgfﬁt et r%rcpﬂr%r’sti@gug%sz/" lr}tﬂg%ats'b% aoﬁroféﬁ.ﬁ% f’a’f%r |i§§% on the

sol der ball surtace s calcul at r1rangul ati'on: SI'ion of the

| aser pearZlwsighbefsadh okthe hdidtealmponstd ililminated e tslaskedlide i " X' position
which typically is accurately known from 20 the position encoders 60 on the
"X axi s &etgingd by the posiinas the imageof thenndividital peints epdherCBrort he

ot er m nes 08 oRela nShEHECAbA Bnaiob ing JO R " TOEpuH UinBSAE &7 c.i
driving t ligo bameralePresEssing Bleetroniey 87emay afseobe irchwddd i a\a/r\ﬂeié@glﬂ or a
en e

gal vanoneter driven mrror or a rotating polygon device. hi ghest
accuracy embasiment, wherslisibe eleelienies can secaids obtput &ipsn eamponentse out put of

and 6101 ; SURh 583 CEHERTa Begih &2 RERATLEIARK RPN R @ FORISTT 21 o o

encl osed ifornidteuitablecfr UsBvith & @vaipesr AdPNg a scanning path. The sensor
head may nove al ong any plane, as indicated, in Figure 2. 30 Wen a |line of

defl ected spots is used, the detectors 49 are so-called position sensing

detectors D_s ich proyide. rrent ratio which S

proporti orygﬁg'?g c)ﬂ[?gﬂﬂ%g? ﬁ?%r(é g&%ﬁgggbgﬁéé%ﬂﬁu ﬁpes%gqtﬁﬁqrﬂabéﬁ‘ong t he
PSD' s | engé Benddti 50 Ridyais, iesge e or CMOBtahéradl Hére, ropositiby of it ed by
the laser 8 beam Wien"a laser line is projected, the "Y' position of a
poi nt 16n tmdividualpoints on the focused line on the camera surface determines the “Z”

position of the surface points being illuminated.

Regardless of the type of detector 49 in the three dimensional sensor 50, low
intensity signals from the top and sides of highly reflecting solder bafls 20 may

20 yield poor quality data. Additionally, high intensity signals from the specular
region of the balls may saturate the PSD’s, cameras, and/or of the following
electronics.

In the first exemplary embodiment of a method 200 of the present invention,

25  according to Figure 3, the solder balls on the devices under test 205 (area
array devices) are illuminated by a laser beam at lower intensity 207. The
light reflected by the solder balls as a result thereof is sampled 210 (resulting
in a data set labeled “low”). The laser intensity is modified by a controlling
device 211. The solder balls are then illuminated by a laser beam at a higher

30 (e.g., "high") intensity 215. The light reflected by the solder balls as a result
thereof are also sampled 220 (resulting in a data set labeled “high”) 221. in
one example embodiment, the “high” laser intensity is full, 100% laser power
while “low” intensity may be 1% or less of full power to prevent saturation.
Although the “high” and “low” laser intensity is provided as typically full, 100%
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line is obtained fromthe sensor head 50 "Y" position and the |ocation of
the point's image on the pixels on the CCD or CMOS canera that correspond
to the "Y' axis in _the receiver's image. In the case of a projected |aser
line the IBsszpower ghd lesis thaoH %n‘ult pewenlaser irdensityo bther uaﬂtlesmmtm by the

| aser line_i ererm ngd hy Ilon of the.i e .i ndi vi dual
poi nts onY¥ Q‘FE l@%}]ﬁtm ‘éﬁ%?% Hh'@r!ﬂ lager | na@etpegptﬂ% Lt o the "z
(dept h) '{gﬂ},ﬁ!, t he canera. Proce55| ng el ectronics 87 may aI so be

i ncl udeddilhn an géveér?r{")l ary enbodi nent, wherein the electronics can receive

out put from conponents, 10 such as a CCD canera device or a PSD and convert
e for use wwth a conputer 100 When

th { t i gital Az

a goﬁ?ﬁ ﬁ r}l'ﬁtﬁgs%lé?fiﬁygl}’%g? NEM q?tlélé'nggm‘? deye cHeent ioeget ectors 49 in the
ensor 50, q?& ggf.)ﬁ,‘ the 15

;Snd;sw dua?é@)gpﬁtagc@ﬁa cﬁe cﬁég | n%Rgﬁ! rtﬂ’h% djgér‘r'eapathga aéﬂ%‘ﬂgre?é‘h nes the

"Z"  posi Opticalohodlilatisn of theelager imtendity byelettrowptistordicoBeaopticess of the

type of detector 49 in t t hree di nens onal sensor 50, low .intensity
S bl iGRRicNes Ry Als 159 WRAToASH BRI SEATRE ddhadv-Cidelsioro may 20

yi €1 9 POOf4 WHgldeoflfisa mAld dek A Bhakim o S L IShior gl Bsdy om e

specul ar ré atura caneras, and/or of the

fol | oM ngbeawheaﬁwelhas:provldeuhﬂaeﬁnedsmsemopl(aeyaerrmnblerrmfm anffica et hod 200 of
the present invention, according to Fi gure , _the sol der balls on the

dev: ces uﬂ'ﬂ%ﬁ'%d@“ﬁ@ﬂ"t@ E‘C&eré‘?ym%t@ )Tbﬁé\ﬁfﬂ%ﬂﬁ%@ft M3y a | aser be?m
Cher cof | 1 KA opYcd onsHigsiop; dbanifly bPAt IBEs(0% MycE el Girsctioly *, Lo0 ¢

I nt ensi t yfora gmd[l f(aﬁatldns ia lasartwaldlength..devi ce 211. The sol der balls are
then illumnnated by a | aser beamat a higher 30 (e.g., "high") intensity

215. The light reflected by the solder balls as a result thereof are also
S e el by Bt rd et R WO g oo

the electro-opticat elements to achieve the desired results, The electro-optical
modulation systems may provide for a high bandwidth capability, and fast rise
and fall imes. Transmission ratios may be greater than 85% for efficiency of
modulation.

20
In the first embodiment of the present invention, total data acquisition time is
doubled, as cbmpared to a single scan process, as a result of the two
complete scans that are performed for an entire tray of devices; one scan for
each intensity level. The data sets obtained from the “high” and “low” scans

25 may then be combined by choosing a sample from either the “high” or “low”
data set at each sample point according to their relativé intensities and signal
to noise ratios. In the example embodiment, the point from the data set that
has the highest non-saturated intensity value is chosen. A final data set then
results from the data chosen. The “X" and "Y” values may be obtained from

30 the sensors and may then be used directly for the determination of “X™ and “Y”
components of the solder ball. Triangulation 240 such as optical triangulation
may alsoc be used to determine the “Z" (vertical component) of height of the
solder ball while position encoder readings of the samplings 230 may be used
for the” X" and “Y” components.
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while "low' intensity may be 1 %or less of full power to prevent
saturation. Although the "high" and "low' |aser intensity is provided as
typically full, 100% 9 | aser power and less than 1 % full power |aser
intensity, other values nmay be wused such that the "high" values are higher
in | aser Itrsheokl bg notechtHat althougls the flowicteart of Fig. 8vsHosvs Scamimy usingensi ty may
be vari ed ering the drive curre e ., sem conduyct or di ode | aser

b | to.t
and/ or th@%ﬂg‘ﬂ‘ﬁ Infensityjeser Be@rﬁéf’rﬂ@(ﬁ&ﬁ 'g&gl’g'rlntfmﬂty r OgaMSaeANd:i on of

the | s ! ' . - o ; |
bo used | R'GPEOUrSE msIE®s Soarbiih tne nigRRIFRRASIONGREr b4 HGRIREHERY B 20, ,
may pesf i tlow" intsnhsityriaseg beanf secondatAdditioriallyhelthaugtt illiStrbieginares wel | as

provi de a defined resolutjon (i.e., nynb of specific directions in

whi ch t hedggenhed as ﬁfﬁ@i‘%ﬁ@r‘%ﬁ%ﬂ% ﬂ'l’f@o%\ﬁ@ g@ F‘@ﬂ?&Pr 14 angrecBANG an opt i cal
transm ssj I kely %e: ' o ' 4.or a smal |
vari ati ongﬂ'lgﬂgelg%glrt b%@%%ﬂgﬂ?hfe%ﬂ@ﬁ@ﬁ?%p@%a ehﬁ&&ﬁgﬁ gﬁovs@/@éems may
use RF MOafdshtroftinigrdevies whichdeontmls indexirigeand movemerdlof ¢hetraps apbn achi eve

the desired,results. The electro-optical nodulatjon systens nay provide for
a hi gh baWdighine saldenbalis gre placed asthe mouementiof the lagerb or Pplthsni ssi on

rati og, m 0 | Cl f t.j 0 In the
st Tmob i iehoR e pBafafindHePicear 52 R & e TREM BN o T e <
doubl ed, abtputopdiehses 12, tHengheali®ingr vartstion sflaser isamiintehsithe two
conplete scans_that are perfornmed for an entire tray of devices; one scan

for eachlevelsedhie grocese maye repaaied sver e entie urfaeemof the seldgnbalhnd "1 ow’

“Tow  dafireby BioARIfR SRl Ao ing RAOR B8 o Rlsohb bl BRI cndl i ot

and signabaflto noise ratios. In the exanple enbodi nent, the point fromthe

data set that
15

Referring to Figure 4, in a second exemplary method 300 according to the
present invention, a fraction of the normal “laser on” time, e.g., a first period,
is used provide a laser beam at a lower laser beam intensity at the solder
balls 310 and to gather data from the resulting reflected laser beams 320.

20 The laser 12 may be operated at a reduced drive current to generate the
lower laser beam intensity. The laser intensity is modified by a controlling
device 321. In the remaining fraction of the entire sample period, e.g., a
second period, the laser 12 is operated at high laser beam power 330 creating
a high laser beam intensity. The reflected laser light is then gathered from the

25  high laser beam power 340. The second exemplary method according to the
present invention may be used for spot scanning (i.e. single point scans) on
the surface of the highly reflective solder balls as each point on the reflective
solder ball is illuminated by two different intensity laser beams and the
corresponding reflected light sampled. The initial fraction of the “laser on”

30 time, the first period, for low intensity may be set, e.g., anywhere between
1/10 and 9/10 of the entire sample period 345. The "high” and “low”
intensities may be, e.g., 100% and approximately 1% of full laser power
respectively, although other values may be used. Additionally, other fractions
of “laser on” time may be used and the described embodiment is merely
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has the hi ghest non-saturated intensity value is chosen. A final data set
then results fromthe data chosen. The "X' and "Y" val ues nay be obtai ned
from 30 the sensors and may then be used directly for the determ nation of

"X' and " Wustratveentia sotehtisihserivlsterbeddddd. Erebﬁbmﬂt%tdhlf&bo%fb-éldﬁ@_ as
e

optical tri an?u[atlon ~may al'so be used to determne t "Z" (verti cal
conponent Masiulatisingechoiquesanay slsgdve used tawanydhe everalblasenbeamr readi ngs of

t he sanpl iings. .23 be used r, Lhe" X" P G of0) ents. 10 It should
be. not ed ARSI (WEGHHHARS 14 seedte eGpmigny Menad g PERERANAeR Tng < he

"low" i nt gBRbsYONGIAG to BEEMHE IG" é‘iﬁtﬂi“ﬁi?ﬁ" labeobeamBcisH ihterlsfty 8cakgam second,
it is of course possible to scan with the "high" intensity |aser beamfirst

and thg 5are fometiatelysvajlablesor use fon eachopresitioxan the refladjive sotdesugh
illustrated,a desgribed, as ving the lLaser 12 andior the NO deflector 14
and recel Dhlkg Etef & e e 8 0T BsblBraf e ipRai Grans A hSs b o

i ncl udi ng u@é@‘&kﬁ'f69p0§ti§ﬁ%bbﬂiihét%§ Mﬁr%tﬂ*ﬂh@‘bé%tﬁréﬁ'fér yg&lexi ng and

nmovenent of the trays upon which the solder balls are placed or the
nmoverent &dditiomallpdbe deta sisedonay be@ iHended data et whereirothe blehded) devi ce can

2 var | at SREpeis dBRVEd b fiobing gta HeME 6 el Sigrl 6 0ofse, W repeated
over the @frded s%ﬁﬁe?\?ﬁe%‘eri?«@& tﬁl%'u%ﬁrthé%é’of lcglgfjﬁﬁ%%?cﬁ%% sélatg about

the entire positional” relationship~of the so Referring to
Fi gure 4, thenbestsepresbniatslephanisahmratendeioctedo@buat abtaired frem ‘highdent

I nventi on, Jraction of the ngr "l aser. on' tine, e.g., a first period,
i s used plaﬂai Mj@%{g&arﬂéﬁtﬁﬂéﬁy ggflet?\%?s'l iE@tdaB%H?ﬁMW§ﬂ¥P?’W 8t the sol der
ball's 310 q¢Hd t ukdel B I eans 320.
20 The | aser ?yﬁgiéﬁﬁgggég?@ ggatrﬂaé??g%étdér ?‘e\ygf'cﬁﬁ%e tléﬁﬁ?ggﬁerate t he
| oner | asenaybalsobentsatsia getefthing thedreighttaftise sgldies bat) suffaeds,similactont rol | i ng
15 the first exemplary embodiment. The process may be repeated over the
entire surface of the soider ball, thereby producing data about the entire

positional relationship of the solder ball.

Additionally, for some semiconductor devices, the laser beam intensity of the

20 first period can be either provided at a “low” or *high” intensity level, while the
laser beam intensity of the second period is provided at the opposite of the
laser beam intensity of the first period. For semiconductor devices that
require a recovery period after saturation it is preferable to provide the low
intensity beam first and the high intensity second with an additional recovery

25  period during which the laser is off following the period of the high intensity
laser transmission.

In accordance with this example embodiment of the present invention, a total
data acquisition time may be equal to the time used with a standard single

30 pass inspection using a single laser beam intensity. This example
embodiment thus can be quicker than a dual scanning technique. In the first
exemplary embodiment, a controlling device may be used to position either
the individual solder balls (by controlling fray indexing) or position the laser 12
and/or A-O deflector 14 and receiving arrangements 51 as well as the laser

12



device 321. In the remaining fraction of the entire sanple period, e.g., a
second period, the laser 12 is operated at high | aser beam power 330
creating a high laser beamintensity. The reflected | aser light is then

gat hered fpam Hf%sﬁ. Wi cdtRind 8aee MY aldd GonfrBPia3er Begnfxenpl ary net hod

according to the esent 1 nvention may spot scanning (i.e.
si ngl e pommaduationsthrough cortralling softwafe.t ke lcogtrolfing efeviost may tegifoler bal | s as
each poi nt og@he reflective, solder ball is illum nat two different

b
7t enei ty SKATBIC GLGRTEPIRY, & FUCTSPSESn AN ABPIGAHDE SPEUTIC GHIPUIE! ed. The
i ial T HgGhR dtfor GmplitigteEs AAidMvelBares! period. Tor Tow
t,7e. 9., any e

Intensity may be set, nywher e ween and 9/10 of the entire
sanpl e5period 345. The "high" and "low' intensities may be, e.g., 100% and

approximately 1% of ful], | aser power . respectively, .although_ other val ues
may be usk&gl};ﬁtﬁﬁm"%ﬁlthw ege a’Wrrﬁﬁ'ihPQr‘@% fIGf def ingthedieightmy be used

and the d | @w | bV, f nti al
peri ods t%agyedrﬁgjeg(l} ) e(;[{@%g-todgﬁ %aégll %%lgé%%%éd(;ea {)@tann%rgal ag['%%é\?%%hni gues
may al so sachasd BGA/ar $SFheAsirettad previvesly destnibed xenmlayy métiedsysi ng t he
second exenpl ary net hod, , t he gositior] val ues corresponding to both the

"l ow' and thhlb Fﬁﬂqcﬂgéﬁok@él’ﬁaﬂ RER Provided Pﬂﬁns%r&ﬁsar@bh?%ckaﬁﬁeﬁl Gty

bl _ g . 0 Eith
of "1 g0 | S i BB ibeRod e Monlbr R Rcb B RiAER RRRERIM RS, o 01T or
posi tion muﬁemhaglb%dbmwcbmmd kethel frselivd exemphary misttiodis onal |y, the

data used may be a bl ended data set wherein the bl ended data set is derived
by choosi S§sadbed.nYariation abthedasescyrent ansl/erork dlrivenower toithade® set nay be

e e MeHERr A o o RO UL e EBR B o+ o
| aser beamottihhighsidwer &id W power laBee lifgd proviledo® the - deflegtor 42oDry, for
exanpl e a conputer har isk, for retrieval. Triangulation 360 may al so be
used 18 déitematively, stheronfical produlationdieabniquas maybe ysed to produce theo
typical “high” laser beam intensity and “low"” laser beam intensity lines. Inan
exemplary embodiment, the *high” intensity lines may be 100% of full laser
power and the “low” intensity lines may be at less than 1% of full laser power.
As will be understood, other laser beam intensity power levels may be used.
20
In this example embodiment, the “low” intensity deflected lines fall between
the normally spaced high intensity lines comparable fo interlacing on a
television screen. For example, if the “high” intensity lines are spaced every
38 microns, then the “low” intensity lines will also be spaced every 38 microns
25 from each other, but fall haliway between or 18 microns from the preceding
and following "high” intensity lines. Scanning may then proceed wherein the
“high” intensity laser beam lines and the “low” intensity laser beam lines
progress over the surfaces of the solder ball surfaces 430. Data points are
developed over the entire solder ball surface of both “high” and “low” power
30 scans. In this exemplary embodiment receiver section 50 then detects the
reflected laser light from the surface of the solder balls 20. As with the
previously described exemplary methods, the receiver arrangements 51 can
store either or both of the high or low reflected laser beam light data sets for
storage. The positional information obtained from the scanning and the
13



15 the first exenplary enbodi nent. The process may be repeated over the

entire surface of the solder ball, thereby produci ng data about the entire
positional relationship of the solder ball. Additionally, for sone
sem condugb8itiof¥Hcetsrs 60 @nb@leéarbaemseﬂtda@&ﬂy w50forisefected datd poinker i od can

be either provided at a "lo " intensity level, while the |aser

beam i nt eg8nte uﬁectiﬁ@rrs@thaﬂ@rp@m @ﬁtheshlgh@wdd@w lasenintensifyssans. &6 t he

| aser bean1|nt nsit f, th ri o Far enlc oL de i ces that
require a & Tegy ’eq 3}3]%%8‘?@)83%%%?%%%5%&?&89 952 %su&tr‘gqg &flﬂ %PPW ‘?)r ovi de the
llow int eg&hévaté@arrhbl Bishdéd datd$eths btdinéE e YortRAR sofvArewhadi t i onal
recovery Z5 period during which the laser is off follow ng the period of the

hi gh i fit ecompares theedater sais of the '3T'9h"l anchd@w‘r datacsetaiant can selesteithies

enbodi ment__of t pr sent . nyention, ta ac |S|t|ont|rre may be
equal to ChEOPF To Wettrllno g?é‘ﬁﬂfﬂ? ?'}?5#8”3 5@?@ ? ROFEIEH8n using a
single 'a%lﬁfa BSME bﬂém&'éev asTah%xamﬂ@Its proVIE ok ‘M ehdegn be qui cker

than a dual scanning techni que. first exenplary enbodi nent, a
cont r ol | i egortinatecrakigs béthewﬂderobaibsz& i Dirosigh roptical tiangulsitiondtha “Zol der

def 1 ect o OF ISt celselatin ior 1 Shigermof beBPidr i 30 e (3180 Pacer 12 beam
| ML engyty caatbame00! Al BENAUHE o I hORIGRBHE el LA BT 2L o7

t hr oug I'ng software e contr I ng device nay exanple, a
conput er, aaamlgenmntsﬁésmrbe aimreqbahdmocmeslpn'cafcompmatpwm n@'hedew ce or

th t d | | ustrat Fi 5 sh third
exermpl ar y CREIRRY T2y beikeed AP PR GOTHAITBSNICE Breond BSOrTi on of at | east

| d ; ; CSP.
one sol deinialLigostdy d@ﬂ@ﬁin@%éma%‘éreﬁ\o%ﬁ%\ﬂt Ry reeeiorssiticfiad. FY, o

in the preV|oust ScCri exenpl ary met ctrve sol der
bal | s ar e cpntrollidgdiaviceamagratso be mayigrapiloagssarldr.an application specific

15 integrated circuit.

Finally, the “interlaced” high and low intensity lines can also be used with a
continuously projected laser line formed with the use of a conventional
cylindrical or equivalent holographic lens and CCD/CMOS detectors. Here,

20 the intensity is varied from high to low for alternating lines by for example,
changing the laser drive current. Other optical modulation techniques may
also be used. The process in the third exemplary embodiment may be
repeated over the entire surface of the solder ball, thereby producing data
about the entire positional relationship of the solder ball.

25
In all of the exemplary methods described above, the “low” received signals
and the “high” received signals for each sample point on the ball surface may
be analyzed by a simple processing algorithm which may, e.g., select and
report out the best quality signals (unsaturated signal with best signal-to-noise

30 ratio) for the “X” and “Y” positions. The highest amplitude non-saturated
signal will usually have the best signal to noise ratio. The best “X" and *Y"
positions may then be used to determine the “Z* measurement from
triangulation. Subsequent analysis of these best data points on the bali
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10 the third exenplary nethod, the nunber of acousto-optically deflected
| ines produced may be doubl ed conpared to the first two exenpl ary nethods
described. Variation of the laser current and/or RF drive power to the A-O

def | ect or shdadd niynaBIdORoreS atbcufats bnd répedtasiBiAlasforale Besisgd to produce
bot h hi gh power and | ow power |aser |lines provided to the A-O deflector 420.

15 Al t er nfaasyregmentshefrbalbheighi anball goplénatiychni ques may be used to produce
the typical "high" |laser beamintensity and "low' |aser beamintensity
lines. In an exenplary enbodinment, the "high" intensity |lines may be 100%

of full | agditionafyetheddthtionef tHeolwber ME e fandlafies spRenPadiod ess than 1 %
of full |laser power. As will be understood, other 1aser béamintensity

pover §eviémplemanted inissg., softvvare, aiicuiiryeandipr @ comhigatinmof bothe " | ow'
intensity deflected lines fall between the normally spaced high intensity
| ines conparable to interlacing on a television screen. For exanple, if the

"hi gh” T niyefifd the dHVRSIGIRipHBATRE R WritteiPadrElbhAg to bﬁﬁlfﬁbé he "I ow

intensity lines will also be spaced every 38 mcrons 25 from each other, but
fall hal f dipensionaldaser systemi 10 vsing far singlemormally dnttident laser 12y dthei ng " hi gh”

intensity |ines. Scannin t hen proceed wherein the, "high" intensity
| aser beaﬁV?tPH'bgsméM%’QHigd'%ani?ﬁaéﬁglpt 6 SRe CB@%'HPT&% Uﬁ%r‘g)d?' s over the
surf aggs tefdy ' d over
the ot r ond IR RSl SralS HohR Bkt Bprts it e Bull BrALS mAHEleag . o'l
t hi s exeniflthe $hreetdiciemsiunal systeneuseasea positich Genbing dieteettroricameraef | ect ed
| aser light .fromthe surface of the solder balls, 20. with the previously
doscr i beq MatIBFRIE #eViRe uradngonBely vad antimgs fesriebesm oAheagior o of ¢ her
or both o ATals¥ e e@ﬁ’ﬂ? j : r
st or age. %ﬁg&glgts%l @ﬂgﬁ{gd@\#&ﬁé@ﬁ%ﬁ&l%@eﬁ lE\ne ro#:%gl cgﬁﬂléﬁ)gé%én the 13
posi ti on @veatienprédtdemicibibds dor imeassrnl) rifleetivé gufadesthemfectithe dat a points
b d i th bot h..of .t he high I I i nt i t :

f@“ 5 us?net%gén p%\;ideeé a(r)é no{) Itlmité)d to meeas{J ng %gl%er %\z/avll s%?f%&els,%uetq'g{hg Seans

all reflective surfaces may be measured. The systems used to determine the

positions may also use multiple lasers to produce the “high” and “Jow” data

points.

20 The example embodiments described above are presented in the context of
varying the laser intensity of a single laser system. Of course, it is possible to
utilize more than one laser (e.g., of different laser intensities).

As provided in Figure 6, a perspective view of the relationship between the

25 laser, the target objective, and the receiving arrangement (camera) is
ilustrated. A laser (projector) 500 may used to provide a light plane 510 to a
surface 515 of a solder ball, wherein the surface 515 consequently reflects the
incident light. The reflected light is detected by a receiving arrangement, in
this exemplary embodiment a camera 520. The projector 500 may be

30 positioned at an angle away from the camera 520, as illustrated, or may be
located within the same plane. Moreover, as described above, the laser
beam may be reflected onto the surface 515 of the solder ball, through the
use, for example, of an A-O defector or other arrangement. In this way, the

15



a result, a blended data set nmay be created as a result of the data points
generated. The bl ended data set is obtained fromcontrolling software which
5 conpares the data sets of the "high" and "l ow' data sets and can sel ect

ei ther omprojaer 400 iummaies tdtaeget, Hﬁﬁué%rﬁ?i@hﬁé&s@lﬂfé 56Mefb8MFHr L 0 NOi se

ratio data points of either set, as an exanple,” to provide for ‘the "X" and
"Y' coor deading by gemess or Ageseivingramangement. 5 1rhr ough opti cal
triangulation, the "Z" or height calculation for the surface of the sol der
ball 20 may al so be 10 cal cul ated 460. Al of the data fromthe position

encoder s Gﬁaﬂaﬂmewlé&eﬁm@wvaﬁbo@maﬂwwp@séﬁt ﬁﬁ@nﬁ@nsl’:@ﬁ@ﬁ‘ﬂéwﬂéé’cessw on
a conputer 100. The onputer 100 may be used as the control I'ing device to

controb | aﬁtdtlplemismneta, dﬂﬂludlﬂayﬁ Wniﬁﬁl |Ch§nla¢icﬁafh§mt canvbersnaxiahdithecei ver

t 5 h troll b
2ppl | cat i dhe B3es EBM. Bt kBd SRS o A o2 Hind A PREN B BXBede™ "hi g1
and |ow i e 'cﬁfréhclw sai@er Al 6R0SHuriNg $LERRing. tﬁ@las@?ﬁbhﬁﬂﬁi&?at?é proj ected

| aser |ine t he use of a converitional cylind or equi val ent
hol ogr aphibouneed offraf teeBUARDS of thesoidesbalHeD@ and(foczhmd threngh tvyo silevari ed

o ve cur ieal eHEns GIDarH] CoQ0ic e ForeN BaRAnGe ey Sud 88 Pastaled. The
T ace o T Rmo M s oA TR R ué‘f‘ﬁzﬁfﬁ%ﬁ@%?%?ée*ﬁée;nt re
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adow effects, incliuding, but not limited to, multiple ¢ annels side
configurations. The use of multiple_channels may be used in all embodiments

of the present invention to reduce potential shadowing effects.

Figure 8 illustrates an exemplary embodiment of the present invention, in an
20 exemplary vertical plane wherein the position sensing devices (or CCD/CMOS
camera) are focused on the laser beam or light plane. By focusing the
position sensing devices {receiving arrangements 51) on the light plane, the
image obtained is sharp and may be used for determination of position. The
receiving arrangements 51 are controlled through the use of a computer, for
25 example, to maintain optimal focus. Additionally, focusing optical
arrangements 48 may be controlled to focus the reflected light onto the

position sensing devices (receiving arrangements 51).

Figure 9 illustrates a galvanometer 700 which accept laser light 710
30 generated from the laser beam, and focuses/changes the direction of the
laser beam toward the object 720 to be illuminated. Additionally, as
presented in Figure 10, a rotating polygon 800 may accept laser light 810
generated from the laser beam, reflect the incoming light and sweep the
reflected laser light across a defined field 820 of illumination thereby providing
16



positions may then be used to determne the "Z" measurenment from
triangul ati on. Subsequent analysis of these best data points on the ball 14
surface may yield nore accurate and repeatable values for the desired

measur enme t FoA MR balidh i kddePn he control
of the Ias%gﬁkggnndb%ﬁgrétb?aﬁglbgta?gﬁ s&t ggnm%g@%eér@ pgrrgllkéeg%n‘tqletgd?%ﬁ e.g.,

sof t war e, ilustrated ay refledting laserdight bytthe nisefof bagdivanameter AQforadbove
description _has been |t as relating, to a three i mensi ongl . | aser
Syst em 10 etAg PaNEoRdd, dRadiel e atiinciniuss obrefadian s dobhe my be
used. As %ﬁ‘afﬁérﬂ%bﬂ,anHﬁﬁeﬁlﬁiﬁra?Qd‘%hﬂﬁfo@\héﬁﬁsaré%Q}%ﬁ Bkéﬁ?ééfg.aa”d "l ow’

intensity signals fromdifferent parts of the ball surfa y be used if
the thPee di nensional system uses a position sensing detector or canera

that vt everte et Bferiis AR, 1B 0oy feient aegnheam or bears

acconplish triangul ation. ly, t me S accor to the present
i nvent i on refieotivéesotdartbadlsurfaceswesioh inmay bebhgrocess tvayd and elediticaief ore the

15 net hods BKOVi ded are not limted to Hréasuri ng sol der, ball surfaces, but
rather al@quiIneRls SUIGR a8 IMICERRIACEESPH UNARIIOIRGManyfRCYRg o fheused t o

det erm ne i i ' ; -t he "high"
and 1 ow: “0eioR S5 e B8R ARcR 13Se BFarihiehaniomStibes BYELESHEIS,

pr esemnd ed devicehallonafoe atcurfate posiiongl readingesfahe isalderddllg, shcrmasixyl e | aser
system O gourgf,, it is possiple to wutilize nore than one |aser (e.g., of
di fferent Yad8g £nenpphetts)of the syrface gbthe spidenbalb herelp fos uskrewnve vi ew of

the rel ati ' | ' | \.e t he

recei ving %%g\é%g@\?ﬁ%a%@ewa ?’g eﬁﬁﬁ@?b@? é%&%ﬁhp%ﬁé}%ﬁ' %%'r\éb}heegegf) 500 may
used to prafloivieg manhuffuturersiteabddnplistraccirateaneadliznaénts of ebldes bad! |
wherein the surface 515 consequently reflects the incident light. The

ref | ect ed Surigaes withgut expending significast {inaacial-swmg éradditional t hi s exenpl ary
embodi genty g GAORY e BresbREi/eRtiGH Fhet IR cBfpliant with newer area

array designs, therefore the method may be used for a great number of
existing equipment types from different manufacturers. The present invention
may minimize potential short circuiting of produced components from
inaccurate placement of solder ball components. Additionally, the present

20 invention may provides more accurate measurement and/or placement of
solder ball components before solder melt thereby minimizing thermal strain,
and alleviating fatigue failure of components. The example embodiments can
be used with any solder sphere structures, for example, 90% lead/10% tin
structures as well as other eutectic solder fillet structures. The solder ball

25  spacing may be any spacing between components, such as .80 mm, 1.00 mm
and 1.27 mm as non-limiting examples. The accuracy of the measurement of
the present invention allows for a tight spacing of components incorporating
the solder balls due to the high accuracy capabilities of the system. The
present invention provides accuracy of measurement such that tolerance of +

30 5um can be achieved. The present inventive method may also achieve higher
measurement accuracy if needed by using higher accuracy laser development
equipment and receiving arrangements. An additional advantage of the
present invention is the use of a low power laser which prevents solder ball

reflow from occurring as a result of high heat buildup in the solder ball. The
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30 positioned at an angle away fromthe canmera 520, as illustrated, or may

be |located within the sane plane. Mreover, as described above, the |aser

beam nmay be reflected onto the surface 515 of the solder ball, through the

use, for meumjbtaccofding té\tHe prfseat menﬁomttherefare magermmadvdmagdof way, the
15 proje Qr SgP illumpates t e tar8® p this exe ar case the sol der

bal | 1 orboig 2leg q;g;erate;ra%m G126, 0k baligs the BRYEsve!sdsed famnot her

exenplar t 7 provides 5 nultiple
channel syoeleg@ﬁﬂ ﬁﬁg wﬂéee%pﬁgfﬁ\ﬁﬁﬁﬁ clbnﬁ%%%?atrg@%ﬁ{ e coaxial with the

| aser beam that can be used to avoid shadow ng and obtain an over head

i mge of the solder ball 600 during scanning. The | aser beam nay be bounced
of f of the surface of the solder ball 600 and focused through two side
optical systens 610 and 620 onto a receiving arrangenent, such as position
10 sensing devices 635, 640. The central channel 630 may be used in
conjunction with a position sensing device 650 as well. In this
configuration, the shadow effects off of the top of the solder ball 600 are
m nim zed and an overhead inmage i s obtained. Although shown as having two
side channels and a single central channel, other configurations may be
used to mnimze 15 shadow effects, including, but not limted to, multiple
channel s side configurations. The use of nmultiple channels may be used in
all enbodinments of the present invention to reduce potential shadow ng
effects. Figure 8 illustrates an exenpl ary enbodi mrent of the present
invention, in an 20 exenplary vertical plane wherein the position sensing
devices (or CCD)CMOS canera) are focused on the | aser beamor |ight plane.
By focusing the position sensing devices (receiving arrangenents 51) on the
i ght plane, the inmage obtained is sharp and may be used for determ nation
of position. The receiving arrangenents 51 are controlled through the use
of a conputer, for 25 exanple, to naintain optinmal focus. Additionally,
focusi ng opti cal
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arrangenments 48 may be controlled to focus the reflected Iight onto the
position sensing devices (receiving arrangenents 51). Figure 9 illustrates a
gal vanonet er 700 whi ch accept laser light 710 30 generated fromthe |aser
beam and focuses/changes the direction of the |aser beamtoward the object
720 thQ%-i§£Ma§@ated. Additionally, as presented in Figure 10, a rotating
pol ygon 5¢ may accept |aser light 810 generated fromthe | aser beam
reflect the incomng |light and sweep the reflected |aser |light across a
defi nad fi el sletB@Dofaketerthiningiarhaighmdiohgssitioy opat dasstcing glethbntufaf heh emdy deoiver age
fdr an area, such as the area array package. Although illustrated as

ref| e¢PPRP ser 1ight by the use of a gal vanometer 700 or a rotating

pol ygon 800, other methods and techniques for reflecting |laser light may be
used and t hﬂeainF 4 $dsbrte® heTROS HRERLE bANEinf¥RYI6|a¥ the $@NRL 8f tHe atTealttfhe PIRSANT

i nvention may all ow nore accurate neasurenent of highly reflective sol der
ball surfaces which may be on process trays and el ectrical equipnment, such
as m cr opr cewpdgiightumiksteg diomctheratriedstane glemang, th redlectediligha taswltingfrom the laseigh and

| ow | i i | .. source by a controlling 10 device allows for
accur3%%5B%@%g%%ﬁéfﬁgtg%P#%ggéwthe sol der balls, such as "X', "Y' and "Z"
conponents of the surface of the solder ball, hereto for unknown. The

met hod may directing @ 043P Heah ddvibyya saochidf Iydenigteaaitysit ih gt lagppateaddatent, tHIgERY laser

al | owi,n nagufa.; rerﬁﬂéﬁ geco |ish accurate neasurenents of sol der ball
sur f adBENSHY PRHBRIEHERPERE YISt BHT i1€SRt financial suns for additional 15

equi pnent. The present invention furthernore is conpliant with newer area
array desi : t .

A L U SR
may mibstmhaengsbe seqenddasesintpnsitycindcui ti ng of produced conponents from

i naccurate placenent of solder ball conponents. Additionally, the present

determining at least one of a position and a height of the at least one element as a function of the
sampled reflected light resulting from the laser beam having the first laser beam intensity and the sampled

reflected light resulting from the laser beam having the second laser beam intensity.

2. The method according to claim 1, wherein laser beam intensity is changed from the first laser beam

intensity to the second laser beam intensity by varying a drive current to the laser.

3, The method according to claim 1, wherein laser beam intensity is changed from the first laser beam

intensity to the second laser beam intensity by an electro-optical arrangement.

4, The method according to claim 1, wherein laser beam intensity is changed from the first laser beam

intensity to the second laser beam intensity by an acousto-optical arrangement.
5. The method according to claim I, wherein the step of directing the laser beam having the first laser
beam intensity includes directing the laser beam having the first laser beam intensity to a position other

than an apex of the element.

6. The method according to claim 1, wherein the step of directing the laser beam having the second

laser intensity includes directing the laser beam having the second laser intensity at an apex of the element.
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20 invention may provides nore accurate neasurenent and/or placenent of

sol der ball conponents before solder nelt thereby mnimzing thermal strain,
and alleviating fatigue failure of conponents. The exanpl e enbodi nents can
be used with any sol der sphere structures, for exanple, 90% | ead/10%tin
structures as well as other eutectic solder fillet structures. The sol der

bal | 2B spéttiemgthveacdvediagy ciad] whprdie thadetarndning saeint Bdessketmiamg 82 aremst 1. 00
mnm and 1.27 ﬂn1as nﬁn-li 'tiq exanpl es. The accur ac of the measurenent of
the pr&§&8ht PIHIPRAP] 3 m%FPghéa?%?t%wfeﬂﬁP“§B§8PW6'%?“ Bnent s i ncorporating

the sol der balls due to the high accuracy capabilities of the system The

prese i nvgntion provi.des accyracy .of neasurenment such that tol erance of +
05 an ¢ an e RERERE i Rt e e MO0 i YO Py e B o
hi gherpowde@st neowRBflecatcur acy if needed by using higher accuracy |aser

devel opment equi pnent and receiving arrangenents. An additional advantage
of the present invention is the use of a | ow power |aser which prevents

sol derg bal | ThemakfddWedor @R RERith 1| WEErdS thd afed Sithy defce I AR I REA LA BE Rnd thet hE

sol der ball. The 17 methods according to the present invention, therefore,
have afemamar wiler balls. being able to operate on snall size solder balls as
the power |l evels used can be dimnished, while still providing accurate

measurenments. 18 Wiat is claimed is: 1. A nethod of determ ning a height
and/ or losi Thegpetlipd aggordingiotcladmd, wheseie Hie aeen amsy dovisa isay ghipscele packeage, and the

CO”prié%Iﬁ‘&'tsagé sroﬁﬁPBeﬁ‘@. a |l aser beam having a first |laser beamintensity at
the surface of the at | east one elenent; sanpling light reflected fromthe
at | east one elenent, the reflected light resulting fromthe | aser beam

havi ng i he o RldsaSeLaReAMAR AR ine A e g e bARGRAPEALIAN Gn

second Taser 1ntensi e at least on e se
i nt ensiettyonbei ng di fferent than the first laser intensity;

12. The method according to claim 1, wherein the laser is a semiconductor diode laser.

13. The method according to claim 1, wherein the first laser beam intensity is under 1% of laser full

power and the second laser beam intensity is at approximately 100% of the laser full power.

14. The method according to claim 1, further comprising:

based on the determined at least one of the position and the height, outputting data indicating

whether the at least one element passes an inspection.

15. A method of determining a position of at least one element on an area array device, comprising:

directing a laser beam having a first laser beam intensity at a point on the least one element for a

first period;

sampling light reflected from the at least one element to provide a first sample value, the reflected

light resulting from the laser beam having the first laser beam intensity;
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sanpling light reflected fromthe at |east one elenent, the reflected |ight
resulting fromthe |laser beam having the second |aser intensity; and
determ ning at |east one of a position and a height of the at |east one

el ement as a function of the sanpled reflected |light resulting fromthe

| aser beam having the first |aser beamintensity and the sanpled reflected

| i ght resulvarying the bsar bean fram e flogtdasehtzamigertshe tcsesecmd ldsasermhaeanity whidnsi ty.
2. The.neth accordi to claim1l erein,laser, beamin Si i s changed
Fr om e ests BeE B e ot b A RS oL s BB e PR AT LR ke 1y oy
varyi ngemgendfor ¥ gecomt peeind; to the |laser. 3. The method according to claim1,
wherein | aser beamintensity is changed fromthe first |laser beam intensity
to the second | aser beamjntensity by an el ectro-optical arrangenent. 4. The
et hod  acooPRPHRE iyt efissted om %ﬁéfr%?Shoqea?éfewnbteam%aéﬁ@rﬂ#wpge ned from
the fifkfdctddaBRl reRRMN rohitheMRSdr b¥ank RavidiBhSREMAdaskbtRen iRBRMWiang ensity by an
acousto-optical arrangenent. 5. The nmethod according to claim1l1, wherein the
step of directing the |aser beam having the first |laser beamintensity

i ncl udes dideteeminmg at least ongsefra fosition andai haight df ¢hefat tegst oheaxgemerh enafunetiosnthey to a
posi ti el ement. 6. The nmethod according to

cl ai mqrgt S&#E@é{?lﬁé %\-ﬂ!&hé{%ﬁ%ﬂ%ﬁmgj{er@gﬁ ng the | aser beam havi ng the second

| aser intensity includes directing the | aser beam having the second | aser
intensjty an_.apex_ of. the, el . 7. .The. net.hod accordin o.claimil,
wher e 194 ne tsaresRERrRrd Ryt e lsisin hE oo P IR er sPERLAPT s fp

posi t i iamdmensity trathgietoralf lasehieaat intersits by oarging b driendurrastita the dqatn. cal

triangul ation. 8. The nethod according to claim1l1l, wherein the |aser
intensity is varied by varying an RF drive power to an A-O deflector. 9.
The nethod ‘Aeardtkbidagedrdingltoaidim 15, Wieedieihe ldsdtedi 8fensity i ¥haagsd fe@n the fisst Dsdrl

grid array device, Pd the elenents are solder balls. 10. The nethod
accord‘i“ﬁ’@s"'tyéoE‘Fé‘?cﬁ?‘ﬁ,ase\f\/l'ﬂé‘fné%bXWI%F%'Sp%l%WWEe is a chip scal e package,
and the elenents are solder balls. 11. The method according to claim1,
wherein the sanpling steps are perforned by a receiving sensor section. 12.

The method Hedpstipdigeardingtolaim 1), whsssinthg lasgrdeam inignsitgis shanged fEom g drdtasdi ode

| aser . intensity to the second laser intensity by an acousto-optical arrangement.

19. The method according to claim 15, wherein the step of determining the at least one of the position

and height of the at least one element includes:

selecting one of the first sample value and the second sample value based on which of the first

sample value and the second value has a higher signal to noise ratio; and

determining the at least one of the position and the height of the element based on the selected

sample value, and not the sample value that was not selected in the selecting step.

20, The method according to claim 15, wherein the first period is 0.9 of an entire sample period and the

second period is 0.1 of the entire sample period.

21. The method according to claim 15, wherein the area array device is a ball grid array device, and the

elements are solder balls.

22. The method according to claim 15, wherein the area array device is a chip scale package, and the
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13. The nmethod according to claim1, wherein the first |aser beamintensity
is under 1% of laser full power and the second | aser beamintensity is at
approxi mately 100% of the laser full power. 14. The nethod according to
claim11, further conprising: based on the determ ned at |east one of the
position and the height, outputting data indicating whether the at |east
one el«¢ments apawlesbadln. | nspection. 15. A nethod of determ ning a position of
at | east one elenent on an area array device, conprising: directing a |aser
beam having a first |aser beamintensity at a point on the | east one el enent
for a 23 i r skhepethoddgcosdimgtoickgm [1 5 gitterairetht basdréch femimomdverer diodt agt one el enent
to provide a first sanple value, the reflected light resulting fromthe

| aser beam having the first |aser beamintensity; 20 varying the |aser beam
from tHe fiTiwtmdiadatcobdimmoiciimens,iwherdirotha fiseln thtdnaiseis ubdanyd aflRasull yowdni | e

directi t he | aser. beamat the.l eas ne.el epent at the point, the |aser
beam oﬂ“ﬂglﬁsgﬁ’ngﬁw?rﬁ'ge%ﬂty fséaégﬁpr%’f@ataéltlg%ﬂfIaTeE)HRlé’O%Eond peri od; sanpling
light reflected fromthe at | east one elenment to provide a second sanple

value, the _reflected |ight resulting fromthe |aser beam haying the second
| aser Peam Tlﬁt%dﬁﬁor‘a%toc?@f'@rlﬁ’iweﬁg“ the ?aFf‘éggatm Bridregied af 2 serond PR cale a

hei ghtel@fent iffadd at iR SRt 1B GiBRIY T adbtifer A&t p@RdOf the first sanple val ue
and the second sanple value. 16. The nmethod according to claim15, wherein

the laser beamintensity is changed fromthe first |laser beamintensity to
t he second dampleg rollestadilaseheaintlightofyony the i lnast enectlemeat at therfesitlaserdbeat énténaiger . 17.

The ne&d]hﬁqheaig%ﬁ{es%&gﬁ d tﬂe@rﬂ“la%?rbe%ﬁ{t@isitﬂgt he | aser beamintensity is

change rom Irrstt laser 1 ntensi the second |l aser intensity by an
el ectro-optical arrangenent. 18. The nethod according to claim15, wherein
the | aser beasingd thé REGibtam fromaliaedshes feamidthith tothé sceasidiser baamamsadity while t he

second, | aser intepsity by an acousto-qptical arrangenent. 19. The net hod
accor diiffginedheirse et thgyleastans elementat i sesprdseqiey e %ﬁ%&%éﬂ%ﬁedw et iggie. of

t he posietelefidnt fandothed @Bdnd@triddre at | east one el enment includes: sel ecting one
of the first sanple value and the second sanpl e val ue based on which of the

first sanple value and the second val ue has a higher signal to noise ratio;
and sampling reflected laser light directed at the second laser intensity off of the at least one element;

and

determining at least one of a second position and a second height of the at least one element at the
second point from the sampling of the reflected laser light from the first laser intensity and the sampling of

the reflected laser light from the second laser intensity.

26. The method according to claim 15, further comprising:

based on the determined at least one of the position and the height, outputting data indicating

whether the at least one element passes an inspection.

27. A method of determining positions and/or heights of elements on an area array device, comprising:
scanning a surface of an area array device with a laser beam;

varying a laser intensity of the laser beam while the laser beam is scanning the surface of the area

array device, the laser intensity being alternatingly varied between at least two laser intensity levels;
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determ ning the at | east one of the position and the height of the el enent
based on the selected sanple value, and not the sanple val ue that was not
selected in the selecting step. 20. The method according to claim 15,
wherein the first period is 0.9 of an entire sanple period and the second
period is 0.1 of the entire sanple period. 21. The nethod according to claim
15, wher ei rsainplingdightrefledtalfraieseardysledcdialplovifieissnpie vayesdadi ce, and t he

el enents are solder balls. 22. The nmethod according to claim15, wherein the
area array device is a chip scale package, and the 21 elenents are sol der
bal I's. 23. dFH’ém‘l‘%E'ﬁﬁbha%E'&“o‘?f&lhﬁt& ftaadelpaﬁlﬁ!ﬁnﬁ at Iggsbsosierd! theelamegison the agea array
sem cafReide b fuflitiefl 8f the SMple vAues.The met hod according to claim 15, wherein the
first laser intensity is under 1% of l|laser full power and the second | aser
intensity is at approximately 100% of |aser full power. 25. The nethod

accor digng t I t nd poi nt
on thg28 el eﬂngg%ﬁgl?ra%%{:%m;? Ctﬁ lrllrgz? Pfh se%ﬁtgésg%%%g)lﬁ?r%? 22 .?ﬁi.g? lasgraczlgtaﬂer first
period; sanpling reflected | aser beamlight fromthe at I east one el enent at
the fiqgst | i ty . first
he 18t | BRSBTS O RBRAL RO e o

i nt ensaAntArOtdsfledta. second | aser beamintensity while directing the |aser beam
at the | east one elenment at the second point, the |aser beamdirected at the
at | east one elenent for another second period; sanpling reflected |aser
light Xir ec"flednealtodtah@nﬁegtorwaima%,evhe'retitt thegres yrayfdeviod istalbell gtid dresgsievionend the

el emenétlé %ges%FJe LN ning at | east one of a second position and a second

hei ght™ 6 TPHE [T ¥4€t one el enent at the second point fromthe sanpling of
the reflected Iaser Ilght fromthe first laser intensity and the sanpling of
the reflected | S ht f seco nd | aser, i.ntens 26. . The net hod
accordilng tBeaeso aicf?r ?%tPt F‘?Q'szi’o‘ﬁﬁfei”é R gea ﬂﬁaé’éiav‘%'staﬁh‘pd‘éa["é?%%d at | east
one of the position and the height, outputting data indicating whether the

at least on eI errent passes an_inspection. 27. A method of determ ning
posi tivns a qqé‘Fﬁ’ﬁ‘flgg @f"laérpéﬁ’éﬂ{é?“b‘rqe laser Ay esmiGopduFtg dipde BSerc onpr i si ng:

33. The method according to claim 27, further comprising:

based on the determined at least one of the height and the position, outputting data indicating

whether the at least some of the elements pass an inspection.

34. A system for determining a height and/or position of at least one element on an area array device,

comprising:

a laser configured to generate a laser beam at a first laser beam intensity and a second laser beam

intensity;

a receiving arrangement configured to sample laser light and to receive reflected laser beam light at

at least two intensities; and

a controlling device coupled to the laser, the controlling device configured to control laser beam

intensity and direct the laser beam at the first laser beam intensity and the second laser beam intensity; and

an arrangement configured to determine at least one of a position and a height of the element as a

function of the sampled reflected light resulting from the laser beam having the first laser beam intensity

23



scanning a surface of an area array device with a | aser beam varying a

| aser intensity of the | aser beamwhile the | aser beamis scanning the
surface of the area array device, the laser intensity being alternatingly
varied between at least two |laser intensity levels; 22 sanpling |ight
refIeg&ngsggﬂ?ﬁénggﬁE@gmﬁfvice to provi de sanple val ues; and determ ning
at | east one of a hel d a position of at |east sonme of the el enents on
the area array deV|ce as a function of the sanple values. 28. The net hod
accordjng t t var.ied [ |ng a | aser
current® gt HAAEL AT Bntad, Mol bl BE L Rop RIS, 1 1S
varied by varying an RF drive power to an A-O deflector 30. The net hod
accor gt r h d vice is d array
devi cg%nand ¢ g&em ?ccordhr\lgggalfei@%%l eremqﬁﬁ (fonﬁglﬁ'ig Fire a"taﬁ@cf i’ "csgg%l fg to

cl ai mididgraseieir@iith t he area array device is a chip scal e package. 32. The
nmet hod according to claim27, wherein the |aser is a sem conductor diode

| aser. 33. The nethod according to claim 27, further conprising: based on

t he detzer m TiRGyaém h@aslingao elaidi 34, Rbederi tihdonasliing B&icp @Sd dompidter.OUt put ting data
indicating whether the at | east sonme of the el enents pass an inspection.
34. A systemfor determning a height and/or position of at |east one

el enens, on Bhe sdté adbrdag t6 eMinCGa, wh@aﬂﬂfelcsmfwmg@eha@@ Coffigifed S fuBerlcont@g mer at e
a | aser beanlat a first |laser beamintensit a second | aser beam

i nt ensleasyonel faserdpstiony regeiv g @E%ﬁ@e'&aﬂﬁ“‘i"ﬁ‘tfﬂé&"faﬁe RuHIPe 1 aser light and to
receive reflected | aser beamlight at at least two intensities; and a
control ling device coupled to the laser, the controlling device configured
to con ol Thesesternaesarding e elaiss 34, whergindhe laser isichrfigueadde moreaipna a spprifigd na

| aser beamintensity and the second | aser beamintensity; and an
arrangenent configured to determne at | east one of a position and a hei ght
of thetlel enBistsysiem acchugingtty olainp$4, wheredhqieeadvingdrapganasait Isicomrfigured 9a1twa sapprdte om
t he Iaégﬁﬁggﬁghmgving the first |laser beamintensity 23

41. The system according to claim 34, further comprising:

an acoustic-optical reflector configured to accept the laser beam and deflect the laser beam to the

surface.

42, The system according to claim 34, further comprising:

receiving optics configured to focus reflected laser beam light onto the receiving arrangement.
43. The system according to claim 34, wherein the laser is a pulsed semiconductor diode laser.

44. A computer readable medium having stored thereon instructions executable by a computer, the

instructions which when executed cause the computer to perform a method, the method comprising:

directing a laser beam having a first laser beam having a first laser beam intensity at the surface of

the at least one element;
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and the second | aser beamintensity. 35. The system according to claim 34,
wherein the controlling device is a mcroprocessor. 36. The system accordi ng
to claim34, wherein the controlling device is an application specific
integrated circuit. 37. The system according to claim 34, wherein the
controlling device is a conputer. 38. The system according to clam 34,

wher ei n t hesamplivigrlight teflgrtalicfing & léast @o Rfcingntr el refloctédilighin essultignfrsr theddser Be@a st
one of, | aser iti.on, .receiving arrangenment position and surface position.
39. TﬂgvgﬁgpéﬁgiﬁggFﬂ?ﬁﬁmF 'clai m 34, wherein the laser is configured to
nove along a specified path. 40. The system according to claim 34, wherein

t he recei vidi@ct@gaRgEpdamthal fig 6 9RbhdM bR thtedSityl dehe SERA BhLeleh @€ Thee LB TREGL | ONS.
41. The system according tq claim 34, further conprising: an

M a g ]
acoust NErdyriag difiernt et Be fissblassr fiened®st o accept the | aser beam and defl ect
the | aser beamto the surface. 42. The system according to cl ai m 34,

further co L.al e I Vi I fi ) | aser
e+ o WP o SCELIARN LGS oMb B Sl AL ST
cl ai mB4m harneg éE pecbimblafen sensitys asd pul sed sem conduct or di ode | aser. 44. A

conput er readabl e medi um having stored thereon instructions executable by a

conputer, the jnstructions. which when execut cause the conputer to
perform a r%f%’(?}“gtaﬁgaﬁirﬁ?%‘gdhec‘lﬂsr‘b‘@? andihe fie ?tgtg‘f i‘tﬂ‘ifs%P“F slementgaa fngtian oy a

first thassiplddeaiockavipitGesaiting ish thAaRs b&aﬁarﬁwingt@rmhtlageﬁhtem? afdihE amplQfl  the

at | east one elenent; 24 sanpling light reflected fromat [east one el enent,
t he réﬁf‘@eﬂﬁgahw%ﬁt"grf@wm f‘aﬁf‘g beaud igvirgdhy sg%ﬁa&éfmmw&w% the first |aser

beamintensity; directing a | aser beam having a second | aser intensity at
the at |east one elenent, the second |aser intensity being different than

the fi#st |'Hsspmpyierggadgably medimAceHding faphtimAas whegssin the egod fpthepgompsisest one

el enment, the reflected light resulting fromthe | aser beam having the

second | as i Nt ensity. . kLping..at | e .he: posj.t i and the
oerond |2 R 5 0 0 Wl BB D
whether the at least one element passes an inspection.

46. The method according to claim 1, wherein the step of sampling light reflected from the at least one
element, the reflected light resulting from the laser beam having the first laser beam intensity occurs as the
laser beam moves across the surface of the element and the step of sampling light reflected from the at least
one element, the reflected light resulting from the laser beam having the second laser intensity occurs as the

laser beam moves across the surface of the element.

47. A computer readable medium having stored thereon instructions executable by a computer, the

instructions which when executed cause the computer to perform a method, the method comprising:

directing a laser beam having a first laser beam intensity at a point on the least one element for a

first period,;

sampling light reflected from the at least one element to provide a first sample value, the reflected

light resulting from the laser beam having the first laser beam intensity;

varying the laser beam from the first laser beam intensity to a second laser beam intensity while

directing the laser beam at the point, the laser beam directed at the at least one element for a second period,
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the sanpled reflected light resulting fromthe | aser beam having the first
| aser intensity and the sanpled reflected light resulting fromthe |aser
beam havi ng the second | aser beamintensity. 45. The conputer readable

medi um according to claim44, wherein the nethod further conprises: based
on the determned at | east one of the position and the height, outputting
dat a i ndi cahinpling lighedefl@tedt froe tt al leastnecimest te ppRide pasoed santpld vahpeehé i on. 46.

ror 1 oatinepTamsnarordi fodhem BV ERACL PR BB EB bl o2l ting from

the | aser beam having the first |aser beamintensity occurs as the |aser
beam moves RerRnmglahRast Uid Fagosiiond 4@ a@kRARTtheaNRadi bfe St & a MAdRh e | | ght
reflected fromthe at | east one elenment, the reflected light resulting from
the | dirgsampls elpeandies erpndsupRindieliaser intensity occurs as the |aser beam
noves across the surface of the elenent. 47. A conputer readable nmedium
having stored thereon instructions executable by a conputer, the

i nst r Ut i onEhewpmpwergprsable mediumegeasding o dlaim 42 ovstriethe methed firhersomprigsshod, t he
met hod conprising: directing a |laser beam having a first |aser beam
intensity n St e _elenment .f fir I sanplin

| Tant ret1 Qe Rhfiob IR EETE oSAE PG ENEN e Shigfholrbliile fRfbaEoTE | "
val ue, wlieder thehi leasteﬁelelrneghtasseemuinﬁpen@nf romthe | aser beam havi ng the f| rst

| aser beamintensity; varying the |laser beamfromthe first |aser beam
intensity to a second | aser beamintensity while directing the | aser beam
at t het9poi nA corfier raadstile inedmmdhwnﬁg:sttaﬂd ﬁlbrebmast&tctlblﬁ&sécuﬁbe bglacompiterf he a
second é)erl od, 5. sanpl i n(P t reflect etrzl_ from & t one elenent to
or ovi dENTCUTS Sish SRR PIECYES SRS e comiplst FoReaRr £ g o8 B B RIEPIOR t he | aser
beam havi ng the second | aser beamintensity; and determ ning at | east one of
a position &Mun@ a@ﬁifgﬂafofmaréﬁﬁraﬁfde%é‘@@&h PR&: BLaaENt as a function of the
first sanple val'ue and the second sanpl e val ue. "48. The conput er readabl e
medi um according to claim47, wherein the nethod further conprises: based
on the det e\rargiimwjlaat irtemsigit ofoiclasef bctahev}pbsliletlhaanbands sdamih@ihgmrfacouﬁtpmred ng
data indicatin ey erren tion. 49.
A COfT'le é(ra NEa abﬁser mte%f“&"elﬁ%@l;eﬁn a%ngﬁ Van ere ee“oar%lieaaq? e rl"(')qﬁ"ssr}%%éeglm abl e by
a conputer, the instructions Whl ch when execut ed cause the conputer to

performa nsainbmcg lighbRfle@éddin SreitdyHeVigs to provide sample values; and

determining at least one of a height and a position of at least some of the elements on the area array

device as a function of the sample values.

50. The computer readable medium according to claim 49, wherein the method further comprises:

based on the determined at least one of the height and the position, outputting data indicating

whether the at least some of the elements pass an inspection.

51. A method of determining a height and/or position of at least one element on an area array device,

comprising:
directing a laser beam having a first laser beam intensity at the surface of the at least one element;

sampling light reflected from the at least one element, the reflected light resulting from the laser

beam having the first laser beam intensity;
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scanning a surface of an area array device with a | aser beam varying a

| aser intensity of the | aser beamwhile the | aser beamis scanning the
surface of the area array device, the laser intensity being alternatingly
varied between at least two |laser intensity levels; sanpling |ight
reflected fromarea array device to provide sanple val ues; and determ ning
at | east onkrecifnga lived lghin havidg asqeosd lhieointenfitvait the @aalsdst snaenadnt, theae@hédit S on
the area array .devic nction of the sanple values. 50. The conputer
readaHPtgnsﬂﬁéf‘ﬁ%#'g{grthrtg?ﬁgeﬁﬁI@feéﬂlﬁnﬁ@’,’ wherein the nethod further conprises:
based on the determ ned at | east one of the height and the position,

out put ti ng sdmblng 1} ©BéckdiromMAE hiedst sRledent, @8 8dNesOdRetRfeshififiy #bAMRNAS: PaSS
an inspection. 51. A nethod of determ ning a height and/or position of at

| east ksam haviggibasecond lagsr itepsitvapidy device, comprising: directing a |aser
beam having a first |aser beamintensity at the surface of the at |east one

el enment; s i i .1 ef fr -

reflected IOﬁgﬁhingggth%ﬂ%%tg{gf%rdgﬁeﬁﬁ%ﬂ%é)gg?rl&ﬂ Oengtr?ﬁug(\?;sﬁka F (ﬁ%ﬁ%@g‘é? Ithélgfrgt beam

i nt ensank glem2 agla fimctiony the sampled reflected Inghv remgting fewe thedaskrdsem havingths fitsylasar t he
at least one elenent, t er. Lnt 1 ty, being di,fferent than the
i vt TeandRershy SRR yrvled s Rs et R Fine P BR3kbalR Rt e R ods

el enenittendithe refl ected light resulting fromthe |aser beam having the
second |l aser intensity; and outputting data reflecting a determ nation of at
| east one of a position and a height of the at |east one elenent as a
functism of THehetimdpdotding Riclai 5 € dulthegbdmprdmgl ti ng from t he | aser beam havi ng
the first laser beamintensity and the sanpled reflected Iight resulting
fromthe | aser beam having the second | aser beam intensity. 52. The nethod
accor di ng tmw@ﬁsalgrfh%qqtpwgéﬁ@&rmﬁw%ngﬁbe.at;hﬂéié@gsliewgntt he outputted data for
repositioning the at | east one elenent. 27
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