1 VI SUAL EXAM NATI ON APPARATUS AND VI SUAL EXAM NATI ON METHOD OF

-SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON The present invention
relates to a visual exam nation apparatus and a vi sual exaninatigeog?t

for a sem conductor device having a substantially rectangular package. %P
a visual exam nation is perforned on a sem conductor device conpri ﬁﬂz
(Quad Fl at Package) in which plural Ieags are extended from each side
surface of a substantially rectangul ar package, it has been hitherto
adopted that an inmage rec@USUHLAcBKBMINAMICN APEERATIEr AND the like is

di sposed at the side of the package and the deformation of |eads, the pitch
bet ween | eads, VE&SUALyr EXMEFNAETIONN MERHEORSIQF 0SEMICONMIZTOR (DEVECEHe
surface side of the package which is taken in by the inage readi ng device.
In the sem conductor device visual exam nation based on the inage reading
devi ce di sposed at the side of the ackage as descri bed above, an image on

each of four side surfaces ofBAGKE Q tTﬁ?l§§V@¥W%ﬂ?ular.packagedis
pi cked up, and th after an i,mge qn a first side surface is picked, up,
t he package or thgﬁ?nﬁﬁgsﬁgﬁdi i%Fe T3t Rty Dyl r $xeBiBaEkCBp an

| mage on a 585%%‘%:&98 sgg °% T\t']ggugaeraet;gxgination method for a
semiconductor device having a substantially rectangular
package.

When a visual examination is performed on a
semiconductor device comprising QFP (Quad Flat Package) in
which plural leads are extended from each side surface of a
substantially rectangular package, .it has been hitherto
adopted that an image reading device such as a CCD camera or
the like is disposed at the side of the package and the
deformation of leads, the pitch between leads, etc. are
examined on the basis of the image of the side surface side
of the package which is taken in by the image reading
device.

In the semiconductor device visual examination based on
the image reading device disposed at the side of the package
as described above, an image on each of four side surfaces
of the substantially rectangular package is picked up, and
thus after an image on a first side surface is picked up,
the package or the image reading device is rotated by 90° to

pick up an image on a second side surface. This operation



2 is repeated to pick up the respective imges on the four side surfaces,
-and it is exam ned through predeterm ned i mage processi ng whet her | eads
extending fromeach side surface are good or not. Further, with respect to
the warp, etc. of the package, the outer dinension of the package is
measured by using a | aser nmeasuring machine or the |like, and the
calculation is perfornmed on the basis of the neasurenent result to
determ ne the warp anount. Recently, a BGA (Ball Gid Array) type

sem conduct ofS deePeatef We arick pwnr shiet yesfoastiives hipage sl oot rddesfoue
arranged at the |ower surface of a package and a CSP (Chip Size Package)
type semico % 0PUIERCES haRdpdén X5 egfemineduttihyoesh f prmeddtemmiovwpdi nt
of enhancenment of nount dgnsity. In such a BGA or CSP type semi conductor
devi ce, the ¥4¥t9€ sREPEFSS &G r‘é’a%EhSFe lsadhdedt ergihghL Tyhe pasly foicde of

t he package. Theref ore, eflection light fromeach el ectrode has a great

;
effect, and THFEE9S ar€ 99°¢ @¥f PPEult to perform various exaninations on
the basis of pic i,mages.. Particul arl en a ball interval is exam ned,
the ball and thek%‘%ctkhae&g Y TEsPsC ié%l’r %ﬂ?n‘éﬁ"@’f?%ﬁ’n e%%hgb? RACIRIe he
basis of th | CA AP 4 | tizng.in reduction in examnation precision.
Furt her, thg?géis é?%rpgﬁ%ﬁgﬁﬁét%Fhekﬁ%é%ﬂ? %ﬁﬁnl%fm?ﬂiuﬁﬁgeﬁwdi dh of
the package 1xdMadUSidy ddthi®S®Wr the like, and the calculation is

performed on the basis of the measurement resulf to
determine the warp amount.

Recently, a BGA (Ball Grid Array) type semiconductor
device in which a plurality of ball-shaped electrodes are
arranged at the lower surface of a package and a CSP {Chip
Size Package) type semiconductor device have been frequently
utilized from the viewpoint of enhancement of mount density.

In such a BGA or CSP type semiconductor device, the
ball-shaped electrodes are extended from the lower surface
of the package. Therefore, reflection light from each
electrode has a great effect, and thus it is very difficult
to perform various examinations on the basis of pickup
images. Particularly when a ball interval is examined, the
ball and the package are little discriminated from each
other on the basis of the pickup image, resulting in
reduction in examination precision.

Further, there is a problem that the measurement of the

outer dimension of the package on the basis of the laser



3 neasuring machine or the Iike needs a long processing tinme, and it is
-liable to be effected by the surface state of the package. SUWARY OF THE

| NVENTI ON The present invention relates to a visual exam nation apparatus
and a visual exam nation nethod for a sem conductor device which have been
i npl emented to solve this problem That3is, t he visual exam nation device
for a sem conductor device according to“the present invention optically
reads an image of a sem conductor device having a substantially rectangul ar
package, and"fAgVLiRS PRchips| aFi tea liknatneeds cesleng msecessing time,
confront the fqQur sjide surfaces of the package, four reflection nmeans each
of which is ﬂ?@pﬁ%eﬂsb%%ﬁgéﬁ gache oeffpeted by pbharsurinse gatateupEethand

t he correspondi,ng side surface of the package, and reflects a projection
i mge at eaéﬂa§$%kssurface side which is formed from pol ari zed |ight

means. cont ronts Chr ough the pAARBGRY S PmaNVEREESN] eans Tor o
ci'des whi on are i b ek iRl 8RS ety Bel S RARMA St RS
the flat surf{ggsraicdes of ahRRe %aCI‘\?"ﬂ%uthee‘Q a EXaF natd on., get g%d for a
sem conduct or device according to the present Tnvention conprise érst%p
semiconductor device which have been implemented to solve
this problem. That is, the visual examination device for a
semiconductor device according to the present invention
optically reads an image of a semiconductor device having a
substantially rectangular package, and includes four
polarized light sources disposed so as to confront the four
side surfaces of the package, four reflection means each of
which is disposed between each of the four polarized light
sources and the corresponding side surface of the package,
and reflects a projection image at each side surface side
which is formed from polarized light emitted to the package
from a polarized light source which the reflection means
confronts through the package, and image reading means for
collectively picking up projection images at the respective
side surface sides which are reflected from the four
reflection means and an image at the flat surface side of
the package.
The visual examination method for a semiconductor

-device according to the present invention comprises a step



4 of irradiating polarized light to each side surface of the package, a

. Step of picking up a projection inmage on each side surface of the package
which is formed fromincident polarized light, and a step of cal cul ating
the warp of the surface of the package on the basis of the projection inmage
on each side surface of the package. In4the sem conduct or device vi sual
exam nation apparatus of the present invention, each of the four reflection
means reflects the projection inmage_at each side surface side which is
formed by pdtfari jatingo applaeized okight pol apfhedifpghurdagec @ fntieh
confronts the reflection neans through the package, so that the projection
i age whi ch RackafiRopehd8REPoPf L IHIACEP s Pa P PrEIHEOHhatRAGR O8n FEh

bt ai ned by the i di Further,, t j ecti '
he.r opect V%] HE- G 286 CBF PREVBRAIIE She- nESTREGLEERM ROt
f f th K | | ectivel L.ck wh th [ I
cxcarn nat | on B LA bt P of CEESHrBE: R GCAL S AN 4AESh O T
flat f ' f d at t] F Jdn ot
e conduct SR ek ARSI NSt S S the prsdBeidh dtfies,
the projectiQh JdBoe;Q egggga%ggfs&éekggdggrﬁé.he package is picked by the

| mge readi ng nmeans, vi sual™ exar nati on can be perforned with

no effect of the gurigee sighecB8haRtPACKEGEice FURLRRITTOIEami A] WP Of

t he surface of the ,
apparatus of the present invention, each of the four

reflection means reflects the projection image at each side
surface side which is formed by polarized light emitted from
the polarized light source which confronts the reflection
means through the package, so that the projection image
which is independent of the surface state of the package can
be obtained by the image reading means. Further, the
projection images on the respective side surfaces of the
package and the image on the flat surface of the package are
collectively picked up, whereby the visual examination of
the side surface sides and the visual examination of the
flat surface side can be performed at the same time.

Further, in the semiconductor device visual examination
method of the present invention, the projection image on
each side surface of the package is picked by the image
reading means, whéreby the visual examination can be
performed with no effect of the surface state of the

package. Furthermore, the warp of the surface of the



5 package can be exam ned by perform ng a predeterm ned cal cul ati on from

. the projection image on each side surface. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1A and Fig. 1B are diagrans showi ng a visual exam nation
apparatus according to an enbodinent; Fig. 2 is a diagram show ng the
system construction; Fig. 3 is a neasuring flowhart; Fig. 4 is a diagram
showi ng a pickup image; Fig. 5 is a diayram showi ng cal cul ati on of warp.;
Fig. 6 is a cross-sectional view showing the main part of another

enbodi nent; padkBgg dJdans ke cexssinect | byalper forshngi g preciete 1rmai ned
unit to which the other enbodinent is applied. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBEDCWEATL dmbichmrerites pofojelé ivns imbhge xami erahh aridep urdfiaes .and

t he visual exam nation nethod for a sem conductor device according to the
present invention will beBRIEEr DBEGRAPTHON PR r'BHE PRAYINGS drawings. Fig. 1
is a diagram show ng the visual exam nation apparatus of an embodi ment
wherein Fig. 1A iBig-pddspesdi Figs ehBamr i §129B2N§ SROWBLRT s@ctVHFRLvi ew
taken along an arrow line A-A'. In a visual exam nation apparatus 1 of this
enbodi nent, &REPHARELF %PgﬁﬁﬁQRﬁuiﬁGPGﬁl&gvFeeaEO¢WER¢%RF4ﬁZ

ural ball
el ectrodes (see FLg, 1P); 2" WAL 15l ThEOLPL O Bastruction;

Fig. 3 is a measuring flowchart;
Fig. 4 is a diagram showing a pickup image;
Fig. 5 is a diagram showing calculation of warp.;
Fig. 6 is a cross-sectional view showing the main part
of another embodiment; and

Fig. 7 is a cross-sectional view showing an examination
unit to which the other embodiment is applied.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Embodiments of the visual examination.apparatus and the
visual examination method for a semiconductor device
according to the present invention will be described with
reference to the drawings. Fig. 1 is a diagram showing the
visual examination apparatus of an embodiment, wherein Fig.
1A is a perspective view and Fig. 1B is a cross-sectional
view taken along an arrow line A-A’.

In a visual examination apparatus 1 of this embodiment,
an image of a semiconductor device 10 having plural ball

electrodes (see Fig. 1B) arranged in the grid form on the

lower surface of a substantially rectangular package P is



| ower surface of a substantially rectangul ar package P is 6 obtai ned by
.a CCD canera 2, and the outl ook thereof is exam ned through inmage
processing. That is, the visual exam nation apparatus 1 includes four |ight
sources L1 to L4 which are arranged so as to confront the four side
surfaces of a package P of a sem conductor device 10, four polarizing
plates H11 to 14 which are arranged bet'ween the respective |light sources L1
to L4 and the respective side surfaces of the package P, four beam
splitters Bsbtdmisl bt ¢h € senerged2 bendertheeontdpolt i thepedlriis ng
plates H11l to Hl4 and the respective side surfaces of the package P,

pol ari zi ng Exarésed] thyopghwhrage procgssimgad bel ow the respective beam
splitters BS1 to BS4, and a CCD canera 2 which is disposed at the | ower
side of the pol afbathgi i atks Yistaloexawdedlisn (3RPFFFEDnYudbeivdids ce

10. O these elenents, a polarized |ight sqQurce for emtti n%[ prescri bed
pol ari zed | ST i S1glhsEPUECES L the Léuright2EouREEEEES 52 428nFS he

pol ari zing plates H11 to HL4 which_.are arpranged in correspondenge with the
respective H"é’rf‘fr%whré%ée L%O% Lﬁ}d?hes‘%%?cg?gh?gsgurEgggﬁ?eto LLcofpri se
EFEHLL;?n}ggggﬁ%ﬁgagékéf;ééw§ééufb?dfg&rpggfgrf%%%%(giéggseﬂlitkggl4
which are arranged between the respective light sources L1
to L4 and the respective side surfaces of the paékage P,
four beam splitters BS1 to BS4 which are arranged between
the respective polarizing plates H1l to H14 and the
respective side surfaces of the package P, polarizing plates
21 to 24 which are arranged below the respective beam
splitters BS1 to BS4, and a CCﬁM:amera 2 which is disposed
at the lower side of the polarizing plates 21 to 24 and
below the semiconductor device 10.

Of these elements, a polarized 1light source for
emitting prescribed polarized light is constructed by the
four light sources L1 to L4 and the polarizing plates H1l to
H14 which are arranged in correspondence with the respective
light sources L1 to L4.

The four 1light sources L1 to L4 comprise LED
illumination which is constructed by plural LEDs (light
emitting diodes), for example.

Each of the polarizing plates H1l to Hl4 polarizes the

light emitted from each of the light sources L1 to L4 to



L]

Each of the polarizing plates H11 to H14 polarizes the light emtted from
. each of the light sources L1 to L4 to 7 generate pol arized |Iight having
a predeterm ned pol ari zati on angl e. The pol ari zation angl e of the

pol ari zed |ight generated by the polarizing plate H11, H12, H13, Hl4 is set
on the basis of the relationship wth the polarizing plate H12, H11, H14,
H13 which are di sposed at the facing si‘de so as to interpose the package P
t her ebet ween. The pol arized |jght thus generated will be described |ater.
Each of the $frals iRAlasizss LightshayagdaahkFedaterminedrlarisahieRt s

t hereth h about hal f of_ th | arized ]ight ich i jtted f, h

of the || ght=8StPces PRe POURERERBLABY ARHE HAGughIECRILTTLERS JAGHE 21 ng

Plares T L0kl 0 deTL st S IOl M ARy Mol ofyilie Ol LTl

i ght comn C : i i C
di d he. i .B . '

[ ansm oot on”r ERErRF iRe Ges ELgn 6t SFABRE TG FACoR T BRCRE DRSBTS ( or s

BS1 to BS4. ' i 8: ..di | . .

sem cgnduct ol:r{{'%'ev}l% 18 %'ark}g? t?%%ﬂf\{‘ ;%fe Itéf%lsrgérﬁét%?e ftrﬁo%renét%&elﬁp%ﬁ%jf(liezisn%

plates 21 to,24¢@ngh 0L EEE! EﬁEeBahkﬁghl I&’é%‘i‘i‘e%%elt%%h.surﬁ@ep fadifeq

sem conduct or device 10 to convert t ht to electrical signals.
light thus generated will be described later.

Each of the beam splitters BSl to BS4 has a half
mirror, and it transmits therethrough about a half of the
polarized light which is emitted from each of the light
sources L1 to L4 and generated through teach of the
polarizing plates Hll to H1l4 and reflects therefrom about a
half of the polarized light coming from the package P side.

The polarizing plates 21 to 24 which are disposed below
the beam splitters BS1 to BS4 are used to select
transmission or non-transmission of light reflected from the
beam splitters BS1 to BS4.

The CCD camera 2 which is disposed below the
semiconductor device 10 takes the light transmitted from the
polarizing plates 21 to 24 and the reflected light from the
lower surface of the semiconductor device 10 to convert the
light to electrical signals.

In the visual examination apparatus 1 thus constructed,
the projection image on each side surface of the package P

of the semiconductor device 10 and the image of the lower



In the visual exam nation apparatus 1 thus constructed, the projection

‘i mage on each side surface of the package P of the sem conductor device 10
and the image of the | ower 8 surface of the package P can be
collectively picked up mainly by the CCD canera 2. That is, by setting the
pol ari zation angles of the polarizing plgates H11l to Hl4 and the polarizing
plates 21 to 24 described above, only the projection image of each side
surface of the package P is transmtted as the imge of the side surface to
t he CCD canegurfacperaf the maspeage i 8n adnthe |doglited tnivdiby r gliatkieahstpp
between the polarizing plate 13, 14 and the polarizing plate 23, 24 wll be
descri bed wiPRLREY &rtdie (GEIFiqgmerB. 2First, the |ight enmitted fromthe
light source L3 is polarized into polarized |ight having a first

pol ari zati on angl BhekedsSa Op¥- g6ttdaccndra Relewisktilen fanales If ttike

pol arizing plaje 13, an%_the light is transmtted through the half mrror
HVB of the DRAMSHIRY H1ass @ dHds anpe ther podpnézingfptates 2heto

package P ofz%q§ semnmco dugtor device %% in the figure. A part of the

pol ari zed |ight %%9¥h5e$h§ PV?St°BgVaF' a6 oo i%ﬂﬁ§ﬁx2£2ﬁﬁﬁms$1@ﬁd is
flected f | eft, ,sid f f th K Pinthe fi d the

other does rattiaes ik e RS T oft LrtEir el o rthoimedaee Sand

propagates tg ddhed e Yo cop camera 2.

Here, the propagation of the light in the relationship

between the polarizing plate 13, 14 and the polarizing plate
23, 24 will be described with reference to Fig. 1B.

First, the light emitted from the light source L3 is
polarized into polarized light having a first polarization
angle (see a one-dotted chain arrow of the figure) by the
polarizing plate 13, and the light is transmitted through
the half mirror HM3 of the beam splitter BS3 and reaches the
left side surface of the package P of the semiconductor
device 10 in the figure. A part of the polarized light
having the first polarization angle impinges against and is
reflected from the left side surface of the package P in the
figure and the other does not impinge against the left side
surface of the package P and propagates to the right side of
the package P in the figure.

The polarized 1light of the first polarization angle
which impinges against and is reflected from the left side

surface of the package P, that is, the reflection image of



the package P in the figure. The polarized light of the first polarization
.angle which inpinges against and is reflected fromthe |eft side surface of
t he package P. that is, the reflection i mage of 9 the left side surface
of the package P in the figure reaches the beamsplitter BS3 again, is

refl ected downwardly fromthe half mrror HV3 and then reaches the

pol ari zing plate H23. The polarization angle is set to the polarizing plate
H23 so that the polarized light having the first polarization angle is not
transmitted the defit EsHdepsuam agﬁngfptgeepmsaggna imethp| Hrguisl Neaghes
having the first polarization angle which js reflected fromthe_half mrror
HVB is interdttleerBysphatEeraBS?i f@aiimt d$preflaphed downyarddy £aiomn

i mpge of the |left side surface_of the pac e Pin the figure does _nhot
reach the C(‘f[?"ca‘i‘%}% MERT PRe FYBh&nch e ?%%?%r??%dpPﬁgﬁszH&gl &b

the package T ind BroREEE 1 The i LIt §F T BIIRRge 1Po th%et g
t he prOJect%eﬁﬁsggge eﬂa hetléﬂ1 &ié%i éfaigﬁﬁﬁhtaﬁﬂgﬁﬁiﬁgghg 9Q§§ the

beam splitte S re | eC oOWnviar fro rror and
Cho aches sl a0 B T teL e g Wl SR 1
pol ari zati on, Bggd € #£3 ,t r e R bgﬁ(&‘iﬁfked l:Lght having the first
polarization angle which is reflected from the half mirror
HM3 is intercepted by the polarizing plate H23. That is,
the reflection image of the left side surface of the package
P in the figure does not reach the CCD camera.

On the other hand, the polarized light having the first
polarization angle which does not impinge against the left
side of the package P and propagates to the right side of
the package P, that is, the projection image of the right
side surface of the package P reaches the beam splitter BS4,
is reflected downwardly from the half mirror HM4 and then
reaches the polarizing plate H24. The polarization angle is
set to the polarizing plate H24 so that the polarized light
having the first polarization angle is transmitted through
the polarizing plate H24, and the polarized light having the
first polarization angle which is reflected from the half
mirror HM4 is transmitted through the polarizing plate H24.
That is, the projection image of the right side surface of

the package P in the figure reaches the CCD camera.



the polarizing plate H24, and the polarized |ight having the first

. pol arization angle which is reflected fromthe half mrror H¥ is
transmtted through the polarizing plate H24. That is, the projection inmge
of the right side surface of the package P in the figure reaches the CCD
caner a. 10 That is, the polarizing plate H13 and the polarizing plate
H24 are set so that only the polarized ¥hgle having the same pol arization
angle is transmtted therethrough, and the polarizing plate H13 and the

pol ari zi ng pl at e X at=, sthespoilhati zimcamizee IHghtahdvihg gidlfeeriering

pol ari zation angles is transmtted therethrough, whereby the CCD canera can
pi ck up the phadjedibnarengetosa Khat gnlyi tee sppliardzed ehglsadieatir to
which the light fromthe |ight source is not irradiated. Subsequently, the
| i ght enitt &dhe same Polpirgzatdonr aagle is prpasnieeed ftkexeiponghi Aand

| i ght having the second, pol arization angle (see a broken line arrowin the
figure) by tihe RAkarizieo ppasbe1ll3asnd tthe pelarhiiredPiAFSud? 3t R hal f

mrror HW of the beam splitter BS4 and then,reach?s the right side surface
of the pack&ifF FOfthAE BedpgarddctidofeVieEing,. dithepspt BRlaT 330301 zed

0N having. e Shon poLar ech ! e AMohe L R es B0 Bal BRD Sere
hot inpingeé%¥ﬂ§¥§ktgga{ﬁgh&rg%ggtfgﬂfgggggfof the right side surface
of the package P to which the light from the light source is
not irradiated.
Subsequently, the light emitted from the light source
L4 is polarized into the polarized light having the second
polarization angle (see a broken line arrow in the figure)
by the polarizing plate 14, and it is transmitted through
the half mirror HM4 of the beam splitter BS4 and then
reaches the right side surface of the package P of the
semiconductor device 10. A part of the polarized light
having the second polarization angle impinges against and is
reflected from the right side surface of the package P, and
the other does not impinge against the right side surface of
the package P and propagates to the left side of the package
P.
The polarized 1light having the second polarization
angle which impinges against the right side surface of the
package P and 1is reflected therefrom, that 1is, the

reflection image of the right side surface of the package P



t he package P and propagates to the left side of the package P. The

. pol ari zed |Iight having the second pol arization angl e which inpinges agai nst
the right side surface of the package P and is reflected therefrom that
is, the reflection inmage of the right side surface of the package P
reaches the beamsplitter BS4 again, igjreflected dowmwardly fromthe half
mrror HK4, and then reaches the polarization plate H24. The pol ari zati on

angle is set to the half mrror, HW so that the polarized |ight having the
second pol arFSRRh%H IRy IREAS SR 4texn BSht BE81RNr %gﬁefﬁ%c'b%@a‘g‘?‘ﬂ"r'@r%ﬂét e

H24, and the_pol ar.i zed Jighf havi t he second pol ari zat.i on angl e ych is
refl ect ed fr%‘ﬁ?’? h@?}il‘?i%g?’r’&fo’ﬂl\y&%%'s g eQEIE t%?f st?é‘ep@‘glréfqrz}r Pt e
R kL e s B i
Toht st do SHEFLed0iEhatt LRR SRR MUY O ED naPRhROTFRL BT

ri ght side sur € pac propag eft side o

package P. thafs S, dite RIARIGE IR MRIGnahi tREA! BhtodiderRard Bidde
ahe e er ggg 'S re%iie ?f% he

package P reaches t amsplitt T cted downwardly from
hal f mirror Iﬂ\&%tear}@m,hea,{aeag%@s éélS‘faEQ_EéEi' Z1 {§he! HHr i3 thdN&econd

pol ari zation angle is set to the polarizing plate H23 so that the polarized
l'i ght havi ngod her SALOTGh PhgLEZahi6R 280k@fll8cted from the half mirror
HM4 is intercepted by the polarizing plate H24. That is,
the reflection image of the right side surface 6f the
package does not reach the CCD camera.

- On the other hand, the polarized light having the
second polarization angle which does not impinge against the
right side surface of the package and propagates to the left
side of the package P, that is, the projection image of the
left side surface of the package P reaches the beam splitter
BS3, is reflected downwardly from the half mirror HM3, and
then reaches the polarizing plate H23. The polarization
angle 1is set to the polarizing plate H23 so that the
polarized light having the second polarization angle is
transmitted through the polarizing plate H23. The polarized
light having the second polarization angle which is
reflected from the half mirror HM3 is transmitted through
the polarizing plate H23. That is, the projection image of
the left side surface of the package P in the figure reaches

the CCD camera.



transnitted t hrough the polarizing plate H23. The pol arized |ight having

. the second pol arization angle which is reflected fromthe half mrror HVB

is transmtted through the polarizing plate H23. That is, the projection

i mage of the left side surface of the package P in the figure reaches the

CCD caner a. 12 That is, the polarizing plate H14 and the pol ari zing

plate H23 are set so that only the polarizing |ight having the sane

pol ari zation angle is transmtted therethrough, and the polarizing plate

H14 and the pol aritEngi o) atheHpbdlard zdelg gl dtemtHlheapdl ahiezgablamidinmavi ng

different polarization angles are transmitted therethrough, whereby the CCD

canera can mlskaipahems ofett sonthatgendyy the pbeflardzdegsdrifsdde hefvine

package P in the figure to which the light fromthe |ight source L4 is_not

i rradi at ed. theysar® pedwizeéipnopngiei o8 dbranswitiedtthedetlxoyglomantd

i ght source L3 and the |ight source L4, and the sane, is agplied to the

| i ght sourc&hel rgpxheing grlasgubdé End He PIrizbrdt Réateadidd ire he

si de surfaces of the Eackage P which can be obtaﬁiﬁned by .t he - canera, all

the refl ect St i nBQesthfdr edtbar PP eAB+EES het BFRbm havd 1l At fEerent

projection i es, renain. Thg refl ection Iigtgé é’f ﬁtlhe Iﬁwer Eurf%{:e f the

package P o i tYhdRREoPSdEV e & TAR SR ¢ sbitHeFihguah, whereby
the CCD camera can pick up the projection image of the left
side surface of the package P in the figure to which the
light from the light source L4 is not irradiated.

Fig. 1B shows the propagation of the light emitted from
the light source L3 and the light source L4, and the same is
applied to the light source L1 and the light source L2.
Therefore, for the images of the side surfaces of the
package P which can be cbtained by the CCD camera, all the
reflection images thereof are removed therefrom, and only
the projection images remain.

The reflection light of the lower surface of the
package P of the semiconductor device 10 (see a so0lid line
arrow in the figure) reaches the CCD camera through a
prescribed filter F. This filter F is used to reduce the
light amount of the reflection light from the lower surface
of the package P. That is, when the projection images of
the right side surface and the left side surface of the

package P described above and the reflection 1light

(reflection image) from the lower surface of the package P



arrow in the figure) reaches the CCD canera through a prescribed filter F.
.This filter Fis used to reduce the Iight anount of the reflection |ight
fromthe | ower surface of the package P. That is, when the projection

i mges of the right side surface and the left side surface of the package P
descri bed above and the reflection IigAB (reflection inmage) fromthe | ower
surface of the package P 13 are picked up at the sane tine, the |ight
anount of the reflection light is reduced by the filter F so as to be

mat ched wit rxehepickiad apowtt Oheesehepridimt i Omei frigbht werelty ©fie tdiegnal

| evel s of the respective inmages thus taken can be matched with one another.
Next, the exefiledtiom sysgbm ds mpdured| balthexditi ey o sepamaittie We | be
described with reference to Fig; 3. That is, the visual exam nation

appar at us 1Mtshed nwikl. the slightapmeynds oh exghi RAAIRFLHPR 1PaPRto
this system _The polarizing plates H11 to Hl4, H21 to H24 and the beam
splitters B¥Pareisithe fFadndheleupodse Ofr & trgﬁBWtFNeFin‘.‘a%?saﬁgutshey

are disposed iin the exam natjon unit 11. An _.LED driving circuit 12 is

provi ded ir?akteﬁecéﬁa _n’éﬁaF‘_o' € n‘i‘”ft}l_l?nearﬁi‘c’é: nchronous signal is input to
Co Al oM apheet | OBt | RbRs kR ofyhew TRRRAY i OPLSART * 2
examination apparatus will be described with reference to
Fig. 3. That is, the visual examination apparatus 1 shown
in Fig. 1 is installed as an examination unit 11 into this
system. The polarizing plates H1ll1l to H1l4, H21 to H24 and
the beam splitters BS1 to BS4 as described above are not
shown in Fig. 3, and they are disposed in the examination
unit 11.

An LED driving circuit 12 is provided in the
examination unit 11, and a synchronous signal is input to
establish synchronization with the pickup of the image by
the CCD camera 2. The CCD camera 2 of the examination unit
11 is connected to an image processor 3 to process an image
which is picked up by the CCD camera 2, and perform the
visual examination on prescribed items.

The image processor 3 is connected to an image display
unit such as a monitor 4 or the like, and an input means
such as a track ball 5 or the like. The image which is

picked up by the CCD camera 2 and the image processed by the

image processor 3 are displayed on the monitor 4. The track



11 is connected to an image processor 3 to process an inmage which is picked
-up by the CCD canera 2, and performthe visual exam nation on prescribed
items. The image processor 3 is connected to an imge display unit such as
a nonitor 4 or the like, and an input nfﬁns such as a track ball 5 or the

| i ke. The image which is picked up by e CCD canera 2 and the imge
processed by the inmage processor 3 are displayed on the nonitor 4. The

track 14 b js used to refer to the display content displayed on the
noni tor 4 f&?ﬂ#ﬂ%éir‘bﬁ%‘gsﬁr?@r%i%&h%r%ﬁﬂl%édmr%ﬁ%’%quﬁwf\w% on

Kk t f the.sem cpnductar device, the nunber_ of ball el ectrodes,
E?g. ?g:r eypﬁtp}g? . mﬂﬁf(?,ora 'gi gﬁﬁl WG Y PORSHePH0 A 0r 1 BPY E nPESffickRRd

devi whi ch; ' L nat i ystem wil | . be descrihbed wi th_ reference
to t ﬁil fl éﬁ&%fﬁ%%“ﬁ%?@% Eﬁa'gf@é‘qéaﬁfg Sether fjf‘ég;’f’?:g"’; el

| r : .
B;?f{?ufar|?ﬁ?%3#§§%%EPfLF%§§,gggggﬁg s1ne%?Ek)%§ﬁ anﬁtstration of the

[ f T | t] bso] ut e ane is
D ocessing for priprhy RovErual OREHLELOR baPngh k0E 8 3Bl B

Serving as A eRGEH Usdd ey ALRMBM Un (he S AaNd e %gﬁiibceed 10

by the CCD canera 2 and stores it into the 1 magée processor 1. e

absol ute with reference to the flowchart of Fig. 3. Figs. 1 and 2
are referred to for reference numerals which are not
illustrated in Fig. 3 insofar as they are not particularly
indicated.

First, as shown in step S1, registration of the
absolute plane is performed. The registration of the
absolute plane is processing for picking up the image of the
flat surface (absolute plane) serving as a reference for the
arrangement of the semiconductor device 10 by the CCD camera
2 and stores it into the image processor 1. As the absolute
plane is used a substantially rectangular plate (reference
plate) having the same size as the package P of the
semiconductor device 10, for example. The images of the
respective side surfaces and the lower surface of the
reference plate are picked up, and used as a reference when
an image of the semiconductor device 10 is afterwards picked
up and processed.

Subsequently, the image is picked up as shown in step

S2. That is, the semiconductor device 10 is held by an



pl ane is used a substantially rectangular plate (reference plate) having

. the sane size as the package P of the sem conductor device 10, for exanple.
The i mages of the respective side surfaces and the | ower surface of the
reference plate are picked up, and used as a reference when an i nage of the
sem conductor device 10 is afterwards pigked up and processed.

Subsequently, the inage is picked up as shown in step S2. That is, the

sem conductor device 10 is held by an 15 absorbing holder or the like as
not shown arabstspoxechatdeheospabe dukeorsiatbthyshomn rasgediispodadyiat
sources L1 to L4 (the space surrounded by the beamsplitters BS1 to BS4 as
shown in Fi ¢thel)spagrl swerowadedt ber tbe kespeckéveupiphtt Beuccpscdiderto 2.
When the image is picked up by the CCD canera 2, a synchronous signal which
i s matched W4 Hthee spacieusurreungedsbyupbei beaRosRhet ters BTV itRy B3 @A t

12, and light is irradiated fromthe Iight squrces L1 tq L4 to the

seni conduct GRYBYiide FAF ont k hghdihe oMadfe é}ﬁ?ﬁﬂ%ﬁ@u?lﬁkﬁﬁial‘%p Yy the

shows a pic icma e és d %ri tégd alt%ove, it he. dcaantFi %écaggim | ectively

pi ck up the i &n 4 mad@ <8 “eacAM8PBe S UPTETE dP t 1o FTH] he

seri conduct of dgvi g8 ARcANe' N fld SFRLOR HIPHRUndd Sl HCLRRUi258,S"
timing is supplied to the LED driving circuit 12, and light
is irradiated from the light sources L1 to L4 to the
semiconductor device 10 on the basis of the synchronous
signal.

Fig. 4 shows a pickup image. As described above, the
CCD camera 2 can collectively pick up the projection image
of each side surface of the package P of the semiconductor
device 10 and the reflection image of the lower surface of
the package P.

By the image pickup of the CCD camera 2, the reflection
image GP of the lower surface of the package P and the
projection images Gl to G4 of the respective side surfaces
of the package P as shown in Fig. 4 are displayed on the
monitor 4. A one-dotted chain line which is shown in
conformity with the projection images Gl to G4 of the
respective side surfaces indicates the position of the
absolute plane which was previously registered.

The reflection image GP of the lower surface of the

package P comprises the reflection image of the back surface



By the image pickup of the CCD canera 2, the reflection imge GP of the

-l ower surface of the package P and the projection images Gl to G4 of the
respective side surfaces of the package P as shown in Fig. 4 are displayed
on the nonitor 4. A one-dotted chain line which is shown in conformty
with the projection images GL to 4 of EPE respective side surfaces

I ndi cates the position of the absolute ane whi ch was previously

regi stered. The reflection inmage GP of the |ower surface of the package P
conpri ses t hR* r ERPeBENRIGeaB the RIS SUrvacimages 6ot nlveradadrab P
and the pl an- el.ectrodes B. The projection inmge

Gl conpri sesei/‘%ﬁ‘ggvﬁ‘%%%ﬁ' gf l S{F?"‘lrjé’gg"li:ﬁ’lnojlg‘@??oﬁ}i figlger pies athe heagikage
Che. brof ect | BHF rEgEERSS BRAP PSELORnTGHER Eg: St Ehey HeRts TR e BST rage
Tmges B Ti0e 4R B 5 FEe Aac BroftitiR dee A e Bt kabe
el | o ectr ot PESILEOLLANIRAGE o3 cbiBr1SAT ThE buthads SUAF ifiacs
ool Tt tor Bob T AR G0N Milfes 1ph TP E PLALCREAR pTE M8 Be2. e ISR kne.
Since the CHATRMEPedtrdddl SPRIFEASI M tifages B’ in Fig. 1, the

h
projection image G3 comprises the package side surface
projection image P3‘ at the beam splitter.BSB side and the
ball electrode projection images in Fig. 1, and the
projection image G4 comprises the package side surface
projection image P4’ at the beam splitter BS4 side and the
ball electrode projection images B’ in Fig. 1.

Since the CCD camera 2 is disposed below the
semiconductor device 10 as shown in Fig. 1, the projection
images Gl to G4 which are actually reflected from the beam
splitters BS1 to BS4 and then enter the CCD camera 2 are
equivalent to projection images which are picked up from a
slightly slant (several angles to the horizontal direction)
upper side of the package P. Accordingly, the projection
images of the ball electrodes B disposed at the center
portion of the package P are not displayed.

Subsequently, the warp of the package P is measured as
shown in step S3. The warp of the package P is measured by

a predetermined calculation using the respective package



sem conductor device 10 as shown in Fig. 1, the projection inages GL to 4
.which are actually reflected fromthe beamsplitters BS1 to BS4 and then
enter the CCD canera 2 are equivalent to projection inmages which are picked
up froma slightly slant (several angles to the horizontal direction) upper
side of the package P. Accordingly, thg;projection inmages of the ball

el ectrodes B di sposed at the center portion of the package P are not

di spl ayed. Subsequently, the warp of the package P is neasured as shown in
step S3. Thesimdep safr fdee padapecPios nawsgeed Hly atpr eplet ewhineld were

cal cul ation using the respective package 17 side surface projection

i mges Pl' tmprddioudlncipivwiked ppebyotbéyCED odasensp 2oy t he CCD canera 2.

Here, the measurenent nethod of the warp of the package P will be

descri bed. Fi g.Here, she diesgraenshtwineghpeot atkel waipnobf thdoaekgoof
the surface (package). That is, when the height direction to the flat
surface of thewpddkde Pessaibes.z afd%-hed ditfecd i Bhagragheshedingurthie is
set to X, Y, the warp of the package is represented by _a plane functjon z =

f(x,y). If t3RIFEaEAon Lhpheiam &F PP sTHE 3 QuRIARSS fundhd, 154 is
represent =0 Byt NG d gl ow g sation (N f i S el ey b balent] o
the lines Ofist hs?eteqrqgsz and the direction of the flat surface is set to
X, Y, the warp of the package is represented by a plane
function z = f(x,y). If the f(x,v) is approximated by using
a quadratic function, it is represented by the following
equation (1):
fix,y) = ax?y + bxy? + cx? + dy? + exy + fx + gy + h .. (1)
Further, if the functions of the lines of the edges
(lines indicated by arrows of Fig. 5) on the flat surface of
the package P which correspond to the respective side

surfaces are represented by f(x,vyl}), £(x1,y), £(x.vy2),

f(x2,y), the following equations (2) to (5) are obtained:

f(x,yl) =
(ayl + ¢)x2 + (byl? + eyl +f)x + (dyl? + gyl + h) w (2)
£f(x1, v) =
(bx1l + d)y? + (ax1? + exl +g)y + (cx1?2 + fx1 + h) w {3)
f(x,y2) =

(ay2 + c)x? + (by22 + ey2 + f)x + (dy2? + gy2 + h) .. (4)



(l'ines indicated by arrows of Fig. 5 on the flat surface of the package P
. which correspond to the respective side surfaces are represented by
f(x,yl), f(xl,y), f(x,y[err]), f(x[err],y), the follow ng equations (2)
to (5) are obtained: f(x,yl) = (ayl + c)x[err] + (byl[err] + eyl +f)x +
(dyl[err] + gyl + h) ... (2) f(xl, y) 3g(bx1 + d)y[err] + (axl[err] + exl
+g)y + (cxlferr] + fxI + h) ... (3) f(x,y[err]) = (ay[err] + c)x[err] +
(by2[err] + ey2 + f)x + (dy2[err] + gy[err] + h) ... (4) 18 f(x2,y) =
(bx2 + d)y[err] + (ax2[err] + ex2 + g)y + (cx2[err] + fx2 + h) ... (5) On
the other hand, the height Z to the reference position of the edge (see the
one-dotted dHz@nYli e of Fig. 4) corresponding to the | ower surface of the
package P is calculatgd fromthe respective paCKﬁge si de surface projection
i mges P1' t{&XB4+ @d¥e Fi pXY) t0S*ehe BA¥i & §FXthe ERdgdsPhhi ch @e pi cked
up by the CCD canera 2. Here, the functjon of, the height al ong the edges
of the four side%urtieLthers entB8 RRIHRE 1 &I Itg% ﬁéeeqﬁsgﬁaﬁgc(ea) to

(9). 2 = Axerrl, & B G Chage () dhe” Ska BB 1Re or £). 2
4) corresponding to the lower surface of the package P is
calculated from the réspective package side surface
projection images Pl’ to P4’ (see Fig. 4) on.the basis of
the images which are picked up by the CCD camera 2.

Here, the function of the height Z along the edges of

the four side surfaces are represented by the following

equations (6) to (9).

Z = Alx2 + Blx + C1 .. (6)
Z = A2y?2 + B2x + C2 .. (7)
Z = A3%x2 + B3x + C3 .. (8)

Z = Ady? + B4x + C4 .. (9)

The equations (6) to (9) correspond to the above
equations (2) to (5), and with this relationship the
respective coefficients a to h in the equation (1) can be

represented by the following equations (10) to (17).

a = (Al - A3)/(yl - y2) ' « (10}
b = (A2 - Ad)/({x1 - x2) - (11)
c = (A3yl - Aly2)/(yl - y2) « (12)
d = (Adx1 - A2x2)/(x1 - x2) -~ (13)
e = ((Bl - byl2) - (B3 - by22))/(yl - y2) - {14)



Z = My[err] + B4x + C4 ... (9) The equations (6) to (9) correspond to
. the above equations (2) to (5), and with this relationship the
respective coefficients ato h in the equation (1) can be represented by
the follow ng equations (10) to (17). a = (Al - A3)/(yl - y2)
... (10) b = (A2 - A/ (xI - x2) 19 . ... (11) ¢ = (A3yl
- Aly2)/ (yl - y2) .. (12) d = (Adxl - A2x2)/ (xI - x2)
... (13) e = ((B1 - bylferr]) - (B3 - by2[err]))/(yl - y2) ... (14)
19 f = ((C2 - cxlﬁeﬂ*r&l()% ~ qd4) ylcx2[(@4 )9} /{xk2¥ x%/) ... (45013 = ((B4
- ax2[err])xl - (B2 - axl[err])x2)/(xl - x2) _. .. (16%i h = ((C3 -
dy2[err])yl - (Clo-=diABbrt @¥2lyKl-—yB2 - ax12)x2¥Y (Fhat ¥3) t-nel¥@nctions
of the edges correspondi ng toz%he lower surface of the package P as shown

in the above equaltions(Q%) @))flaTe(%t'ler@M%édl(Yiloml’ b respectiile

reked up by the Taas phier bhe” TinFtlons auhctie vedeSEr PPErenberAiidy . 81
B4, C1 4 d I_ned ' h | f ' =.f

Fopr esenti noihe PERE: SHITRRE ¢ thie BAERAGE B Amdi: B RERREGEE Khy

position of éﬁ%%%‘ﬁé T aeg ?%2}}, %grfoa&éégﬁmfnga” Afal £yl el and Jus

the warp exa I on can "be per

package side surface projection images Pl’ to P4’ (see Fig.
4) which are picked up by the CCD camera 2, and the
respective coefficients Al to A4, Bl to B4, Cl tc C4 are
determined to determine the plane function z = f£(xX,Vv)
representing the lower surface of the package P, whereby the
height at any position of the lower.surface of the package P
can be calculated and thus the warp examination can be
performed.

Specifically, in each of the package side surface
projection images Pl‘ to P4‘ shown in Fig. 4, the value
corresponding to the height Z from each reference position
to the lower surface of the package is determined at plural
positions for one side surface, and the coefficients Al to
Ad, Bl to B4, Cl to C4 in the above equations (6) to (9) are
calculated on the basis of this wvalue. By using these
coefficients Al to A4, Bl to B4, Cl to C4, the coefficients
a to h are determined from the above equations (10) to (17)
to determine the plane function z f(x,y) of the lower

surface of the package P.



Specifically, in each of the package side surface projection inmages P1l' to
-P4" shown in Fig. 4, the value corresponding to the height Z from each
reference position to the | ower surface of the package is determ ned at
plural positions for one side surface, and the coefficients Al to A4, Bl to
B4, C1 to &4 in the above equations (6pgto (9) are cal culated on the basis
of this val ue. By using these coefficients Al to A4, Bl to B4, Cl to (4,
the coefficients a to h are determned fromthe above equations (10) to
(17) to detern ndlans planeachnefi dhe, ngckage o‘?l@%esli’égé?esm@é’fdfoﬁ he
package P. . 20 Here, in each of the gackage si de, surfac tggoj ction

i mages Pl tigages Hlowhd R4Fi ghown fReFigagd ofRe mvegr ALt Whgh is

' di f, Fig. ' d f fet It
he val e cOTARS BT 15 TRELRESH 01 PEAPeatnoF of Sponde Thoaatbtao t he
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step S4 of Highgd. rHRINGEINNrUrdN@ue to the arrangement position
precision of the respective beam splitters éSl to BS4, the
position of the CCD camera 2, étc. and optical errors due to
aberration of the lens system, etc. can be removed, and thus
the examination can be performed with high precision.

Subsequently, the height of the ball electrcdes B is
measured as show in step S4 of Fig. 3. The height of the
ball electrodes is determined by calculating the diameter of
each ball electrode B from the plan-view reflection image of
the ball electrode B in the reflection image GP of the lower
surface of the package P in the pickup images of Fig. 4, and
setting about a half of the diameter as the height of the
ball electrxode B itself. That is, on the assumption that
the ball electrodes B are spherical and they are fixed to
the package P at the height corresponding to the half of the
diameter, about a half of the diameter in the plan-view
image is regarded as the ball electrode B itself.
The height of the ball electrode B itself is added with

the warp of the package P to examine the height of the ball



ball electrodes is determ ned by cal culating the dianeter of each bal
.electrode B fromthe plan-view  reflection inage of the ball electrode B in
the reflection image GP of the |ower surface of the package P in the pickup
i mges of Fig. 4, and setting about a half of the dianmeter as the hei ght of
the ball electrode Bitself. That is, gp the assunption that the bal

el ectrodes B are spherical and they are fixed to the package P at the

hei ght corresponding to the half of the dianeter, about a half of the

di aneter in elecprede vBew Mhage iiss rdwarheibhs ahethal pogiticnodE Baakel .
The height of the ball electrode B itself is added with the warp of the
package P t PakbhrelectredaecBght eflendapafl frompthe| pdapgdduBctiion 35 the
hei ght at the position of each ball _electrode B is_cal culated from_the

pl ane funct b )= neBrepentdRncedbs inyernsurdace hirtke Patkasr Haddgh P
o The' & omeitr b edr B EYECHRed 8RSt  BEpaihe S
backage can HEt RRAE GT RoBIAURERY A Rer Bikd: FOF I A9 Bape the
erbodi nent, SPEreTReiaEHr a0 BheBeBY, Ind feipy, afioghihl batt

measured, " conplEXidY BeRRERANRAtRY n"&he warp of the package can be

{
examined.

Subsequently, the deformation of the ball electrodes B
is measured as shown in step S5 of Fig. 3. In this
embodiment, when the deformation amount of the ball
electrodes B is measured, “complexity” represented by the
following equation (18) is first determined, and then “ball
deformation degree” represented by equation (19), that is,
the ratio of “complexity” to a circle (the shape of an ideal
ball electrode} is calculated so that the ball deformation
amount is expressed by a numerical value.

“complexity"” = (peripheral 1length of Dball
electrode) / (area of ball electrode in plan view) .. (18)

*ball deformation degree”

= (“complexity” of ball electrode)/(“complexity” of
circle)

= ((radius of circle) x (“*complexity” of ball

electrode)) /2 .. (19)



foilomﬁng equation (18) is first determ ned, and then "ball deformation

. degree" represented by equation (19), that is, the ratio of "conplexity" to
a circle (the shape of an ideal ball electrode) is calculated so that t
bal | deformation anount is expressed by a nunerical value. "conplexity"
| engt h of bal | el ect 2dde)/ (area of ball electrode in plan

(peri pheral
Vi ew)

(18) "ball deformation degrees = ("conplexity" of bal

electrodé') "compl exity" of circle) = radius of, circle) x ("c lLexi.t
of ball el) ef:t rogp@ﬁ /dgs%ribed above), th(e( deformation amou)nt _o_(f_ t(%)baxll

As descri bed _above,

quant i t at i v@iPetrodete® &1 e maant e tave lyu fame red, sy d
", Furth th th ] nati .t f | e,
darmge. . sol IPEPEEEAEHY clakie e it b et st phoBRatkl  hen™: ©

def ormati on

j udged whether t b BASUY CURN 4,60 BLERA-AT, 10" s BnaNTWL S N LGRSl I

the judgnent is
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eps 6 are repéat ed.

Next, anot hef, £l nBnt; AC§QEGLa%hehBS PhESRBhsurement is completed

or not as shown in step 87. If the judgment is Yes in step
S7, the measurement is completed. On thé other hand, when
the measurement on a next semiconductor device 10 is
continued, the judgment of the step S7 is No, and the steps
S2 to 856 are repeated.

Next, another embodiment according to the present
invention will be described. Fig. 6 is a cross-sectional
view showing the main part of another embodiment, and Fig. 7
is a cross—sectioﬁal view of ‘an examination unit to which
the other embodiment is applied. That is, the visual
examination apparatus in the embodiment shown in Fig. 6 is
characterized in that projection images of side surfaces of
the package P of the semiconductor device 10 and a
reflection image of the lower surface of the package P are
reflected in the lateral direction of the figure by an image
reflection mirror ZM and then picked up by a CCD camera. In
order to make it easy to understand the description, only
the construction for picking up the projection images of the

two sides of the package P of the semiconductor device 10
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invention will be described. Fig. 6 is a cross-sectional view show ng the

. main part of another enbodinent, and Fig. 7 is a cross-sectional view of an
exam nation unit to which the other enbodi ment is appli ed. That is, the
vi sual exam nation apparatus in the enbodi nent shown in Fig. 6 is
characterized in that projection i magegzof side surfaces of the package P
of the sem conductor device 10 and a reflection inage of the | ower surface

of the package P are reflected in the lateral _direction of the figure by an
i mage ref | e@io®nHyserataf andiPNerep: cREGUAHLEy ShecPARENSORS YRR "t o

B oking up L BAEFSELPON Lo JTCRFE EUB SRdEs T SAREpabkaBEOBTOrt he
sem conduct or, device.10 .23.are illustrated. Hawever . actually, the sane
construct i _orP:'i‘g‘ &t ?:shﬁ E’EOPSFtllﬂ_Eso?%eéh? \?\%"%’f d;g‘gseuFP5g8§an order to pick
up Lhe provecti oum e\l S iBgepplla U B R
et e SR PE UG R e et o
o PR e EhoBh § Sptoar e e wear eaig
di sposed belgvg tdEsheadn SHétHhéeh StBS31iBRE. sdubbbief3l dispagedrelaud he

surfaces of the package P, beam splitters BS3, BS4 disposed

between the polarizing plates H13, H1l4 and the side surfaces

of the package P, polarizing plates 23, 24 disposed below

the beam splitters BS3, BS4, a filter F disposed below the

package P, and an image reflection mirror ZM for reflecting

the images passing through the polarizing plates 23, 24 and

the filter F in the lateral direction of the figure.

That is, this embodiment is designed so that the
construction of the embodiment described above is added with
the image reflection mirror ZM.

In such a construction, the image projection of each
side surface of the package P is reflected downwardly by
each beam splitter BS3, BS4 in the figure and passes through
the polarizing plate 23, 24 while the reflection image of
the lower surface of the package P passes through the filter
F and is reflected in the lateral direction by the image

reflection mirror ZM. Accordingly, the image reflection

mirror ZM is inclined at about 45 degrees to reflect the



package P. and an image reflection mrror ZMfor reflecting the inmages

. passing through the polarizing plates 23, 24 and the filter F in the

| ateral direction of the figure. That is, this enbodi nent is designed so
that the construction of the enbodi nent described above is added with the
imge reflection mrror ZM In such a anstruction, the i mage projection of
each side surface of the package P is reflected dowwardly by each beam
splitter BS3, BS4 in the figure and passes through the polarizing plate 23,
24 whi | e t hprpgétedbnonmagey®fofeadie dicdeerswfidce @ ofthdeopakiagePPapdsses
through the filter F and is reflected in the lateral direction by the inmage
refl ecti on khersefirctinpcdmgigsglof thee Jowae swifacs ioh HirerbpckApps?
inclined at .about 45 degrees to reflect the, 24 pr.ojection image of each
si de surf acénothghtaperihgdireaien f t8e E40PBR-i nage of the | ower surface
of the package P_in the lateral, directjon of the figure. Further, in this
enbodi ment, a CCBUES%?‘SFa oy dﬁ%’&o?@&oﬁm}fqtef 1% GG PR Nk | gﬁ358§-?fii on
by the i mage reflefgion,niréor ZM That i&,.thi% c%gstnuctioneggables t he
apparatus tBth8 FEFuCShtCRLISRGIEAtIM RRS LI Mt C6f dRPECLISEoSRITeR thi s

croodent, L3880, S Bille, [l S AN RALHEEROU bl
to be laid out oblongly.

In the examination unit 11 to which'this embodiment is
applied as shown in Fig. 7, the construction of the light
sources L3, L4, the polarizing plates H13, H1l4, the beam
splitters BS3, BS4, etc. and the image reflection mirror ZM
and the CCD camera 2 are accommodated in the oblong housing
K.

The CCD camera 2 is secured to a slide unit SU in the
housing K so that the focusing point therecf is adjustable.
Further, the housing K contains a light source control
board, a driving linear motor for the slide unit SU, a
driver circuit for driving a linear motor, etc. as not
shown.

In this examination unit 11, the package P of the
semiconductor device is absorbed and held by a absorbing
nozzle N of an absorbing robot or the like, and disposed
between the beam splitters BS3, BS4. By irradiating light
from the light sources L3, L4 in this state, the projection

images of the respective side surfaces of the package P and



splitters BS3, BS4, etc. and the inmage reflection mrror ZM and the CCD

. canera 2 are accommodated in the oblong housing K The CCD canera 2 is
secured to a slide unit SU in the housing K so that the focusing point
thereof is adjustable. Further, the housing K contains a |light source
control board, a driving |inear notor fzgr the slide unit SU, a driver
circuit for driving a linear notor, etC” as not shown. In this exam nation
unit 11, the package P of the sem conductor devic absorbed and heug by

a absor bi ng A Thichm HPRFRLPhgtRBnsPWEE FHE&%Ee? affiedPasESes
Sour cos L5, 5 metiacred dn thed3bepal diFaan it £ (e i ) ae
U f ace of AGRCRSI0o8 Sl rBEFEOF el 9t FBOFRRerAN - HPFOcTRNT of iR

2t 'the oo IR 24 LR SES2 DRI Y 0edy aF grddnTuindty)

constructing, 230 ;ohleng exam nation unit 11, it can be easily nounted
on a handl er Wh i STaff exam nation apparatus for a seni conductor device

or a main base ofgy Reordd ILAKTHP RN AOERINY VIRAREAUSH dFhiR0sit gnal
can be easily mounted on a handler which is an examination
apparatus for a semiconductor device or a main base of in-
line eqguipment, and maintenance such as positional
adjustment of the CCD camera 2 (calibration adjustment),
etc. can be easily performed.

That is, the examination unit 11 is made oblong ana
thus the height thereof is reduced. Therefore, even when it
is mounted on the handler or the main base of the in-line
equipment, the overall height is not excessive, and the
semiconductor device can be directly fed by an absorbing
robot for semiconductor devices which is used for an
apparatus for a handler or the like.

Further, when the oblong examination unit 11 is placed
on the main base, the CCD camera 2 is also located at a near
position (height) to the main base, and thus it is located
at a near position to an operator who makes an adjustment or
maintenance, whereby the maintenance work can be more

enhanced.



adj ustment of the CCD canmera 2 (calibration adjustnent), etc. can be easily
.performed. That is, the examnation unit 11 is nade oblong and thus the

hei ght thereof is reduced. Therefore, even when it is nounted on the
handl er or the main base of the in-line equi prent, the overall height is
not excessive, and the sem conductor device can be directly fed by an
absorbi ng robot for sem conductor devi & which is used for an appar at us
for a handler or the |ike. Further, when the oblong exam nation unit 11 is

placed on the naifihberes LhBcGEReBRNMEERZ PrdjRltdohOGaRdAlo Al four
position (height) to the main base, and thus it is |ocated at a near

posi tion to andepeusfatevhofmikes padkadicUst ENtthey sErid@iBnSor Wileveby t he
mai nt enance work can be nore enhanced. 26 In this enbodi nent, the

proj ection iangepickedheaup our Biwderextir fwlien ¢het hel peckageaRiakttilmn is

sem conductor device are picked up. However, when the visual exam nation

i s applied tappliedi tonductemidenfuethavidayiczadsaeit@endiengsf remendisgde
surfaces of the package P such as SOP (Small Qutline Package), the |ight
sources, thefponatvei agdel avesages vffic theamasheoe: & sumy afe QR af Swahl
only the positions corresponding to the two side surfaces. As described

above, accor@®hRiiRe® Fﬁ§k§9§baltg%a%ﬁﬁ&ﬁi@ﬁurcesr the polarizing plates

and the beam splitters may be located at only the positions
corresponding to the two side surfaces..

As described above, according to the visual examination
apparatus and the visual examination method of the present
invention, the following effects are achieved. That is, in
the visual examination apparatus of the present invention,
the projection images of the respective side surface of the
prackage and the image of the flat surface side of the
package are collectively picked up, whereby the visual
examination of the side surface sides and the visual
examination of the flat surface side can be performed
simultaneously. Further, the projection image is picked up
as an image of each side surface of the package, so that the
image can be stably picked up without effecting the surface
state, and the examination can be performed with high
precision.

Further, in the visual examination method of the
present invention, the examination of the surface side of

the package can be performed with no effect of the surface



apparatus and the visual exam nation nethod of the present invention, the
.follow ng effects are achieved. That is, in the visual exam nation
apparatus of the present invention, the projection imges of the respective
side surface of the package and the imge of the flat surface side of the
package are collectively picked up, whereby the visual exam nation of the
side surface sides and the visual exam nation of the flat surface side can
be perforned simultaneously. Further, the projection imge is picked up as
an i mge of 8hehespde the fRadkage: henfatkegaagy ahathehsurkage h ®ee
stably picked up without effecting the surface state, and the exam pation
can be perf oPﬁﬁgaﬁFt C3R g Sr 8XRELHRA FOYt RETLGHIRG B sRERCSLEHTMEREBN
nmet hod of the frgfent i nyention, the,exam nation of the surface side of the

package can BRl1pet+btARd TPRnthe RFPIRFLHPN { HRAGR PR RACh 237AQ SHELRFC he
package, and_th rn of the surface of . the package cap bg.exam ned b
berform ng aSpr ST T RAREHIRGIOR (567 FPoREPRETPED) BEthoRiTRaEE GRe BaR

side surface;_s h t,he exam,nation. can ormed with high precision
in a short t%%€£5§“§#ét€a§§¥§gk®%lgﬁﬁgnéalgglggign'



WHAT IS CLAIMED |'S: 1. A vi sual exam nation apparatus for a sem conduct or
. device for optically reading an i nage of a sem conductor device having a

substantial ly rectangul ar package, conprising: four polarized |ight sources
whi ch are di sposed so as to confront the four side surff ml

package; four reflection neans each ofaghich is di SDOS‘el“mau ﬁﬁmmuf
said four polarized |light sources and the correspondi ng*side ‘sufff ate of
sai d package, and reflects a projection imge at each side surface side
whi ch is foWid fISOMLAGMED Z8c¢ |ight emtted to said package froma

pol ari zed |ight source which said reflection nmeans confronts through said
package; and i nade reddivigutdasxafdnatibhespbarayupi it iy senitedation

i mages at the respective side _surface_sides which are reflected fromsaid
four refl ectdVHGRaflr arRtdfadldayereading aradm3gef ffe 3 gemdrongiugtor
package. 2 The sem ¢gonductor device, visual exan nation agg?ratus as

claimed in GSVHFE, PAVERS idhclIPRERPTEGE 11 I EREFBRINEAT fRRCKECE&al | y

reflecting the n%Lecpion i mges of the respective side surface sides
refl ect ed frccﬂﬂx%é' d™Pdur reflection means and the image of the flat surface

side of said package 300 fransm {1100 SELALIMGRECA %58 41 LIRIS PR

to confront the four side surfaces of said package;

four reflection means each of thch is disposed between
each of said four polarized 1light sources and the
corresponding side surface of said package, and reflects a
projection image at each side surface side which is formed
from polarized light emitted to said package from a
polarized light source which said reflection means confronts
through said package; and

image reading means for collectively picking up
projection images at the respective side surface sides which
are reflected from said four reflection means and an image
at the flat surface side of said package.

2. The semiconductor device visual examination
apparatus as claimed in claim 1, further including image
reflection means for laterally reflecting the projection
images of the respective side surface sides reflected from
said four reflection means and the image of the flat surface
side of said package and transmitting said images to said

image pickup means.



3. The sem conductor device visual exam nation apparatus_as_-clained

-in claiml, further including a housing in which saidtwo polarized |ight

source, said four reflection neans and said i mage p m mﬁl‘l
accommodat ed. 4. The sem conductor _device vi sua‘\m par at us
as claimed in claim2, further includi a housing i ® whi ch shid

pol arized |ight source, said four reflection neans sai d i mage plckup nmeans

and said inmage r %I ection means ar ccom'ﬂé)igq Aé\“ sual atm nation

met hod for a semitondubESr %I%WELEQ ‘f’yc‘?eé’d‘r%‘tja n ?‘ﬁﬁﬁ‘én@f rn
duct d h . b tant I |

compr i o1 gt SPETHCE T A Tha T ool FROFGCT ot BaHRALTG oS SIS o

d pack f h
of sald packi TTER i a%l%%?%%%rr Pty Bl PG 8 YO
of cal cul atinge§ & QP %e%ﬁ@ SY fdac%a}oldthguggﬁkag‘icquﬁhe Eg&xss rdhe

proj ection image on each srde surface sai cka
sem conduct of~&&Mi S pdgual exam nation nethod as clainmed in claimb5,
wherein the i nmage at the flat surface side of said package is collectively

taken in togethergWi thrthe semiconductor device visual examination
apparatus as claimed in claim 2, further including a housing
in which said two polarized light source, said four
reflection means, said image pickup means and said image
reflection means are accommodated.

5. A visual examination method for a semiconductor
device for optically reading an image of a semiconductor
device having a substantially rectangular package,
comprising:

a step of irradiating polarized light to each side
surface of said package;

a step of taking in a projection image on each side
surface of said package which is formed from incident
polarized light; and

a step of calculating the warp of the surface of the
package on the basis of the projection image on each side
surface of said package.

6. The semiconductor device visual examination method
as claimed in claim 5, wherein the image at the flat surface

side of said package is collectively taken in together with-



30 the projection images on the respective surfaces—of--sai.d-package.. 7.
. The sem conductor device visual exam nation nethod as clained in claimb5

wherein an i mage serving as a reference for the ar Lgﬂmﬂu@mwuﬂf&uﬂ package
is taken in before the projection inage on each si d
package is taken in. 8. The sem condggt or devi ce vi sual exaninati on
nmethod as clainmed in claim®6, wherein the shape of an el ectrode which is
provided on the flat surface side of said package is exan ned on the basis
of the i mgethm Phrelerbiosi doagas ee bhesacPRestiiage sWrEarces odkapid by

sai d i mage readi ng neans.
package.

7. The semiconductor device visual examination method
as claimed in claim 5, wherein an image serving as a
reference for the arrangement of said package is taken in
before the projection image on each side surface of said
package is taken in.

8. The semiconductor device Qisual examination method
as claimed in claim 6, wherein the shape of an electrode
which is provided on the flat surface side of said package
is examined on the basis of the image on the flat side
surface of said package which is taken in by said image

reading means.



