-1- 2197948 Automatic Inspection Systemfor and

El ectro-Optic Methods of Inspection of IC Lead Frames This invention
rel'ates to an automatic inspection systemfor IC |lead frames and a visual

i nspection method for IC lead frames to-he-used with the sys Back upund
of the Invention In the prior art, plated 1C |ead franes ardéaﬁb 7
I nspected for stains, flaws, glossiness, deformations, etc. in the naI
finishing stage. As the precision in such a visual inspection Iargely

depends on { hiutslotic 1asguenionays phyizoaha 698dilone ARPLOIACL: Ik Detion
factors of individual 1nspectors an cruare ch
demand for an inprovenent. As ar ﬁﬁﬁﬁﬁess mas made i n recent

years in various optical devices, automatic perfornmance of visual

i nspections becane possible. One of the exanples of these achievenents was
shown by the V|SLEhl$rkﬁﬁﬁmtbﬂnsysiéﬁﬁél§9u§§eéu¢ﬂﬂﬁ$h6r}OQQeFGLﬂndoka
(Labor - saV|ng and Autonatlonl . 43-44, July, 1985; GChm Publication
House. As SEEqT ofPe Ieckerd o'g’;/afﬁﬁ§ Géénal Kbeyndd LnsPEctiRer ReFHEegr ee i n

t e d ds f | at f IC lead f
rﬁgregasggafr%li %%ga %F?/g:aﬁ‘ﬂ %e\is%ﬁewéité "‘P‘Fcéﬁg«%eﬁ‘f‘ tﬁg ef;?(r:rFchy of

IC lead frame manufacture as well as that of inspection for plated -2-
IC lead franes at the final finishing stage.

Backaround of the Invention

In the prior art, plated IC lead frames are visually

inspected for stains, £flaws, glossiness, deformations, etc.
in the final finishing stage. As the precision in such a
visual inspection_largely depends on the skill, experience,
physical conditions ané other human factors cf inéividuzl
inspectors and fluctuates widely, there has been much
demané for an improvemént. As a remarkable progress was
made in recent years in various optical devices, automatic
performance of visual inspections became possible. One of
the examples of these achievements was shown by the visual

W inspection system discussed in "Shoryoku to Jidoka (Labor-
saving_and Automation) ", pp. 43-44, July, 1985; Ohm
Publication House.

" As electronic technology has been improved tc a
remarkable degree in recent years, the demands for ICs as
well as that for 1IC lead'frames increased, which inevitably
enhanced the significance of the efficiency of IC lead

frame manufacture as well as that of inspection for plated



Brief Summary of the Invention This invention was contrived to obviate the
defects encountered in the prior art and ains to provide an auto- matic

i nspection systemfor I1Clead franes which.is as clained in claim1l and
whi ch cap:performinspections of |IC lead frames with a higher efficiency;
and to bﬁﬁVide_an el ectro-optical inspection nethod for IC |ead franes
which is as claimed in claim4 and which is to be used with the above
system The mboysadnfrDideravbiieetsimdl defepéning ofagdi s invention will
beconme cl earer when understood with the description and clains hereinafter
in conjunction with attached drawi ngs. Brief Description of the Draw ngs
FIG 1 is a schematic perspective view of an enbodi- nent of the automatic .
i nspecti on Wrsiesin Swmmdxy |efidte dlmegermecitmi ding to this invention, FIG 2 is
a schematic view of the inspection process shown in FIG 1. FIG 3 is a
schematic plane vi €lhb¥ inkentinr wis iceperived oh cbviade cthk fdefiecta t he
visual inspection system FIG 4 is a cross-section of a shape inspection
unit . - 3-engaunteEyed sln e REkT At ARG et pRreN idm BT ARV ce
for taking out accepted products along the line V-V indicated by an arrow
mark in Fl GRALIE RNSBRESIQM Sx§temaier IGi R4 Frenesy whiieh ifore claimed

in claim 1 and which can perform inspections of IC lead frames with a

higher efficiency; and to provide an electro-optical inspection method

o for IC lead frames which is as claimed in claim 4 and which is to be used

with the above system.
The above and other objects and features of this invention
will bécome clearer when understood with the description and claims

hereinafter in conjunction with attached drawings.

Brief Description of the Drawings

FIG. 1 is a schematic perspective view of an embodi-
ment of the automatic inspection system for IC lead frames

according to this invention;

FIG. 2 is a schematic view of the inspection process
shown in FIG. 1.

FIG. 3 is a schematic plane view of the scope of
inspection on an IC lead frame at the visual inspection
system.

FIG. 4 is a cross-section of a shape inspection

unit.



process of the automatic inspection unit for 1C lead franes according to
anot her enbodi nent of this invention; FIG 7 is a schematic side view of
the automatic inspection unit for IClead frames shown in FIG 6. FIG 8 is
a side view of a loading unit viewed-fBremthe direction of the arrow-mark
VII'l in FIG 7. FIG 9 is a plane view of an inspection stage of the-yisual
i nspection unit viewed fromthe direction of the arrow IXin FIG 7. FIG

10 is an enl aF§@ed Bi dle &i evoss—peAthonoltbesbotothiecogiergtiivnt &ifi ng- out and
a positioning nmechanismmarked with the arrow X in FIG 7. FIG 11 is a
schens?i éepieepderi takinewond 3ReRPESIeRrPANCES RdOng tHhe Jiidgal inspection
unit. FIG 12 is an explanatory view qof the performance of the above visual
i nspecYTBnin@icated Py 13n; argofemepkcirvElFi-ed-of a chucking device within
the | oading unit in another eggodinent. FIG 14 is a, side view when viewed

fromthe arrofdKr\Voi ASFRE EXBLARAECTYSViEW, tO: BN ithes WRE LS ew of t he

' | -4- | ti It which is. dwth th ' (I ti
et hodPTaFeFE PEabRF, ARBENAELE: ~EBPECASR, RO PG piind SHeed?BFean | C | cad
frame. \ELGradfst8 RRLANALALYmGLEPTE Lo SQUL g, ] ol ati on

FIG. 7 is a schematic side view of the automatic
inspection unit for IC lead frames shown in FIG. 6.

FIG. 8 is a side view of a loading unit viewed from
the direction of the arrow mark VIII in FIG. 7.

FIG. 9 is a plane view of an inspection stage of
the visual inspection unit viewed from the direction of the
arrow IX in FIG. 7.

FIG. 10 is an enlarged side view of pinch rollers
for feeding-in/taking-out and a positioning mechanism
marked with the arrow X in FIG. 7.

FIG. 11 is a schematic perspective view to show
essential parts in the visual inspection unit. v/

FIG. 12 is an explanatory view of the performance
of the above visual inspection unit.

FIG. 13 is a perspective view of a chucking device
within the loading unit in another embodiment.

FIG. 14 is a side view whén viewed from the arrow
XIV in FIG. 13.

FIG. 15 is a schematic side view of the visual



bet ween the reference | um nance curve and individual |um nance curves
obtained by this invention visual inspec- tion nethod for IC |ead franes.
FIG 18 is a.schematic view of the relation between an i.nage sensor and a
pl ated object to be used in an -enbodi nent of fhis invention. FIG 19 is a
schemat'i ¥ pl ane view to show the scope of inspection on a plated sanple.
FIG 20 are correlation graphs to show the rel ation between |ight

refl ectivity iaspeatidneanddr wbsiebndisngseldemdttty thes erdisu@ilod nepetdtd on
Preferred Enbodi nents This invention will now be described by referring to
t he attached™@tdfcnder FCGIeag EwR8@Sh 5 are the views to show the first

enbodi nent of this invenéion. The automatic _inspection unit for IC |ead
frames 101 conpri se§ I8 d&ditfy auﬁi“?‘ef@flér PHAgEd Ve RE A dC %3¢ a first
vi sual inspe%gg%@ unit 104 which inspects the patterned shapes of I1C | ead
frames 103, a“shape -5-"inspection unit 105 which detects deformation of

|ead frames 103, a $900nd 7vistea b BRL st 35 WhW ehaSReaR die

appear ance of the plated products, an accépted- product renoval uni t

108 which takpswidn AHEERIeFerRnR@UAhinadiRe!l Rarvizs ReE! 1 ivijdR 107, and a
rej ected- product renoval unit 109 which takes out rejected products
from the inspeglindhde @ard@s obtained by this invention visual inspec-
tion method for IC lead frames.
U FIG. 18 is a schematic view of the relation hetween
an image sensor and a plated object to be used in an
embodiment of this invention.
FIG. 19 is a schematic plane view to show the
scope of inspection on a plated sample.
FIG. 20 are correlation graphs to show the relation

between light reflectivity and an area corresponding

thereto.

Description of the Preferred Embodiments

This invention will now be described by referring
to the attached drawings. FIGs. 1 through 5 are the views

to show the first embodiment of this invention.

The automatic inspection unit for IC lead frames
101 comprises a loading unit 102 arranged at the input
side, a first visual inspection unit 104 which inspects

the patterned shapes of IC lead frames 103, a shape



The | oading unit 102 noves IC | ead franes 103 one by one froma pile
“thereof to the inspection line 107, and conprises a nount 110 and a

chucki ng device 111. The nount 110 is to carry IC lead franmes 103 thereon = |,
and to keep the height of the topnost | egd frame 103 substantially the. sane
as the inspection line 107 by a suitable means. The nount 110 is adapied to
freely nove a table 112 upward/ downward by means of an el evation cyli*nder
113. Th %%lé(‘ckti- i | EOVE s Sl I mes fromthe
pile ongnby oné%o%ﬁﬁgs%%ﬁgﬁ% ng rr%?%er 115 %ccﬁpiqsé%feel y novabl e
in a horrzaisal] od I ACIIRIbrT AR B Girishd i naeid pfying i nspection
line 107 (i.e. in the direction of the arrow 100A), by neans of a feed
screw 1hhspictls ithemappdatdrtd Wi dhe pXHted ek dWMadss Alth addupdddyy cl aw
menber 118 provided with chucking claws 117 di splaceable in a verti cal
directi @roduct i rembealdi r antiitorl 0 vhicclartawes 10R) ,acdeptdd ansverse to the
direction of inspection line 107 by a conpact cylinder 116. The first
vi sual prsydecttisorfnon tthE04Arepeatiises Jaine |10hi rend an mespenteld® which enits

light onto the IC lead frame currently -6- presented to it for -
i nspect PRPSUELTV veaerah 120t AP HivBKkech takes teuhraifedtmsyes of the |IC
| ead frames 103 in light reflected from an i mage i nspection unit

base 12PYrofWfFhss frod the dRRRESELAR e v t he i nages for each IC

obtained fromthe TV canera wt stored referencg inm a normal I1C
| ead frame 103 The % %%ﬁ‘fﬁ ﬁ“ﬁ"ee%c%ép%eﬁﬂ e"iﬂ'ﬁ%ﬁr@ one from
def ecti \f:%r po"?utet Tl a pile thereof to the inspection line 107, \J

and comprises a mount 110 and a chucking device 1l11. The
mount 110 is to carry IC lead frames 103 thereon and to
keep the height of the topﬁost lead frame 103 substantially
the same as the inspection line 107 by a suitable means.
The mount 110 is adapted to freely move a takle 112 upward/

downward by means of an elevation cylinder 113. The chucking device 111
which removes and holds lead frames from the pile one by one comprises

a supporting member 115 which is freely movable in a horizontal direction
transverse to the direction of the inspection line 107 (i.e. in the

direction of the arrow 1004), by'means of a feed screw 114 which is movable
in turn by a driving means and a chucking claw member 118 provided \/

with chucking claws 117 displaceable in a vertical direction (i.e.
in the direction of the arrow 110B), also transverse to the direction of
inspection line 107 by a compact cylinder 116.

The first visual inspection unit 104 comprises an

illumination means 119 which emits light onto the IC lead frame currently



The shape inspection unit 105 shown in detail in Figure 4 conprises a pair
of cases 123, 124 which holds an IC |ead frame 103 from both sides 122, a
pair of conductive contacts 125, 126 which are respectively placed within
but electrically insulated fromthe cases 128,- 124  for detecting

def ormayi#on in | C |l ead frames 103, -and a resistance nonitor 127 whi ch
connects the cases 123, 124 with the contacts 125, 126 for detecting

el ectric currgrdsentéddwbnit tber ebet ween. The uppsspéettod 23a aryl ddigedower
case 124 are made of a conductive material in the form of open-ended boxes.
The contact 1R30iwhachapgeksi out bettmmerofdsegd?3f vite &M liead ratesg pl at e
128, and has a projected portion 129 while the contact 126 is arranged in
t he | ower casb0£24 in a biehtnsutediperpdpl atfrom28 apd tmage irsesswiPmpportion
130. The contacts 125, 126 are_configured in consideration of the shape of
an island nendReit1Baseflideeamigiifcu8sd BAJCPRRERE JRGANIEY IR LIS
deformation of, IC Igad frgﬂes 10 normal |.y shape

3. S0 %aa% a d or
non- def or med FPRERSJEPF ofRCh 1C70D%RaNeq, EFQUSERR FYHLFARRTR a8t th HF ough a

The' o stance PRORLHE “DAbE ofeiher Belhfan b 1o R R 070, 1 oce 185" *
surrounding tk 338 3ne dae 199 jon 129 of contacts 126.and 125
RN CD

respectively ndi cat ed in Figure 4) is made snaller

EgﬁPaEPg Eggggéﬁgggéie si des [ff?k a8k sbotbyeasfseddsd, 124 so that the
, prevented tromcontacting an inner |lead 133 and a
frarrf/ 134 (see Fi gHirdiad) inQlectifeuli€ 108 @6l 106821105 PSS isngmirhes ehtveen.
cases 123, 124 which holds an IC lead frame 103 from both
sides 122, a pair of conductive contacts 125, 126 which
are respectively placed within but electrically insulated
from the cases 123, 124 for detecting deformation in
IC lead frames 103, and a. resistance monitor 127 which
connects the caées 123, 124 with the contacts 125, 126 for
detecting electric currents flowing therebetween.
The upper case 123 and the lower case 124 are made
- of a conductive material in the form of Opa»endedtmies.

The contact 125 is arranged in the upper case 123
via an insulating plate 128, and has a projected portion
129 while the contact 126 is arranged in the.lower case
124 ﬁia an insulating plate 128 and has a recessed
portion 130. The contacts 125,'126 are configured in
consideration of the shape of an island member 131 of) (see Figure 3)) and
the marginal values of deformation of, IC lead frames 103

so that a normally shaped or non-deformed IC lead frame



*

The connection detector 127 detects el ectrical connection when a circuit is
formed, due to deformation of an IC lead franme 103, between the |lead frane
and one of the contacts, by nmeans of wires 135 connecting the case 123 and -
the contact 125 and/or the case 124 and the contact 126 to opposite.”--
polarity termnals of a direct current power supply (not shown). v i
Alternatively, detection may be perforned by connecting the sides of both
cases 123, 124 with either one of rollers 162 and a gui de 163 which support
the IC lead franes 103 as they pass and which are in contact with the cases
123, 124. The rollers and guides are then connected to a termnal of the
supply of one polarity (earthed) and the contacts 125, 126 to a term nal of
opposite polarity. The second vi sual iﬁébéction unit 106 conprises an
i1lumnation neans 119 (simlar to the correspondi ng neans used by the
first electro- optic inspection unit 104), a TV canera 120, and an i nmage

det ect or e 121 L gur erfar conparis an nal.ysi s,. of
pl ated ar leigg ﬁGp?ﬁ( gﬁ%‘e“%) g%?&ggcﬁ'rfﬁ%wgfﬁaraﬁgt %arpegPrper g?gerf@éx?dn%é%e‘ﬁf t he
pl at ed objséets 186L| fooneibbetwredi thy icontrxtte . acthepdidtieacpfoducthe basenel

det ect i ve fLOduGt 1 A PEA0UG!a Pt NGFadP RERARFSunay A8ECRIRYS PIAROUG!

renoval device 108 shown in section in Figure nprises ers
137 for trapspnetrigign 29 efdcqntants 126 2ndsigh repraced vals (hedicated &Yar r anged
t 0 oppose 8achkighbelooA hraFexadan) 8@ hades dpgler th ERé IREgHtL3F anrd nove

[ | e ahBrs B oV e U e R 12, A8 L o0
t abl e 139 anhi mievhotssie$rom contacting an inner lead 133 and a frame 134 (see
Figure 3) of the IC lead frame 103 passing therebetween.
The connection detector 127 detects electrical connection
when a circuit is formed, due to deformation of an IC lead frame 103,
between the lead frame and one of the contacts, by means of wires
135 connecting the case 123 and the contact 125 and/or the case 124
and the contact 126 to opposite polarity terminals of a direct current
power supply (not shown). Alternatively, detection may be performed
by connecting the sides of both cases 123, 124 with either one of
rollers 162 and a guide 163 which support the IC lead frames 103 as
they pass and which are in contact with the cases 123, 124. The rollers
and guides are then connected to a terminal of the supply of one polarity
{earthed) and the contacts 125, 126 to a terminal of opposite polarity. Q_)
The second visual inspection unit 106 comprises an illumination
means 119 (similar to the corresponding means used by the first electro-
optic inspection unit 104), a TV camera 120, and an image detector |
base 121, (Figure 2) and performs compariscn and analysis of plated
areas 136 (Figure 3) of each IC with a stored reference image of the
plated object 136 in order to discriminaté.acceptable products from
detective products on account of theif appearance.
An accepted-product removal device 108 shown in section

in Figure & comprises’




| ead frames 103. The rollers 137 are nmade rotatabl e and novable in the
directi.on perpendicular to the inspection line 107 by notors 140 arranged
in a plurality on both sides and | ongitudinal .direction of the inspection
line 107=[the direction indicated with an afrfow 100C]. The side plates 138
are benty4at the |ower ends thereof toward the inspec- tion line 107 to form
receivers 141. The nounting table 139 carries the I1C lead frames 103

t hereon, keepsoihersnidyvior[transpontingtIGeleréniramesopddstsided frane
103 and the lead frane 103 on the receiver 141 of the side plate 138, and
the tabl e 142p}ategat?§i Wairk aradayranesd 168 PBPﬁﬁﬂeeééht9gb?¥yaW%vable
with an elevating cylinder 143. The table 142 is ovigded with two bases
144 for stor a¥€eofd g???@aﬂ°f§%ﬂ%§rio§heAF? }%F§I15§I?ﬂ ePOYASELRRL Y st ocker
146 are prOVIdEng endi cul ar | reciion of the_Lns ion |ine

107 wherein 't srecsEPine exfitaf 48" FRLL PBs chekRSngReRtes Lo oD L' 15,

t t | h
St ocker ereﬁﬂ °§ﬁ%3'F£fa 2GF ChRE 1A EptEs LECERRLYEQPOSLEL O] AP & LN
dri ving means, 448t gecLhbial e aaoi;atg@éagﬁéaetgsggeﬁgéz A0gn kgLl i on

t her eof and T noves anot to t e|g t corresponding to

t he helght Oflégﬁ Latgral 36yl i nder 145. The rej ected- product -t aki ng- out
devi ce 109 has e

The rollers 137 are made rotatable and movable in
+he direction perpendicular to the inspection line 107 Ly
motors 140 arranged in a plurality on both sides and

| longitudinal direction of.the inspection line 107 {[the
direction indicated with an arrow 100C). The side plates
138 are bent at the lower ends thereof toward the inspec-
tion line 107 to form receivers 141. The mounting takle
139 carries the IC iead frames 103 thereon, keeps the
interval lOOL2 constant between the topmost leaé frame
103 and the lead frame 103 on the receiver 141 of the
side plate 138, and the table 142 for carrying IC lead
frames 103 is made vertically movable with an elevating
cylinder 143. The table 142 is provided with two bases
144 for storage of IC lead frames 103.

A lateral cylinder 145 and a stocker 146 are
provided perpendicularly to the direction of the inspec-
tion line 107 wherein the lateral cylinder 145 moves the
bases 144 with the table 142 mounted thereon on rails

147 close to the receptive position 100D while the stccker



. same structure as said acceptabl e-product -t aki ng-out device 108 except that
It can take out rejected IC lead franes out of the inspection line 107 with
signals either fromthe first and secong visual inspection units 104, 106
or the shape inspection unit 105. The reference nuneral 149 denotes a.
mechani cal control electric board which operates and controls the w™:
accept abl e- and rej ect ed- product s-taki ng-out devices 108, 109 while t he

r ef er endd éndseedlaptes dendiresly oowe dradjartiaal Bieeatfi@redae awuneral 162
denotes rollers which are arranged to oppose pinch rollers 154 which w ||
be desc@irB¥dncafmeangnd4d £a faftidd tate iEFaes abithe Lal5e ddZte.  The
reference nuneral 163 denotes, gui des which guide |IC |lead frames for

conveyi A§S Re tETRE 108 SNETHAgn ANA 1T HGH Pe WKAH IWHRF fifati c
inspecti%% t hod for, gae aut omat i c,._nspecti.on §¥sten1f r..l C lead franes.
di g dl

The | oa hite FEIN Y EBFAE TR 1 S S e Lhdd i th the

chucki ng ¢l a . V, the sanme onto the inspection |ine 107. The
nmount 1 G%ﬁﬁv S%&ﬁé%@%:?ﬁf%ﬁ_ table 112 slightly upward to bring the

topmost ~ 1C | egﬂ%ﬂﬁg&éﬁ% | Jdife 18l Ain SIS Y Ald N GaaEas the

I nspection lin evating cylinder 113. The IC lead frames 103

move on g atrhckudedlfad it ildDld @ep thibl edprduiiie- tal Hebdty devidor 140
via a belt 150 until they contact a stopper sensor 153 and are then
108 except that it can take out rejected IC lead frames
out of the inspection line 107 with signals either from &J
the first and second visual inspection units 104, 106 cr
the shape inspection unit 105.
The reference numeral 149 denotes a mechanical
control electric board which operates and controls the
acceptable~ and rejected-products-taking-out devices 108,
109 while the reference numeral 161 denotes a camera
adjuster. The reference numeral 162 denotes rollers which
are arranged to oppose pinch rollers 154 which will be
described later and are rotated as the pinch rollers 154
rotate. The reference numeral 163 denotes guides which \/
guide IC lead frames for conveying the same.
Description will now be given to the automatic
inspection method for the automatic inspection system for
IC lead frames.
The loading unit 102 holds one piece of IC lead

frames 103 with the chucking claws 117 and moves the same

onto the inspection line 107. The mount 110 moves the



al i'gned at the advancing end. Wile an end of an IC |lead frame 103 is held
bet ween pinch rollers 154 which are rotated by the notor 140 via the belt
150 and the other end thereof is placed -0odOthe, axis of the rollers 162
which is,Totated as the IC lead frane 103 noves, the IC lead frane is
advanced&"The transportation of the IC lead frames 103 fromthe first
visual inspection _unit 104 to the second visual inspection unit 106 is

synchr oni zedafdi€l ¢ lgn&dd 3y tmward [t Pringrethe sopmostie| FGriledpi nch

rollers 154 _and t ot her .end thereof .is plac on the axis 152 of the
rollers 162.fr\7tﬁ‘§nqt%l‘?e tI"Ct"lht,gag“af"rg Wﬁ%%&r}i dte A FTetheensor 155

in the first_vyi l. i nspecti nit,104,, posi.tioning pjns 6 are noved
upward to bé‘n\ék%g&é‘&nvvi n 1§3i g’ nézhﬁ‘oleé‘se% e cpﬂg.r‘p 5 frame 103 so
as to set the initiwl isti.an. he 4 Vi Su ' ct.i it 104,
light is emtted on o] f&ﬁzl}eé gggkﬁsafriéﬂlﬁtvbey o}naélhrér ar%l&gst ilos%nr?e%gréqellg,

and the refkedheedgd GAL Wi t \Y f t 1iGK URyJdymges of
the whole IC p(%rt isor%ghlogslgc%?%g% Ir%\ﬁlagcae;? fbﬁig n{%o%&?elsﬁ)begx%eﬁ ;I;DétlorEBl '

conpar e and 1&pahyhaq 1t kel IdTREAT LWt f&ttéﬁéxefﬂxﬁélﬁe 19RO tiRge
I nspection unit base 121 for their pattérned shapes and to determ ne

acceptance @liiggjedClatorhef adheanioduend. Thaiild hh ldnd & 40 ae 1823 1 S
centered at the center of the island portion thereof 131 with the centers
of the cont £fatameldD3 126 hedsp bettiveeny piavtth iro et HS4veanich are
Y rotated by the motor 140 via the belt 150 and the.other
end thereof is placed on the axis of the rollers 162 which
is rotated as the IC lead frame 103 moves, the IC lead
frame is advanced. The iransportation of the IC lead
frames 103 from the first visual'inspection unit 104 to
the second visual inspection unit 106 is synchronized
while one end of the IC lead frame 103 is held with pinch
rollers 154 and the other end therecf is placed on the
axis 152 of the rollers 162.

When the IC lead frame moves to contact a stopperx
sensor 155 in the first visual inspection unit 104,
positioning pins 156 are moved upward to be engaged within
guiding holes 157 of the IC lead frame 103 so as to set
the initial position. At the first visual inspection unit -
104, light is emitted onto the IC lead frame 103 by an
irradiation means 119, and the reflected light is caught

by a TV camera 120 to pick up images of the whole IC

portions 100P of an IC lead frame 103 respectively to



the cases 123, 124. The frame portion 134 of the I1C lead frame 103 cones to
" abut against the faces 158 of the cases 123, 124 so as to nmaintain the
non-contact state with the contacts. 125,.126. If a particular IC lead frane.
103 is not deforned, it does not contact the contact 125 or 126 as there is
a mnute interval therebetween, but if another particular 1Clead frame is
def ormed beyond the marginal value, it inevitably contacts either the

proj ect | 6AMBPaBeopndhanAdYESstheAT dMRERM Whth| EBEr FEAPTENFRUIBAERt endi ng

fromthe case 123, 124 gor fromthe ollea iG% and_t he guide 163) to the
| ead frah® 2D31HAge HRSPEREACPSURSE PR5E 1Pk ERFSTREIE, PRRESEReL i ri cal

' s d d,b ' d . Thi
cnabl os. BhBBPECoRRGtE ARLPARGAR. SREPEEAT bR OF BEPBPRAPTORE BBSond i he

mar gi nal §§53$ gxisting both in the frame portion 134 and the island
portion BT ﬁeﬁ, the IC lead franme 103 is advanced to the - 12 second

visual |nspect!ggehl tnd09candahnerbfibl 195 BASLELRE EACREOIpES SOt DY
s 15 0

engagi ng the positioning pin 6 into the guiding es 157 in a manner

simlar tentBe BeskhbOBs1hRE pbrihenf thekewistiah WRERCehEOBenpbis104, the
reflected light 1s caught by.a TV canera 120, inmages of the plated portion

136 of egeghth& penthaeesl0OPR,oll26heekpadtivany,183di 3si hekanbétweehy but
consecutively picked up to be conpared
the cases 123, 124.
The frame portion 134 of the IC lead frame 103
comes to abut against the faces 158 of the cases 123, i24
so as to maintain the non-contact state with the contacts
125, 126.
If a particular IC lead frame 103 is not deformed,
it does not contact the contact 125 or 126 as there is a
minute interval therebetween, but if another particular IC
lead frame is déformed beyond the marginal value, it .
inevitably contacts either the projection 129 or the
recess 130 to form an electrical circuit extending from
the case 123, 124 (or from the roller 162 and the guide \/
163) to the lead frame 103 and the contacts 125, 126. In
this case, the electrical connection is detected by a
connection detector 126. This arrangement enables precise
and siﬁultaneous detection of deformations beyond the
marginal value existing both in the frame portion 134 and the

island portion 131.

Then, the IC lead frame 103 is advanced to the



and analyzed wth the reference images by the inage inspection unit base
121 thereby discrimnating acceptabl e products from defective ones. The
resol ution of the second visual inspection xELt i s higher than that of the
TV canmera 120 at the first visual inspectionunit 104 so as to enable

m nut e “laspection. The IC lead frame 103 which has passed through the first
and second visual inspection units 104, 106 and arrived at the

accept abl e- prasrend twlgusg csRecHicn 1084 S0 Frehddhe ditnig istlo mesd tHZM and
t aken out as an acceptable product unless it is detected of any defect or
abnormality. SARFEhE S dlatey BPEAEEHENG R HiGRIg i fferdddndint® ar to

the direction of the line, and the side plates 138 |lower, the IC |ead frane
103 i's | ower dd' FHE NG HRF A5k HE FediAieTy Stk to e B hans

I 138, d when t.h X | Vi, Al 41 s f, I id
o ate 190, BN e e LECET (OGS AL S I i Le o1 o
t det ' i1 t [ ¥ \

Lo, 3 detel SRS BN WP D3RP P 05 sk, T sle g
b he | f i\ : i
etveen the |sad f5ATp0n4 M diearl i sectics e @ i tonimstydad

frame 103 on ase 144 constant. n any ect or mality 1s

19 (ra;ﬁgt ESSb%/sai%lo%}E)%%gﬁﬂﬁg@g %&e%&%ﬂ%&éﬁgﬁiﬁéﬁégeﬁ ﬁlbréougg;5 ﬁ%ﬁ?eed
accept abl e- praghicind Rid ey wailth dhe e eyl images by the image
. inspection unit base 121 thereby discriminating acceptable
~ products from defective ones. The resolution of the second
visual inspection unit is higher than that of the TV camera
120 at the first visual inspection unit 104 so as to enable
minute inspection.

The IC lead frame 103 which has passed through the
first and second visual inspection units 104, 106 and
arrived at the acceptable~product-taking-out device 108 is
suspended.at a stopper 159 and taken out as an acceptable
product unless it is detected of any defect or abnormality.

N When the rollers 137 recede in the direction perpendicular
to the direction of the line, and the side plates 138 lower,
the IC lead frame 103 is lowered to be received at the
receiving section 141 of the side plate 138, and when the
receiving section 141 is further lowered, the side plates
138 further recede to release the IC lead frame 103 which

‘drops down to a determined position on the base 144 to be

stored. The elevating cylinder 143 slightly lowers so as



Is taken out fromthe line to the base 144 in an operation simlar to the
one descri bed for the acceptabl e-product- taking-out device 108. The

af drenmentioned visual inspec- tioon and shape inspection can be perforned
repeatedly and automatically at a highi@fficiency as described in the.
foregoi ng statenent. Wen said inspections are repeatedly conducted,ﬁagd-
accepted I1C lead franes 103 are stored up to the nmaxi num capacity of the

two basegolfdinithan aher dntervialdee tidarPuHe dake frahlet oh42nk0 Store the

same within a stocker 146. The stocker 146 noves vertically to release the
engagenepeceavdmegn seltd iloat audl atyd ivhdetobilosand ealde firallee 10420nand new y
engages another table 142 with the engagi ng section 160 of the | ateral

cyl i nder thé5baise A4l soniseanihl e 142 to the receiving position 160 so as to
store the | ead frames 103 thereon. The arrangenent of the first and second
vi sual inspecti #hemniany Gefect0eraddnormadiidye iisndedercited byi ang05 are by
now nmeans |imted to the above descri bed - 14 - arrangenent, and the
first an@fs&bEndNFPeFAioNnIwdds 30 4unill$ 1608 106 ,mipendC deadd as one
integral unit. _The automatic inspection systemaccording to this invention

havi ng af&PBRerCPod€d S$PPRedurs the SIRPPRE tvd editesnwhayissf passedp)

Ao 2T et spal LsRect 903 20 Rl R0 AIL,8 L3Pgsy on of the

is taken out from the line to the base 144 in an operation
similar to the one described for the acceptable-product- \)
taking-out device 108. The aforementioned visual inspec-
tion and shape inspection can be performed repeatedly and
automatically at a high efficiency as described in the
foregoing statement.

When said inspections are repeatedly conducted, and
accepted IC lead frames 103 are stored up to the maximum
capacity of the two bases 144, the lateral cylinder 145
pushes the table 142 to store the same within a stocker
146. The stocker 146 moves vertically to release the
engagement between the lateral cylinder 145 and the table
142, and newly engaces another table 142 with the engaging
section 160 of the lateral cylinder 145 and pulls the table
142 to the receiving position 160 so as to store the lead
frames 103 thereon.

The arrangement of the first and second visual
inspection units 104, 106 and the shape inspection unit

105 are by now means limited to the above described



automatical ly performed on line, the inspection precision and efficiency of
t he overall process can be remarkably enhanced conpared with the

af orenenti oned nmechani cal inspection as well N the prior art visual

i nspecti-on. B) As the inages on the inébéctTon obj ects are conpared
with the~ eference images which are stored in advance for analysis, the
precision and efficiency in the inspection for patterned shape and plating
appear ance ofanXZngRReRtandRd ctihe bbiystrandcserendrkaghyl D)spection
deformation of an IC |l ead frane can_be detected fromthe electrica
connection t Hbtigh toht ak1& may the sTeredt 29rordapetegrepbcerbh. unit,
deformation in shapes can be easily detected at hi gher precision and

ef ficiency without tHef REPPIFLICERTRRTFHON t FESTeR | *REPFEIMPsto ihis  (ne
IC lead frang is held gitmeen tpe'cases.oqﬁgoth sides in this jnvention
shape i nspect¥BERTHE &t ot e F ofF FPEABHIP TR T EFHF FRDDt 7R e g ¥dtor ti on
- 15 - and t f oLt} an be simultaneously detected to thereby
further ipr%h&%éﬁ?#ﬁé%%%%ﬁ%%‘efficiency. E) According to the

preferred enbpdi mentgg lif hige IW&EN 1 thsﬁéci{ﬁ?%‘%lﬁ]?gﬁt_%%r?%}éiﬁé d

bet ween pinch rollers ITe 1t 1's conveyed w

synchroni zation, theRpsiféd ofdpdl S RCEIEHe Cbvd P11 NSPSSE | @4h ofd ect from
scope of the inspection _
: automatically performed on line, the inspection
O precision and efficiency-pf.the.overall.process can
be remarkably enhanced compared with the aforementioned
mechanical inspection as well as the prior art visual -
inspection.

B) As the images on the inspection objects are compared
with the reference images which are stored in advance
for analysis, the precision and efficiency in the
inspection for patterned shape and plating appearance
of IC lead frames can be increased remarkably.

C) As deformation of an IC lead frame can be detecied

./ from the electrical connection through contacts in
this invention shape inspection unit, deformation
in shapes can be easily detected at higher precision
and efficiency without the need for destructing the
I1C lead_frames.
D) One IC lead frame is held between the cases on both

sides in this invention shape inspection, the

deformation or abnormality in both the island portion



never occurs. A second enbodi nent of the invention will now be described by ~
referring to FIGs. 6 through 10. FIG 6 shows schematically the whole
structure of the second enbodi ment of the auto- matic inspection systen1for
| C lead franes according to this 4 adention. This enbodinent is -
‘characterized in that the present invention automatic inspection systegmis
placed after an automatic plating unit 244 which continuously plates N

| ead franes 28ndokhehfraneepPrhéonThan| bel sanuitanesusdy dmptestede t he

obj ects of inspection are sug plied to the starting point _aon the conveyor
line 203 by atPoheRgPyvinfrrd ErahﬂPEPHEe&hFhéPEBHCt?HEyeﬁféC&SHFded on the

“nopeckl on urecSBATIRGrR Ehey BaPEePRencEREROSTEPRE: Praphia ance, The
Conveyor [?Licéﬁgnﬁé‘gabtya%?hé ot~ Sse'rl?i?%ts' 38 R I8nER8VeERe roj oot ed-

i sual § nepecPioh augi%%ééﬁ%egi?L?oﬁér‘se?ﬁ@(@ 45" B ehIRe ErRo S8R eent ce 205,
Then, a certain piberonlLC;bRAC:heaRa:200nRicasammbednlllt 8 @ 0t Lo be

|nspected of p fness ng S Inspection unit 248.

Both those retﬁ&tﬁﬂsgégtﬁaﬂ BB?E@taQQSﬂtg@o%éger%hEeEHEBSQtE%nthe conveyor
line 203 tenporarily. Wen they reach a taking-out device 251 at an

unl oadi ng uni 4e¢88, c8Bh¥saccepted | ead franes 249 are taken out by the
devi ce

A second embodiment of the invention will now be desgribed by

referring to FIGs. 6 through 10. FIG. 6 shows schematically
the whole structure of the second embodiment of the auto- '
matic inspection system for IC lead frames according to

this invention. This embodiment is characterized in that
the present invention automatic inspection system is placed
after an automatic plating unit 244 which continuously
plates IC lead frames 201 on the same line. The IC lead
frames 201 which are the objects of inspection are supplied
to the starting point on the conveyor line 203 by a loading \;)
unit 202 and placed thereon. They are conveyed on the
conveyor line 203 to one of the inspection-units 245 or

a visual inspection unit 204 where they are inspected of
their appearance. The products rejected 246 By this

visual inspection are removed from the conveyor line 203

by a taking-out-device 205 being one of the rejected-
product-taking=-out unit 247 for :ejected products. Those

accepted by the visual inspection are advanced through the



251 fromthe conveyor line 203 and piled up for each | ot on both sides of
the line 203. Wen the finished goods thus accepted reach the nunber of one
lot in the pile, they are packaged for eachgl ot with rust-resistant paper
by a package unit 252. Those rejected 250 are finally taken out of the line
203 by a¥faking-out device 253 at the termnal of the |ine 203. The

descri bed. THETORI THE (RPN S pr i toc? St FROB RISy Bbi 1R 154 he
i I Se | ti t.abl 207 207D, d

chucki ng devii g S0F APE FE T At A Toheto 200 TR T08E Rhunting

t abl 207a, . ' . | Lty of f.eedi

bel 15 210 oadiering ShEOIEH by { RretLAg B Offe ds DRt etdord o S und

two rollers raspectiyal Yendde Oy 350 S5 2Hse 2B & RIS ON both

sides of the feed belt 210 close to the 1 nput termnal of the conveyor |ine
whil e the chuedgithéle Vi eclZd Sodrvddaie erliad 0yEs t H@ipoddel PUNtWHE taldes
207a, - 17 - 207b conprise respectively brackets 212 for vertical

posi tioni ng arshdt ag kedlsir@eodvradvatee ai5past tamnmipadimh Wi ot ed on a
base plate 211 so that IC lead frames 201 nmay be piled and kept thereon in
a preci se mamrely dFctehted 2léad styanes da4P care healken towt dfy tthe bbseiqd at e
211 in a manner freely novabl e upward/ downward by a cylinder 226 so that
plural 1C | eatb¥ rfmams titd gonespem tine 1203 carxd piled up for each lot

U on both sides of the line 203. When the finished gcoés
thus accepted reach the number of one lot in the pile,
they are packaged for each lot with rust-resistant paper
by a_paékage unit 252. Those rejected 250 are finally
taken out of the line 203 by a taking-out device 253 at
the terminal of the line 203.

The structures and operations of aforementioned
units and devices will now be described. The loading unit
202 is provided at the starting point of the conveyor line
203 and comprises a pair of mounting tables 207a, 207b,

~ and ‘a chucking device 208 which takes out IC lead frames

| 201 £rom the mounting tables 207a, 207b. The conveyor

line 203 comprises a plurality of feeding belts 210 each

of which comprises,two circular belts 209 suspended around
two rollers respectively. The mounting tables 207a, 207b
are placed on both sides of the feed belt 210 close to

the input terminal of the conveyor line while the chucking

device 208 is placed above them. The mounting tables 207a,



are noved upward to the sanme height as the conveyor |line 203 while the
topnost lead frame is being inspected with a sensor 214. The chucking
devi ce 208 conprises a supporting nenber 216 which is fixed at both ends
with a belt 215 rotatable by a drivi A motor (not shown) so as to sl.ide
hori zontal ly, and a chucking section 218 provided with a pair of chueking
mechani sns 217a, 217b. The chucki ng section 218 is supported in a nmanner

verti cabbybmevablre seh respredtivellyt beaskeper Rilg rarniertdtdiby conpact
cylinders 219, and are slided upward/ downward only when IC |lead franes 201

are to pestiakeniagt aadd bragckiessd 236 Herddateriadd poatieipnibhgcwhdichchucki ng
mechani snms 217a, 217b is provided with a pair of chucking claws 220

r espect avel prectedt bneaddbase patet 24Ut somdatl d&d leadnEradesn@Plbe hel d
gently but firmy on sides with the claws 220 by the force of a spring 221,
or the maxdber pidegdoangnkepd thereensdd & precisehsieansy . cl Awsable when the
claws are _receded from each_other against the force of the spring. - 18-
As each2éB fEePre¥ddrRamds thel bt tein ety the bager Rlakeh 2ddadd 220 on si des,

S RN SR LRI TR K S AT SN
7 DO Pt R b RERRGRO kel SRR oA, BUpIRTLA Py I ares
the tmoa?@“&%b@ﬁ upward'to the same height as the conveyor line

203 while the topmost lead frame is being inspected with <

a sensor 214.

The chucking device 208 comprises a supporting

member 216 which is fixed at both ends with a belt 215

rotatable by a driving motor (not shown) so as to slide

horizontally, and a chucking section 218 provided with a

pair of chucking mechanisms 217a, 217b. The chucking

section 218 is supported in a manner vertically moﬁable

in respect of the supporting member 217 by compact

cylinders 219, and are slided upward/downward only when

IC lead frames 201 are to be taken out and mounted (to be

described later). Each of chucking mechanisms 217a, 217b

is provided with a_pair of chucking claws 220 respectively

at both ends so that the topmost lead frame 201 may be

held gently but firmly on sides with the claws 220 by the

force of a spring 221, or the lead frame 20l may be re-

leased from the holding claws 220 when the claws are

receded from each other against the force of the spring.



mechani snms 217a, 217b at the chucking device 218 is corresponded to the

di stance [err] between each nounting tables 207a, 207b and the conveyor

| ine 203. In other words, when the right chucking mechani sm217a is
corresponded to the right nounting tabt@8207a, the |left chucking nechani sm
217b bebetres aligned to the conveyor |ine 203 while when the |eft chucking
mechani sm 217b is corresponded to the | eft nounting table 207b, the right

chucki ng nechanisderlof ecoresy af+ames te1the &Qxﬁl*JP%’Qﬂeici g BP3Juch
Accordingly, the operation of taking out an IC Tead Trane 201 fromeither

the nmountinglawsi@z0 28 asideDHaidlite tougkntle N@sditdh st Rdoia 217b
‘can be perfornmed sinmultaneously to the operation of placing another 1C |ead
frame 201 on rewe dofayatidnneard3f baws heh ek may sochewwi $e 12 | alarsdibt h

hori zontally and vertically. This drastically enhances the efficiency as IC
| ead franes 201 imspéeticken dlthaigh ot aphewn povhereold previdedat on t he
conveyor line 203 by alternating the nmechanisnms. The IC | ead franmes 201
thus placed on RORitRNesisie |Pheth®lend EHReEedll 2 tfRVice fhdchinit, the
vi sual inspection unit_204. The vi sual inigection unit 204 conprises a

vi sual i nspeRIVFERFF t 1988 nEXRRSS 2DOMAPEH S nSPERT SOThet AFIRER aA® AR%ach
e e B DBl L L 2202l L AL DU AEd e
Lo o Ak LDy Bl B L RSP e e sppear ance o
U corresponded to the distance 200L; between each mounting

tables 207a, 207b and the conveyor line 203. In other woxds,

when the right chucking mechanism 217a is corresponded to

the right mounting tablé.207a, the left chucking mechanism

217b becomes a2ligned to the conveyor line 203 while when

the left chucking mechanism 217b is corresponded to the

left mounting table 207b, the right chucking mechanism

217a becomes aligned to the conveyor line 203. Accordingly,

thé bperation of taking out an IC lead frame 201 from either
. the mounting table 207a or 207b by the chucking

mechanisms 217a, 217b can be performed simultaneously to

the operation of placing another IC lead frame 201 on the

conveyor line 203 as the mechanisms can be slided both

horizontally and vertically. This drastically enhances

the efficiency as IC lead frames 201 can be taken out of

the tables 207a, 207b and placed on the conveyor line 203

by alternating fhe mechanisms. The IC lead frames 201

thus placed on the conveyor line 203 are advanced to the



by picking up images of an IC lead frane 201 fromthe light reflected

" thereon with a TV canera 228 mhich integrally in- corporates a |light source

cover 227, conparing and anal yz- inggthe inmages. The TV canera 228 is

supported novably upmard/domnmard on a gui de shaft 229 and can be flxed at

an arbitrary position with a | ock | ever 230. There are provi ded pinc

rollers 223 and taking- out rollers 224 respectively at input side and’

out put sheetofinihe tbesviewshtissprget200Suoitt Ré4canera 228. The pinch

rollers 223, 224 are provided in pairs; one for upper side and the other

for |ower side. THReVBERRS 2BSPaFEiSNsBBAded04nCORRTREREr apvashalol | er s

223a, 224a. The belts 232 are revolved freely by plural roller groups

|nclud|nbnﬂPPGFﬁenrBPFEr§32§1b°¢ﬁe aﬁpeplﬁpnéﬁsPﬁFFﬁr§h22389e22éﬂc&re

structured and, shaped i.n onl, o] tact I |de face of an

IC lead ? ﬁ§°§0§8 ﬁeﬁﬁdéfa?ﬁ gséfegﬁth Fﬁée %E ég ﬁ@ ref erence

nuner al den Ilar d o.secure e ta |ng out

- 20- ope?g?F3ﬁg¥?E;?§a e??a £5§eaP§t|éF ﬁﬁ? tgﬁFF§ aabghcéﬂ by the

pi nch rog'§5§§2§8n§§§4méeﬁaﬁ@gm pESPELE 98 hgaBCELRgLY! dugl | 200P at L he
age I'a

measur enen S sequen en set On e stage 200S, IC |lead
frames 201s35¢ iHE%Q@El@HShﬁhQnﬂglﬁybba9 §9§Iaheaeeqs"Eﬁeaagggézgﬁcgav'ng

positioning pins whi ch are plated bel ow t he stage
novabl e gpvasghdopnpesrdisRNPEOP WRiehhebrwer dach IC lead frame 201
by picking up images of an IC lead frame 201 from the light 'QJ
reflected thereon with a TV camera 228 which integrally in- |
corporates a light source cover 227, comparing and analyz-
ing the images. The TV camera 228 is supported movably
upward/downward on a guide shaft 229 and can be fixed at
an arbitrary position with a lock lever 230.
There are provided pinch rollers 223 and taking-
out rollers 224 respectively at input side and output side
of the measurement stage 200S of the camera 228. The
pinch rollers 223, 224 are provided in pairs; one for
upper side and the other for lower side. The belts 232 "/
are suspended on the lower pinch rollers 223a, 224a. The
belts 232 are revolved freely by plural roller groups
including driving rollers 231. The upper pinch rollers
223b, 224b are structured and shaped in a manner ohly to
contact the left side face of an IC lead frame 201 in order

t0 protect the surface thereof. The reference numeral 243

denotes auxiliary rollers provided to secure the taking-out



the positioning pins 233, 234 are inserted frombelow into small holes 236
bored serially on both sides of an IC lead frame 201 to accurately position
the 1C lead frane 201 on the stage 200S. This enables precise inspection of
t he appearance of each | C 200P. After the vi€8at inspection, IC lead frames
201 are Maced again onto the conveyor |ine 203 fromthe pinch rollers 224
and conveyed to the, taking-out device 205 for rejected products. The device

205 is provi FREAGTIP: chtlckd SR deRAnes 228 1BRA i kerdnidhan LYy asv@nesics ns

237 siml t id | i ng: i t T. devi 205 f t aki t th

rej eilt (rand g;od%ctstg’l? splgg%;‘?%jéf%ﬁ"t %0%2%6 ﬁﬁﬁ%?ﬁ%%%?ﬁ%i‘g&qo%ctei on
it 204, VA | [ t ' |_indicati t f

o ected prodit 4L 46 166" 40 i i ing Y, RIS AAdY DRSS

t he defectivqyywxumts 201 on the conveyor |ine 203, slides them :
hori zontal |y, "and pl aces themon the side of the |line 203. The chucki ng

devi ce 238 -21- Rafed W CROICKHW BRI EIS, 3T 1d8d ASRIOPHaL S5 €

sel domrej ected, one chucking nmechani sns 237 suffices. Even though rejected

fromthe |inegudtise g BeisedBiudie sy diiiRf mithaHiane G 25 havaert | y

by the mechanism 237 in this invention nmethod and therefore free of

addi tional f gyl ithiief grims i 285, WE L widieraye e e teadw it heo s teglel ed

"ki cking out" enployed in the conpressed air nethod or the revol ving arm

met hod. Thi s 3G Snimdy amegel eupward/downward manner. In other words,

' Y the positioring pins 233, 234 are inserted from below into
small holes 236 bored serially on both sides of an IC lead
frame 201 to accurately position the IC lead frame 201 on
the stage 200S. This enables precise inspection of the
appearance of each IC 200P.

After the visual inspection, IC lead frames 201 are
placed again cnto the conveyor line 203 from the pinch
rollers 224 and conveyed to the taking-out device 205 for
rejected products. The device 205 is provided with a
chucking device 238 having two chucking mechanisms 237

— similar to said loading unit 202. The device 205 for
‘taking out the rejécted products is actuated with the
‘'signals from said visual inspection unit 204, zné only
when it receives the signal indicating the presence of
rejected products from the unit 204, it holds with the
chucking claws 239 the defective products 201 on the

conveyor line 203, slides them horizontally, and places

them on the side of the line 203. The chucking device 238



rej ected products are recycled. These accepted products further advance
past the taking-out-device 205 to the next stage, the plating thick- ness
i nspection unit 248. The reference nuneral 254 denotes a plating thickness
i nspection unit main body, 255 a ®aktna- out device and 256 a device-for
returning the sanple to the Iine. The taking-out device 255 and theJQéyice
for return- ing 256 have chucki ng mechani sms 257, 258, one for each, and
are I eciHiHoald eHRUAH S rRILHH Yer © 57 e ddGdddifdLRREdARIom The

pl ating thickness inspection unit main body 254 71s a non-destructive

i nspect ix@y atidd Word) crAicKHIRRS WiecH e dnkd CIaTessu i ddAl | n8,eappl i ed on | ead
frames by emtting radio active ray ([err]-ray) onto |ead franmes 201 and
measur i richadyh trd jeotess ffont ehepl bineg thdsefrdfethar loraornidtay iaxe t her eof .

Not all lead frames 201 are taken out fromthe conveyor |ine 203, but
sever al hangl lsgh@nst] Stomadnertotgergaimpld 4headdctaresm? @B 7Zarien | nspect ed by
the plating thickness inspection unit 248, and are returned - 22 -to

t he |i nd&hdEB inwemdqrenethas@ndrthenefoneframat ragidirtiehalo the |ine 203
fromthe unit 248, |ead frames 201 are further advanced to the next stage,
the unl Wy anf defrmatione M s OHhartidge 2p R PYaFo-
accepted}ﬁép%gqﬁﬁl ki ng- out, device which aas_tmo.chuc - ing nmechani sms 259
such as G4 S%ads OB SRRLNFLHR HIRF R IFUAEERRS ch are

jt ﬁg?ned %Crce&[eal}leevoafvisn i da:%{ %étr}g:c{ .hi C':M]iess S:i'.si &P eacévia%q:auglg twhzeAh8 and piles

rejected products are recycled. \)
These accepted products further advance past the

taking-out-device 205 to the next stage, the plating thick-
ness inspection unit 248. The reference numeral 254 denotes
a plating thickness inspection unit main body, 255 a taking-
out device and 256 a device for returning the sample to the
line. The taking-out device 255 and the device for return-
ing 256 have chucking mechanisms 257, 258, one for each,
and are reciprocally movable on only oné side of the line
respectively. The plating thickness inspection unit main
body 254 is a non-destructive inspection unit which can
measure the thickness of plating applied on lead frames
by emitting radio active ray (B-ray) onto lead frames 201
and measuring the thickness of the plating out of the
back-scattering thereof. Not all lead frames 201 are taken
out from the conveyor line 203, but several are sampled

from one lot. Sampled lead frames 201 are inspectéd.by

the plating thickness inspection unit 248, and are returned



in the unit of lots on both sides of the line 203. If any one product in
one sanpled lot is judged unacceptable for the plated filmthickness, the
whol e |l ot is judged unaccept- able and reifcted The accepted products
her ei n' mean the lots of products any of ich is not. found unacceptable
when s ed. The IClead franes 201 piled up in the unit of lots are

therefore Mlnab phodughe 249 Yoi ofe Aievaceepd@lte: Tl anpagiance and

pl ating thickness, and are conveyed to the packagi ng u 2 by a

transporting means (WRénShévérned td Nendackadi s siade thd difad F4g@anes 201
are packaged-in the unit of a lot with rust resistant paper which i’'s.

applied or inpeagnfitasesi 201 saté i figr tiest SddvVinSEgENto Ofhd UsdxDI<eyd ] on
agent. The plating (especially silver plating) on these | ead frames 201 are

sul fided and thstedl¢bdingeneily 2en ERiposesfdretde miner8UCEEY ~otIE ence
may be prevented by packaging the IC lead frames with aforenentioned
anti-rust papan.atheppedcprsdiot- talcipy el Gprotice orhlicchdras thite ginakict s
250 whi ch are_ found unacceptabl e by - 23 - the plating thickness

i nspecti on unt®g Mechapismpe Qﬁﬁleﬁruﬂarﬁﬁ the e qrdingl Wk 2G% mndawhirah

251 on the conveyor |jne 203 QX and are further carrled on the

line 203 to thekedjerty Ehe Y Q};é]‘%:g?%a‘%? BHARA 3Gt AR ng the
203 10 be- st of B ot Bt RE ST HER THES cd1S r%%feéj VT4 BT e et e
one by one gefﬁ'Xthuﬁfg of lots on both 51des_of the line 203. If any
— one product in one sampled lot is judged unacceptable for
the plated film thickness, the whole lot is judged unaccept-
able and rejected. The acceéted products herein mean the

lots of products any of which is not found unacceptable when sampled.

The IC lead frames 201 piled up in the unit of lots
are therefore final products 249 which are acceptable for
appearancé and plating thickness, and are coﬁveyed to the
packaging unit 252 by a transporting means (not shown).

In the packaging stage, IC lead frames 201 are packaged in
W, the unit of a lot with rust resistant paper which is
applied or impregnated with sulfide resisting agent or
rust prevention agent. The plating (especially silver
plating) on these lead frames 201 are sulfided and rusted
(blackened) when exposed to the air. Such inconvenience
may be prevented by packaging the IC lead frames with
aforementioned anti~rust paper. The process for écceptable
goods ends here. | |

The products 250 which are found unacceptable by



chucki ng mechani sm 260 of the device 253 to prevent injuries thereto, and
therefore can be recycled. The order and positional relation anong the

i nspection units such as the visual .inspection unit 204, and the plating

t hi ckness inspection unit 248 on the 8nrveyor line 203 are not limted to
t hose descri bed above, but may be contrary to the above; i.e. the pLa#?ng
t hi ckness inspection unit 248 may be placed in front of the visual

i npsect irgye iézi%@f‘l-tﬁ&ﬁsp@@ac@oﬁ hé W A, id?ﬁ&@@tiog@xe'fnit wi Il now
be described by referring to FIGs. 11 and 12. In this enbodi nent,

first amdregcontredParidet ihe i | tosmmval@ni821 ar @5l agedHeeiomeRydd | ght
source 301 and an IC lead franme 302, and between the IC |ead frame 302 and

a TV camamnz 203 bhhetHid teragd?0 drel e furetHeirgdaryded @n3@heand nieheod ead
frame 302 is adapted to pass only light 322 polarised in one plane only
(i.e. eitchaéhehoeijedntrehdvwpl auniter t45Galdty fied anitgedt [tegitinali hatvtiing

enbodi nent, it only passes verti- cally polarised |light. The second filter
321 bet e same |stFndtunRe Bpthe loz@ing and tt RO2rvheneethey0Brgasses t he

l'i ght 323 which crosses perpendicul arly the |jight 322 passing_ through the
first plakarziawF @9 ttdie Id91q 303 e Ry Fteradoan: satd sidgst ?cherﬁ@ .

o T e iy s tad, St A Handled Bn By Sre Bane 1Y By 'the® 210"
chucking mechanism 260 of the device 253 to prevent injuries
thereto, and therefore can be recycled. ;)
The order and positional relation among the inspection

units such as the visual inspection unit 204, and the plating

thickness inspection unit 248 on the conveyor line 203 are

not limited to those described above, but may be contrary

to the above; i.e. the plating thickness inspection unit

248 may be placed in front of the visual inpsecticn unit

204,

One embodiment of the visual inspection unit will

now be described by referring to FIGs. 11 and 12. 1In this

embodiment, first and second polarizing filters 320,

321 are placed between a light source 301 and an IC lead

frame 302, and between the IC lead frame 302 and a TV

camera 305. The filter 320 between the light source 301

and the lead frame 302 is adapted to pass only

light 322 polarised in one plane only (i.e. either horizontally or
vertically polarised light); in this embodiment, it only passes verti-
cally polarised light.

The second filter 321 between the lead frame 302



When |ight 303 is irradiated fromthe |ight source 301 onto a | ead frame
302, "the natural light" is polarized by the polarizing filter 320 to
becone the vertical |ight 322. Wen the vert l'ight 322 is irradiated on
the lead frame 302, the |ight 304 reflected % éref rom becones mainly the
verti calNsight 322. Light received by TV canera 305: Wen the vertical
light 322 is reflected fromthe |ead frames 302, the |light reflected from
the pl ated poardobh€1TVbheamere APPfpseses thel dsght 323wehichscreésast ed
deviating in azimuth angle due to the presence of crystals of plated netal
(not shown) waerepep@idcy; gﬁinﬁhPeé%QHtfaéﬁ1Bﬁﬁéinﬁotgrehgh §h?h§1ﬁ6Fnal
reflected light_ 304 to be_ inputted at the TV, canera 305. This |nventor
enpirically kﬁ@%P?hé%nEvéﬁlFFrtﬁéolﬁgﬂttQSSnguFFraBPaEEBHBﬂ%o ight
irregularity 310, if_the Li s verti used reflecti and refrac-
tion woul d not occurTﬁﬁstﬁﬁg?PFéaﬁlEYSBSWt$6gi3§6 Hﬁ??kgng ?g

I rradi at ed on% ﬁ Iated Eg&#lon 311, -25- but the |ight reflected S
the normal ly 8} 88% & F?ﬁﬂ PRéut causing deviation in azimth angle.

Al di ly, f 3 h h th d
fffg;r'ggly gRaiDeibgT bect eduki Gt o394 h8aRagsEHet Y EaﬁEfgchS, e

the second pO'ar'Z'nﬁh&h'&§5h§2§09a§§e§reaaya£38 Robhzental ifh8hsource
301 ohto a lead frame 302, "the natural light" is
polarized by the polarizing filter 320 to become th
vertical light 322. When the vertical light 322 is
irradiated on the lead frame 302, the light 304
reflected therefrom becomes mainly the vertical light
322.

Light received by TV camera 305:

When the vertical light 322 is reflected from the
lead frames 302, the light reflected from the plated
portion 311 becomes diffusedly reflected.as well as
refracted deviating in azimuth angle due to the

(7 presence of crystals of plated metal (not shown) while
the light reflected from other portions is the normal
reflected light 304 to be inputted at the TV camera
305. This inventcr empirically knew that even if the
light 303 is irradiated onto an irregularity 310, if
the light is vertical, diffused reflection and refrac-
tion would not occur at the irregular portion 310

unlike the light irradiated onto the plated portion 311,



323, only the light reflected fromthe plated portion which is diffusedly
reflected and refracted with deviation in azinuth angle can pass through
the filter while the normally rgjlﬁﬁged light fromthe irregular portion
310 is blocked by the filter 321. erefore, no excess light will be=

I nputted at the TV canmera 305. By arranging in conbination one polahyZing
filter which passes only one directional light; i.e. either horizontal or
vertical |idmt akRe ahderreblested nks fhe eroxmrtly peebkectily the | ght
whi ch perpendjcular- |y crosses the fjrsf light at "the output side" of the

JUATE e i gt it s A
concretely %é‘f%/%’é#nﬁ%’ I"g:‘ﬁf‘f ?’rﬁrsegg?c%%% fﬁ%htl'\/-?@geng aP‘z‘f:’?ﬁﬁ(, this
2110 bo | PEARGAE S reschpe LBLLe S AL p Bod MARAD T B 10 in b
i deo o, ¢ oS AR a0d CRE Ky Y R | 906, 9 pik bR Y o °

i nvention, 1G] gagh {fanes 6L 131 ashasesl oy whé méhesihane Pl i sed

light, and therefore diffused reflection sel”dom occurs, and even if
i rregul ar pogii prenBXi the MidHE Tk dtedetfom I ethé g5l a tsltli gootiadn | i ght

toward the TV canmera, the addition- al or unnecessary |ight woul d be
shi el ded by whiticiwalsirdizffhigsedly reflected and refracted with
deviation in azimuth angle can pass through the filter
while the normally reflected light from the irregular
portion 310 is blocked by the filter 321. Therefore,
no éxcess light will be inputted at the TV camera 305.
By arranging in combination one polarizing filter
which passes only one directional light; i.e. either
horizontal or vertical light, and another polarizing
filter which passes only the light which perpendiéular-
ly crosses the first light at "the output side" of the
light source 301, (more concretely between the light
source 301 and the lead frame 302) and at "the input 1
side" of the TV camera 305 (more concretely between)
the lead frames 302 and the TV camera 305), this
invention system enables the light 304 reflected from
the plated portion 311 to be inputted at the TV camera
305 so that plated portion 311 can be distinctly
distinguished from non-plated portions 312 in the

density on a video monitor 307.



filter placed at the input side of the camera, and only the light which is
diffusedly reflected and refracted fromthe plated portion is inputted at
the canera. Therefore, the plated portion_and unplated portions are clearly
di stingui-shed from each ot her by inten§i?9'Variations on a video nonitor to

t her eby®™art her enhance the precision in the overall inspections of IC |ead
frames. Anot her enbodi nent. .of oad| ﬁﬂb t.Q be ua&d hn this inyention
aut omati ¢ i nspect i on”STOF8hEo oI Fed ° ofipentoRinEhdEsiFYBREIBY -

f f f
;ﬁde{ Lgn?exrgkﬁeﬁé ?59‘ %Ofr{ER‘eLIE%é\dE%fte ﬁf’ yg%ggge‘ﬁg’%t gnecl%fgr%fltsg'!r’:: ?edl
by the ChUCk'g ggtei t '%ﬂe&%f%%%o ?EBQ% EQE1%@%1h8agbﬁgo%3éEFH§Ed qREE

particularly chuc I'ng cl aws ani Sirs eréin. The

chucki ng C|a“§v4§0 ?a!§r§gﬁﬁhE 9BrQQbQ§reREQEe§n4¥ﬁea@@aQ|EEQheckam’”E”bers
417 while the chucklng mecha- nisns 431 conprises transporting neans

i ncludi ng airyreiepdengadtionad shghtstédlrahical nekeahetl,hehdessalaies-
414 approach -27- to each other in order to abut opp05|ng surfaces of

the cl aw nmenbelso¢lénnecesaaryClighd woad® Be2shtiellBedcbyr ehe pohdrfgihgne.
IC lead franmes 402 are piled on plural nunber on a nounting base 404 under
t he conditionfu&aErbpﬂhceadetsmhéaaeputlz;délﬁfthheeoﬁmara,hehd byl hehe
hol der 405. The nounting base 404 is novable vertically by air

light which is diffusedly reflected and refracted from the
plated portion is inputted at the camera. Therefore, the
plated portion and unplated portions are clearly distinguished
from each other by intensity variations on a videa monitor to thereby
_further'enhance the precision in the overall inspections

of IC lead frames.

Another embodiment oflthe loading unit to be used in
this invention automatic inspection system for IC lead
_frames will now be described by referring to FIGs. 13 and
14. (Refer to the reference numeral 102 in FIG. 1 and the
reference numeral 202 in FIG. 7).

o - This embodiment is characterized by the chucking
unit which is one component of the 1oadin§ unit, and more
particularly by_chucking claws 430 and chucking mechanisms
431 therein. |

The chucking claws 430 have a pair of holder plates
414 and plural claw members 417 while the chucking mecha-

nisms 431 comprises transporting means including air cylinders 415

and shafts 416 which make both holder plates 414 approach



cylinders (not shown) so that the topnost |ead frame 402a is constantly
kqpt at the sane height. At the center of a supporting plate 406 is
connected a shaft 411 of the air cylinder (not shown) which is novable in .
three directions; i.e. the directt&ds™indi cated by an arrow 400Y, an-=arrow
400Z and an arrow 400X. The support- ing plate 406 is further provided with
two el ongated guide holes 407 in parallel. A pair of holder plates 414 are
at t acheddhemet lotdmah isuprddn g @Enite o irid surifdeead E 4hd whi ch can
nove within the guide holes 407. Shafts 416 of the air cylinders 415 are
connect ed aat membezantddi? ghticharitGrleadi fame 0 atheheolcderesi-at es 414 in
a manner novable in the horizontal direction. In other words, both hol der
pl at es PPRSERY diMmeoacHC lead framar 4Gomuedilathen pdured shafts 416,
416 nmove horizontally. Air cylinders (not shown) connected to the

suppor t NWFhSEratd LGMNFNG Rage 4 wneer Eimeandd kiemdtidthol der pl at es

414 are attached to d suppqrte y .a NoVj Ny chani,sm (not shown) in a
manner MKFDISSGE SHFEAER 1P . tlflﬁﬁeocé'l ﬁ%semj’Pl;aaalbé( %p%‘r‘?&é(?rf rom out er
si de s. of .t he er_ plat 414 vi.a Sspr.i_ngs 418 and

are pai r4<-£(?.2'8 ah?ﬁlljvrg;oac % 1ﬁjﬁﬁo addaf‘r"f:’ I“E"T%Z‘lc? FMeEHeC l %1'12 %é’maﬂﬁt h sides and
LDt AR Ml R S B SRR SR gl g Sheo
Descri pliOn.afiddantay Bl VAN dHb Tt i dik .
At the center of a supporting plate 406 is connected \;)
a shaft 411 of the air cylinder (not shown) which is movable
in three directions; i.e. the directions indicated by an
arrow 400Y, an arrow 400Z and an arrow 400X. The support-
ing plate 406 is further provided with two elongated guide
holes 407 in parallel. A paif of holder plates 414 are
attached beneath each supporting plate 406 with guide pins
413 which can move within the guide holes 407. Shafts 416
of the air cylinders 415 are connected at the center of the
outer side faces of the holder plates 414 in a manner
movable in the horizontal direction. In other wordé, both /
holder plates 414 can approach and recede from each
other as the shafts 416, 416 move horizontally. Air
cylinders (not shown) connected to the supporting plate
406 and air cylinders 415 connected to both holder plates
414 are attached to and supported by a moving mechanism

(not shown) in a manner movable in three directions.

Four claws 417 are suspended from outer side



operation. The supporting plate 406 is positioned by a noving nmechani sm
(not shown) i nmmedi ately above the topnost sheet of the IC|ead frames 402
piled up in a plural nunber. By this tine. oth holder plates 414 are )
receded~from each other to have the interval larger than the width of an IC
| ead friwre 204. Claws 417 on the supporting plate 406 are |owered by the

haft 411 of th ' i nd It ' h
surtaces 419 BIETREEs idhc i Pl iR STRTEH A £y ke nTRee PERT bads 180 o ¢ e
t t 1CI f 40 Th, t f | | 414
aggrgzched tgﬁg%c ot ae’r'lz y’t@é‘?ér) 'lcl'%/ i%a%?%g%igféogﬂziﬁzﬁﬁ%e?%‘?e@? ance

between  ougly G £ AGR oAl Hadd P PON %#%t!gsef&%sy deecfel gplpp aips 204

with claws 417 thereof furt approach eac e alr cylinders 415

to conme to amﬁimtgpwsesé% SOHAAC O 281 0f sHEE 158G T £@3NBe B2 ViR t he

rough surfaces 41 thereof- Both holder plates 4147are still pressed
toward each qigyér ey@gedfd 20 &heyhabtbpmst N6¢ 168a Steame Odotde | ead frane,
the plate springs 418 are conpressed and the rough - 29- surfaces 419 of

claws 417 abut agai rpésédiptigosill asslv fiseangiwén cin respatitibmotd i nes and
tightly hold it there- between fromboth sides (see FIG 14). The topnost

| ead frame 402pexatikempt held as it is with the spring force of deforned

pl ate springs 418 and the friction caused between the rough surfaces 419 of
claws 417 and the upbes @pperting plate 406 is positioned by a moving

mechanism (not shown) immediately above the topmost sheet
~ of the IC lead frames 402 piled up in a plural number. By
this time, both holder plates 414 are receded from each
other to have the interval larger than the width'of an IC
lead frame 204. Claws 417 on the supporting plate 406 are
lowered by the shaft 411 of the air cylinders (not shown)
to position opposing rough surfaces 419 of the claws 417
at the height egual to both sides 421 of the topmost IC
lead frame 402a. Then both of the holder plates 414 are
approached to each other by the air cylinders 415 to.

Y narrow the distance between rough surfaces 419 of the
opposing claws 417. The holder plates 414 with claws-417
thereof further approach each other by the air cylinders

. 415 to come to abut onto the side surfaces 421 of the
lead frame 402 with the rough surfaces 419 therxeof.
Both holder plates 414 are still pressed toward each other

even after they abut against the sides of the lead frame,

the plate springs 418 are compressed and the roucgh



420. When the novenent of the holder plates 414 is sus- pended under this
condition, the supporting plate 406 with all the other conponents is raised
upward, laterally or horizontally, to take out and convey the topnost sheet .
of the IC lead franes 412a out of 2Phe pile. After conveying the supperting
plate 406 with other menbers to a predetermnined position, the hol der~gf ates
414 are receded fromeach other, and the topnpost sheet 402a of the |IC'l ead
franes crinrces kDt eellaws & b cakuerag sious poshe i opresty.lemd t he conveyor
belt). Although the nunber of the claws_417 attached to the hol der plates
414 vi a nane SHreRresENGIng ohkngs anG orts iy rakdlipdihedg~ t he nunber

of the claws and_the wdth of the rough surface may be determ ned ot herw se

dependi MFIEThS TG PIERIi FiAes e f 14 ) ead e HRPRREL IEAR4 r ough

surfaces, 419 not he serrated, but may be dqubl e-cut surfaces, or forned
with a SHES® oo 4% qb%ﬁ) rh%aitée%l ’tthe‘r%d’ﬁtﬁh HPBAF R e | C | ead

frame vi ' | O t hod or oy to.the Caimb5 of ,this

i nventi ﬁeﬂqn}éﬁﬁ?ﬁ?%%e }eéyélr | sedﬁfegfaé"rdr ir%be t%nl—‘f e ﬁ)a“}ﬁﬁi{ inog %h show
enbodi ; ' 0 t or. di to this

met hoh%él%&%ﬁ}waén% 041 | s&fsieéils spo{ﬁ {%{r\%}q}en%ee%oﬁ%s state in
rel ati o, aHdis R i GRImY H0hd qx&a%épapsw%; a1 Pl alyQoints, and

the image thereof is stored in nmenory. This store
pended under this condition, the supporting plate 406 with
all the other components is raised upward, laterally or \;)
horizontally, to take out and convey the topmost sheet of
the IC lead frames 412a out of the pile.
After conveying tﬁe supporting plate 406 with other
members to a predetermined position, the holder plates 414
are receded from each other, and the topmost sheet 402a of
the IC lead frames can be transported to a predetermined
position (e.g. on the conveyor belt).
Although the number of the claws 417 attached to
the holder plates 414 via plate springs 418 is four (in
front and rectal pairs), the number of the claws and the S
width of the réugh surface may be determined otherwise
depending on the longitudinal size of an IC lead frame
402. The rough surfaces 419 may not be serrated, but may
be double~cut surfaces, or formed with a sheet of sand-
paper pasted thereon.

Another example of the IC lead frame visual

inspection method according to the Claim 5 of this



iﬁage I's used as the reference which is conpared wth input inmges of
other 1C lead franes 501 which are suc- cessively conveyed, positioned and
measured at the points 500A through 500H |f there are errors in the
conveyed-position to cause m smatchi ng betweén Tnput inmages and the
referredwtmage, the misalignment will be corrected by an el ectric neans.
After having jnput. i I Lan L eference i | ndivd dual
i nput i mage i %" %%E%%?gﬁd;flﬁh%gﬁfg%%éeg%%b%éaﬁag 1r'r"i(‘;:'r'lrt‘g Pﬁg%oIsch'l o]ﬁJ’ i1 be
fed back to t y ni 0, | Z€e,. | 5 | | QQ., |
conduct ed at gfu@g?gkgo%\?vg, é%]?\%g%ﬂéegg\g/eéggjéhéa?%%tss 2?0 t%%ggs%doicﬂr}t stsnaer e
conpared to the.geherence value, errors in neasurenents will be mnimzed
even if there 1s a.defect at any neasurenent point. As errors in

positioning mainly O£EE8br&ingheodthestmOthed, CARNVEYOleddrsidie doratd on

I ndi cated by an arrow 500X), the neasurenent points 500E~500H in the
direction perperest dpesibiohd@r hothernsvhwalli seatéoinirellzeiad dry &an arrow
500Y) may be onitted. As described above, this invention nmethod can
prevent accunimspectiof eameras 20éntofbeomeasuned pasiplumhgpaparsati ons are
repeated to mnimze the possibility that positioning errors of the
magni t ude beyamd théecimage boevecofisishstonedhdd weMPry sesThire stayss of
conparing input inages of individual |ead franes newy positjoned with the
reference | magBagpi &h wsedt af cthat refer ARFRENRHERI 1§ OFPRRRNRE iR he

errors if any,in copveyance_or positiponin L
: _ ylnput images of other Ié feag frames 501 which are suc-

~ cessively conveyed, positioned and measured at the points
500A through 500H. If there are errors in the conveyed
position to cause mismatching between input images and
the referred image, the misalignment will be corrected
by an electric means. After having input images aligned
with the reference image, individual input image is
inspected. The discovered misalignment in position will
be fed back to .the conveyor unit 502 to normalize it. As
inspection is conducted at plural points, and the average

o/ values at these points are compared to the reference
value, errors in measurements will be minimized even if
there is a defect at any measurement point. As errors
in positioning mainly occur in the direction of conveyor
(or the direction indicated by an arrow 500X), the
measurement points 500E~500H in the direction perpen-
dicular thereto (or the direction indicated by an arrow

500Y) may be omitted.



out of the m smatching between the above two i mages, and feedi ng back the

' erfors to the conveyor unit to normalize it. Even if there is an error,

i nput inmages will be matched with the reference image by an electric nmeans .,
"before inspection to secure precise3hmd accurate inspection. As this~qethod
can all ow nechanical errors in conveyor/ positioning mechanismto a cgitain
extent by its charac- teristic arrangenent, it does not need a positioning
mechani sm 225 iasc|dediord beds isthiowe ,ng- i s SLridsh t 5K mdhvod idard-l G 10 whi ch
used to be required in the prior art to enhance the speed of the :

i nspect ipFeveTtte aoshundisddonuedT frm0d dven dsf pronteyiold fresitAwtirey vi sual
i nspection nmethod for IC lead frames wil|l now be described (the nethod
descr i b&Psn? tipasCagiemrepe ateicds Y fHeu Bt ddies Rofs dpplednatdetof an |1 C

| ead frame by conparing the |um nance curve of -an_input IC lead frame with
the st oPSF e ETrnTsh ffc &heumpgrortude beyond 11l §4anGe RIEUT | ead

frame which.i.s no%?-—plated.in advance in the shapes of the curves which

are compflS FRiEg e R, SRR T &S %‘r?‘% | P Pt eRYndi ti ons of
Lhe | 1SNgALEL Beanalhaad NP IS SR e o bl ays, e hods
32?:?m9%gg@%yefn@é QWaRe RAiE Rl stHied e S S d MU NNE SYve 18
detecting the errors if any in conveyance or positioning
out of the mismatching between the above two images, angd
feeding back the errors to the'conveyor unit to normalize
it. Even if there is an error, input images will be matched
with the reference image by an electric means before
inspection to secure precise and accurate inspection.
As this method can ailow mechanical errors in conveyor/
positioning mechanism to a certain extent by its charac-
teristic arrangement, it does not need a positioning
mechanism 225 including positioning'pins 233, 234 shown
in FIG. 10 which used to be required in the prior art to
enhance the speed of the inspection. The reference numeral -/
503 denotes pinch rollers.
Another visual insﬁection method for IC lead
frames will now be described (the method described in the
Claim 6).
This method inspects the appearance of an IC lead

frame by comparing the luminance curve of an input IC

lead frame with the stored reference luminance curve of



measuring a nodel -plated 1C lead frame, and stored in menory. Wen

I nspecting individual |ead franes, the | um nance curve for an i ndividual

| ead frame is neasured and inputted to be coppared with the reference

| um nance curve in signals which are charact&Tized by conplicated shapes,
fluctualeon and plated conditions of an plated area. Mre specifically, if

there is a deyhat kgRekBntbeUI¥8a0ErbE FhILR! §s%o@é‘llﬁi’é&eéeﬁq frame
fromthe signals of the reference curve, the area wth the signals

different frogavhaceeliar eneeshapbsherdehectesvas Wrigkt SréNeohplidgeeds
gloss of IClead frames slightly differs depend- ing on the types of

addi tives conlgi fiegmed Aependdgngobtt spgRalshandnplatedf cordieidesd &fght in
total change to thereby fluctuate individual |um nance curves as a whol e.
| f the indivitheal ihepecardecarernscodsleadi Sramesonpared with the reference
| um nance curve, the changes due to the reflected Iight change are detected
as plating defect rafheret havet heen knggn-varkpie methedenzs thishbyes of

signals to greatly hanper the reliability in inspection. This invention
net hod t her ef BLEURENBDPEREFRAECH PeEhodefieE Laubedd bEX 3Mef. Ut Nty | 258

frame and the reference plateg | ead frane,dge to the gloss condition rather
than the def eBRFFE BPRatPRgLSS1QWIPE BHARSHPE®: preci se i nspec- tion by the

following neans. 1 phere g, 0L Gl 09,081 U880 205 BREL - hRLAANG®
' measuring a model-plated IC lead frame, and stored in
— memory. When inspeﬁting individual lead frames, the
luminance curve for an individual lead frame is measured
and inputted to be compared . with the reference luminance
curve in signals which are characterized by complicated
shapes, fluctuation and plated conditions of an plated
area. More specifically, if there is a deviation in the
cufve of the signals of an input lead frame from the
signals of the reference curve, the area with the signals
different from the reference will be detected as defects
o/ | in plating.
If gloss of IC lead frames slightly differs depend-
ing on the types of additives contained in plating solutions,
~ the amount of reflected light in total change to thereby
fluctuate ihdividual luminance curves as a whole. If the
individual luminance curve as it is ig compared with:=the
reference luminance curﬁe, the changes due tolthe reflected

light change are detected as plating defect rather than the



curve and the reference |um nance curve which is suspected to occur due to
the gloss on the plated surface of an input |lead frame, the msmatching is
removed by electrically processing either the reference curve or the :
i ndi vidual curve to match the two cuB¥es so as to enable proper conpakjson
for the shapes of the curves. This constantly ensures precise and preger

i nspec- tion of |ead frames as the conparison is made only in respect “of
conpl i catsdipdieaded feremive cur \s@apesused shiyontals did fgaeentdy dlmpee pl at es
conditions rather than the gloss conditions. An enbodiment of this nethod
will be §8§creddabiyiftar day imFrestdiod. 17. When total but simlar

di fferences exi st .between the reference | um nance curve 600S and an i nput

| umi nance cur ve TRdfr PIYEE ST Metdhoss Sherefioxe rgmeyesi thendisffermspect ed

| ead franmes, the cur eg&prr] i s.electricall rocessed to be individual

| umi nanc&"Eqr FEYEE r%e &S0 3Fe 1R dE 3R Wa%ﬁeapéf§P§n€§f§599696008.
After matchin he ;oyeral | .for t he two -.34- curves, signals at 603,
603a andngﬁﬁgoﬁefﬁe%gﬁpﬁegugog% %%5 F@FFF §P@d&3ﬁﬁﬁr§5 §Td&P88t pl ating
def ect s. h ferenc ral 3 t ignal s_which indicate
deviatioﬁh}rgﬁ??ﬁglgggﬁéﬁ%ggg 5% t%éqpegg%gﬁggggu§§§c35881P8p85'detected as

the defeghgni ByPkakl 3811508 nkeh@agrce | um nance curve 600S may be
el ectrically processed to corncide with the curve [err] instead of the

curve [err]. If there is mismatching between an input luminance

curve and the reference luminance curve which is suspected ~\)
to occur due to the gloss on the plated surface of an input
lead frame, the mismatching is removed by electrically
processing either the reference curve or the individual
curve to match the two curves so as to enable proper
comparison for the shapes of the curves.

This constantly ensures précise and proper inspec-
tion of lead frames as the comparison is made only in
respect of complicated shapes of the curves cauéed by the
difference of the plates conditions rather than the gloss
conditions. |

An embodiment of this method will be described by
referring to FIG. 17. When total but similar differences
exist between the reference luminance curve 600S and an
input luminance curve GOOPO due to the gloss in plating
conditions of inspected lead frames, the curve 600P, is

0
electrically processed to be individual luminance curve

600P] and to be matched with the reference curve 600S.

After matching the overall forms of the two



This invention therefore can renove differences in signals of an inspected
| ead frrame fromthe reference plated | ead frane caused due to gl oss
conditions rather than the plating condsfions to thereby secure proper and
preci seinspection of plated conditions. Still another inspection nethod
for appeerance of 1C lead frames will now be described (which is clained in

daim?) . TR0 CHIDIE S35 403, YOS g ERIAN AR dRIdLElol LY Of

the |ight reflected from an obj ect area o e surface of an inspected IC

| ead franme widd@ @00 & StiPar dBE A AR It W EihPlacFrdt Qb] agle area by
means of the reflectQV|ty to obtain the correlation therebetwen, and '

conparing t hus fExer o chunetalisd 3 aoratdmideripte tdidrie o aftdiodndadicate
correlation. As this invention nmethod can obtain the correlation of
reflectivity adviztiors pacdredtleyr ed goned. 1608 ameathsd 2z fimoremesp andivieg 61010 et o,
it can nmeasure not only plating defects but also the distribution of
plating fil miachikskfiekechad dsdhs defests Ha Rlatdng.C |Thed riefarmenceThi s

i nvention -35- nethod can jnspect the conditions of an IC |ead frane

si nul t aneous | YHRANAR (G EODSy magh Sen &lesiiodaet RIeqessed feent i on

SEect ", TRl B 5SS W SRl G U B 20
reflectivity 700X'of:the Jiéﬁ“tléﬂléﬂgéé J{é”@éﬁ‘égﬁg%éﬁdfg¥éfgﬂg%%cﬁn703 of
an object of inspectiitht inVenti
signals of an inspected lead frame from the reference
— piated lead frame caused due to gloss conditions rather
than the plating conditions to thereby secure proper andé
precise inspection of plated conditioms.
I.Still another inspection method for appearance of
IC lead frames will now be described (which is claimecd in
Claim 7).-.This method comprises the steps of measuring
the tefiectivity of the light reflected from an object
area of the surface of an inspected IC lead frame with an
image sensor, measuring the area of each object area by
L/ means of the reflectivity to obtain the correlation
therebetween, and comparing thus obteined individual
correlation with the reference correlation.
As this invention method can obtain the correlation
of reflectivity of an inspected area and the area size
_cerresponding thereto, it can measure not only plating

defects but also the distribution of plating film thickness

and dimensions of the plated IC lead frames. This invention



(an IC lead frame 702) and the area size 700Y of each inspected area
corresponding to the reflectivity 700X are neasured by an inmage sensor 701,
arld si mul taneously the correl ati on therebetween is cal cul ated. Thus s
obtained correlation is conpared with 34he reference correlation"” inkgjally
set on a nodel-plated I1C | ead frame 702. Mre particularly, the corrs¥ation
between the reflectivity 700X and the area 700Y of the object of inspéction

i s obt ai method tden fimspedt atkeorcehdit ions W ean oxbel eahpirase W th t he
reference correlation curve which is initially set on the nodel-plated IC

| ead frarsimdXanegusliptamt analfifacetbedtyml ity exists on a plated or

non-pl ated area of an object, such that the non-plated area 706 is rusted,

pl ated area 706 Arpthey jerbpdiment pfdthisailyomtiomtinapretivnh a foreign
object or stained with a finger-mark, then the individual correlation

curves 70Ethad wihlh noM b Hhed FEPFT N (R FISsel® Abroudhy 284 at i on
curve 705 for the non-plated area 704 and, the reference correlation curve
707 for the plat %E%ﬁ“%’i?a Thols il FrsPestiohdnetiRdirtfice of an IC

| ead f | I di ' ' f dfil | gk b - 36-
| nepect o® WERhTREREER ot S e ety TRt :%%tﬂiqig??%frf%?t IC I ead
f 70 ' . t fi .
Thi s | nvenbitdian caihorst el FRLBF 4l ek f HPRAAL o) 1he

TGt re{g0thy i fand e dhe0rG P S EADULAN Sz 01 FOGE #1408 ckness, and

di mensi on
inspected area corresponding to the reflectivity 700X are

measured by an image sensor 701, and simultaneously the ~
correlation therebetween is calculated. Thus obtained
correlation is compared with "the reference correlation®
initially set on a model=-plated IC lead frame 702. More
particularly, the correlation between the reflectivity

700X and the area 700Y of the object of inspection is

obtained in the form of a correlation curve to be compared

with the reference correlation curve which is initially

set on the model-plated IC lead frame 702. For instance,

if an abnormality exists on a plated or non-plated area -~/
of an object, such that the non-pléted area 706 is rusted,

plated area 706 is sulfided, or plated area 706 is attached

with a foreign object or stained with a finger-mark, then

the individual correlation curves 708, 709, 710, 711 become
deviated from the reference correlation curve 705 for the
non-plated area 704 and the reference correlation curve 707 for the

plated area 706 as shown in FIG. 20. The appearance of an IC lead
frame as well as distribution of plated film thickness can be



plated area in sinultaneous and nultifaceted fashion. Even if the
reflectivity itself changes due to chrono- |ogical changes of the
iJlumnation light or the external scattering |light, the method can inspect
the plated conditions irrespective of gghe influence fromsuch change by
referrimeto the relation between the reference correla- tion curve 705 of

non-plated aigapd0dednty! Pfie’ SLELEDCECAEVELRLLAN CHu¥Endl] PheP!ated area

706 (for instance, t eren efween reference correl atron curves 705

and 707 in pedkehé00h 6&TARCEIEVILELESErakb! POYORa)"Be CQELELEALA 0P bR
expressed by correlation curves in this enbodinment, it may be represented

in figures. dhesarexeshrconcIBahBd thehtobhly18tienttiievas it can inspect not
only the plating defects fromthe light reflectivity but also the

di stribution of plarkilsfihvenbisknesshaddcdhneherefiopé phepedtanesd &nbym
measured area to thereby achieve nultifaceted inspection of plated objects
by obt ai ni ngptatirg afebachbet bpebheeliegbti vefyeotiuntprbatoalsbetiser f ace of
an area and the size of the corresponding area. -37- CLAIMS 1. An
automati c | népetribatigntef pbated fedm thimknessnpandi Agmensieni a€pecti on
line a visual_inspection unit, a shape inspection_unit, _a_loading unit for

pl aci ng one Bhaked o?reT 1RaGiMUlFaRRRES oang BRARifagRtac pfashiPPy of | ead

frames at an_i nput_term na f the inspection |line, and an unl oadin
r]Evexrx) £f the re%lectgvgty fgseik changes due to chrono- g

logical changes of the illumination light or the external
scattering light, the method can inspect the plated.
conditions ifrespective of the influence from such change
by referring to the relation between the reference correla-
tion curve 705 of non-plated areca 704 and the reference
correlation curve 707.of plated area 706 (for instance,

the difference between reference correlation curves 705

and 707 in.peak light reflectivities).

Although the correlation is expressed by correlation
curves in;dﬁs embocdiment, it may bé represénted.in figures.
\/ This invention method is highly effective as it can

inspect_nbt only the plating defects from the light
reflectivity but also the distribution of plated film
thickness and dimension of plated area from measured area
to thereby achieve multifacetea inspection of plated
objects by obtaining corre;ation between reflectivity of
an area on.the surface of an area and the size of the

corresponding area.



unit for rejected/ accepted | ead frames which takes out accepted or rejected
|l ead frames fromthe inspection line in response to signals either fromthe
vi sual inspection unit or the shape inspection unit; wherein said visual :
i nspection unit includes at |east an L14um na-— or 11lum-ating
an IC lead frane which is the object of inspection neazgigor
imaging the IC lead frame from the |ight refIH I\E Hmm-for’ _
conparing and anal yzi ng the i mage wit&L&Mefere m Osl nspect the
patterned shape and appearance of plated areas of said |ead franme, and said
shape inspection unit includes at |east a pair of conductive cases which
hold the IC |ead frame on both sides and electrically isolated conductive
‘contacis withpp botbmagsesinspeptaderd apatemr €bat IGndkad foramesvi de a
predeterm ned gap fromthe surface of an acceptably shaped IC | ead franme
whi ch tenmpstding dbheaneimspectinoheidinkeal €ikvad finspecitsomelugilty sai d
cases, so that deformation of an input I1C |lead frane can be detected by

el ect r acshapaedihepetticovonnétt i anlbegdiwgnunis Fer Ipdadidg ame, sleasest d0d
contacts. - 38 - 2. An automatic inspection unit for IClead franmes as
cl ai nedert cl afnemeswifitch tigecframatryuratityi af tivad frrmesi auah i nspection
unit for 1C lead frames which irradiates light froma light source onto an
| C | cadnprinteandnpacefyebet ABSPRGREOPeLRBEr e@PFr & RAOF G with a TV
canmera for inmaging, and inspecting t appear ance thereof includes a first
pol ari BPAg £PKt EFgﬁﬁFEﬁ/65§§8§eGn??%Eﬁﬂgyspg{”a‘?hi $8%Y PYht pol arised in one

plane, alc'cg'pt\égr E-,'rc%L'jéc@%"aaﬁleasc?c}r%&htfr% the inspection line in response W/

to signals either from the visual inspection unit or the

shape inspection unitj; wherein .

said visual inspection unit includes at least an illumina-
tion means for illuminating an IC lead frame which is
the object of inspection and a camera means for imaging the

IC lead frame from the light refleqtéd therefrom and for
comparing and analyzing the image with a reference image _

to inspect the patterned shape and appearance of plated areas
of said lead frame, and said shape inspection unit includes at least
a pair of conductive cases which hold the IC lead frame

on both sides and electrically isolated conductive contacts within both
cases in spaced apart relationship to provide a greaetermined gap from
the surface of an acéeptably shaped IC lead frame which is

used as the reference when the IC lead frame is held by
said cases, so that deformation of an input‘IC lead frame
can be detected by electric.connection/diséonnection

between the IC lead frame, cases and contacts.



hori zontal ly pol arised |ight, arranged between said |light source and the IC
lead franme, and a second polarizing filter which passes only

pl ane-pol arised |ight polarised on a plane orthogonal

pol ari sation of |ight passing through the fi rst filt l““ﬂ“ﬂrlmmmr‘muc

i nspectiwen systemfor 1C lead frames as clainmed in clatme¢ whi&h Ps * :
characterized in that said | oading unit~i®tl-udes chucki ng units conprising

chucki ng cl aws ‘and chucki ng nmechani sns, said chucking claws conprising a

pai r of .hol der plates which are positioned above a plurality of piled IC

| ead frames and at | east one pair of claw nenbers which are suspended from
hol der pl afes *0i ratee %B?‘?er?(jémi‘ AR poSitegdnEianes 2ss 5 EmeAutki ng

h | ch ke hold |
Appr oach €5 "of e ?‘OIraFﬁ%&%ﬁ?I"é@?@@?&?‘%‘%é?%‘%eggnﬁ%cc e Pame w1
the oPpoSi pg. S 1 2GS, LIS! 8fcn 25-aRleg BEpIORIRSL | Ful o9 ogi oan e

taken out Sseépara $10- optlca |nspect|on “ret hod of

i nspecting,) Gd eah ffmﬁ@%na el ¢y %ne tgheq@fkéceeﬁam e JRYeOSi ti Oned
inrelation to an I nspection canera | oca at a visual inspection unit and

the i mageswief Bty daRe P FBAN Bhgihd N afd SnBp&ELihgl QHeCBSK ar BRGE therddtspect the
plating condition of the IC lead frame, and in which, at a shape inspection
unit, the kkzlhad 4 rare: psliralzdn® Tiboéh whi cte pabyes ofby Iplahe @pobaticieilve cases
and by electrically isolated conductive contacts so as to provide for a
predet er m héghtgapldrieed dn avc epambl | .shapetidally gedafisede] ighiteoeby to
detect deforned IC lead franes by electric connection or disconnection
bet\ﬁeen t heorigohtrld vf pelmsised 1éghy ennanged Ptween #eid light source and

the IC lead frame, and a second polarizing filter which passes only

plane-polarised light polarised on a plane orthogonal to the plane

of polarisation of light passing through the first filter.

3. An automatic inspecfion system for IC lead frames as claimed

in claim 1 which is characterized in that said loading unit includes
chucking units comprising chucking claws and chucking mechanisms,

said chucking claws comprising a pair of holder plates which are
posifioned above a plurality of piled IC lead frames and at least

one pair of claw members which are suspended from holder plates via
plate springs in an opposing manner, said chucking mechanism including
a transporting means which can make holder plates approach each other
fo hold ﬁpper edges of a selected IC lead frame with the opposing
surfaces thereof, so that the topmost IC lead frame can be taken out

separately.



5. A nethod according to claim4 further including storing images of an IC

| ead frame which is normal and precisely positioned Wth—respést to the
i nspection canera based on neasurenents at a ' | nts, comparing s
the stored reference image with i nput inages H"”'Hm’%n gg’ whi chzat e
sequentially conveyed and positioned at the nmeasw ene [ ,and s

there are any errors and m smatchi ng between the reference i mage and input
i mages, aligning them by el ectronechari @81~ neans which then feeds back

signals representing the msmatch to a conveyor neans, and nornalizing the
position of the IC lead franme under test during the conveying. - 40 - 6.

AR TRERLNER T L TE RN R

reference'to']:ig P npa ally in

conbi nat i, on, i 4 vﬁli%H;%E Iﬁli%l%a?% yit ageﬁgbﬁo%’@géw&ogééwn”?%lart7i A met hod

) on
according to claim stan ern scribed 'w eference to

Fi gures lt% leqnégeégioﬁr@an@i:&qrmggéﬁ g Qr\ﬁ%&gﬁnspection unit and

the images formed are compared with a stored reference image to inspect
the plating condition of the IC lead frame, and in which, at a

shape inspection unit, the IC lead frame is held on both sides by a
pair of conductive cases and by eiectrically isolated conductive
contacts so as to provide for a predetermined gap from an acceptably
shaped IC lead frame, whereby to detect deformed IC lead frames by
electric connection or disconnection between the IC lead frame and

said cases and contacts.

5. A method according to claim 4 further including storing images

of an. IC lead frame which is normal and precisely positioned with

respect to the inspection camera based on measurements at a plurality

of points, comparing the stored reference image with input images

of IC lead frames which are sequentially conveyed and positioned ' \~J
at the measurement points, and if there are any errors and mismatching

between the reference image and input images, aligning them by
electro-mechanical means which then feeds back signals representing

the mismatch to a conveyor means, and normalizing the position of

the IC lead frame under test during the conveying.
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6. A system according to claim 1 substantially as herein described
with reference to Figures 1-5 of the accompanying drawings,
optionally in combination with Figures 11-20 of the accompanying

drawings.

7.. A method according to claim 4 substantially as herein described

with reference to Figures 15 and 16 of the accompanying drawings.




