NSC- E877/ PCT BALL- ARRANG NG SUBSTRATE FOR FORM NG BUMPS, BALL- ARRANG NG
HEAD, BALL- ARRAG NG APPARATUS AND METHCOD FOR ARRANG NG BALLS a E@%?g&
‘OF THE | NVENTI ON 1. Field of the Inventlfn The present i nNeht tes
to a substrate, a head, an apparatus and a nethod each for arranging a 10

~ Pplurality of mnute el ectroconductive balls, which are bonded to form bunps

on the el ectrodes of %ﬂﬁa&ﬁefﬁafsﬁég Rie Pék”ﬁ&ﬁmfﬁécﬁbﬁpé’oard (PCB),

etc., wherein a nmean raxmnlﬂr@ Whet ner ot bal s’ dreTmldls

prOV|ded 15 HEAD, Of »E NG A \ bunp
process which is applled in pi IDNGFoR INR i Vi ce, bunps are
formed of mnute el ectroconductive ballTs on the electrode portion (pad) of
a sem conductor device or a PCB, and these 20 devi ces and PCBs are

bonded visa the bunps with each other. In such a process, a ball-arranging

are formed. corr espRERAROUND: B Tl FRBENERORI et rodes of the T
sem conduct or devi ck.or Bi®DB.of5the Invention |In the process for formng

bumps, the ninute el ect rggongictine PaLLAe A48 Surkedsand Reldoloribe ba! |-

arrangi ng through hol es grn strate by neans of (acuum
suction, etc. heafls aRceBBAFFLuhadnd ajmgthodapachsfexarrgnginged in a

single hg e Ofpiaﬁaﬁﬂty ob%in@ﬁéaégé@gréé@ﬁ&ﬁ@éfve bhrosbalhids 46
sucked, then g ngd ormed on t nor e

s n ctrod i
a1 s r e Sucheanand ota  Brn ThEPE op Shi rE L SeEEoSe R A0h s S CORIISEeT ( he
adj acent pad. é&emeﬁﬁthpﬂlﬁﬂedretﬁgmiiih@aﬁdchP@Bpaléteupkwngreﬁﬁ a

o en o PR E FRARG P Fud MBS EE A AR B L) ST SRL" e
error is provided.
15 2. Description of the Related Art
In the ball bump process which is applied in

producing a semiconductor device, bumps are formed of
minute electroconductive balls on the electrode portion
(pad) of a semiconductor device or a PCB, and these

20 devices and PCBs are bonded via the bumps with each
other. 1In such a process, a ball-arranging substrate is
used, in which minute electroconductive ball-arranging
holes are formed, corresponding to the location of
electrodes of the semiconductor device or a PCB.

25 In the process for forming bumps, the minute

, electroconductive balls are sucked and held in the ball-
arranging through holes of the ball-arranging substrate
by means of vacuum suction, etc. It is necessary that a
single'ball is exactly sucked in a single hole of the

30 ball-arranging substrate. If a ball is not sucked, then
a bump is not formed on the electrode, and if two or more
balls are sucked in a single ball-arranging hole, the
bump may contact the adjacent pad.

As a method for recognizing such a ball-sucking

35 failure, it is known to irradiate a laser beam from the

lateial and the rear sides of the ball-arranging

substrate. If an error is recognized, the error is



-2- renmoved by renoving excess nminute balls or repeating such a
bal | -suction. When it is recogni zed that the balls are arranged on the

Substrate without an error, the ball- arranging substrate with the balls as
be are transported 5 to a bunp-bondi ng 3tage, where the locations of the
~ mnute electroconductive balls of the substrate and the el ectrode pads of a

seni conduct or devi ce e al i ned w th each, ot her ter the conPIetlonhof
the alignment, r?%@ﬂ?% Y o %?ga%ﬁ?%@ssﬁb%YF%I%a A 9hi ERPERAELRY nBiRE

el ectroconducta Visabhtssciensuckiesh it 1ovesedgadaad othabetbsenbabhsluater
device, and then ele roconduct ] alls and th elec ode pads
are bonded wi t* 5% %t%ﬁ %%r%ﬁehﬁh h%?gs%?n%Fr?ﬁ't %%%{

when bunps ar eatmmdn@fsmbﬂsbmhelww&y Pioé nipa ks ads abeth:eeetnecmmheted
portions sof a £6B, &:Bbﬁzr&ﬁ@fﬁelséiiqé  dobdtl Lhe afbLieohe dhefbect rode

portions, and n1nut S are”arranged at_the el ectrode portions and then
refl owed. As s’&’cmﬂ%‘?t?}l%woﬁ‘lﬁ‘éc%%‘(%rb%lﬂs|%§p‘é‘é‘?|%ﬁb§'@ratef%¥de§<}é%ss

ball's or |ack gfestekes pads sof N&l selescendBs O dovitdsapst anfgregesstwal | s
or | ack of ballsﬂgy?#%?r%dl ating light fromthe front or lateral side of the
S

bal | - arr angi ng®% If there is lack of a ball, the light irradiated
fromthe front side of tmﬁtanbts}heatmnﬁ.ﬁetlome@ﬁhelse alli@mg@althetb@en

bal | - arr.gngi n ecelver oh. the r side of the
bal | - arrangi n%’ gjbs?#{lﬁgl ?‘hb t]f%%?’ o‘?rll "%gjaﬁj can ‘Elénde ected. If there
are excess balébgcthecondguntive d@hhlsedalfe osmcked ) ater bdwered ddwa hen
substrate is sgwd é%ﬁlc&ﬁﬁh% nélﬁ*@ dQﬁ%‘ﬁfﬂuééaCh t he

th a

|l ight-receiver |ocated on t 05|te sl de arrang

substrate, so EHBECRARRAIGRIYE Rkl bR Eae RleTERBAR DAt AT RTRARIED!

i nspection doeﬁlﬂ@te&aweoﬁwowc;h@aﬁstdflmbw ging. deilecﬂseoéaééle
bal |l s a S n in industri when the, dia ter of

the bal 19 i RS REIPRGHT o ?f’}lﬁ@p%f’t?cmrwf*fle%% RRERE L4 e

because the anmhamtrﬂdélgwttzmmbtmﬁ aCPCB acit ois tgendoght that rechbhm tisn

are applied to the electrode portions, and minute balls are
arranged at the electrode portions and then reflowed.

As set forth above, the prior art inspection

20 for excess balls or lack of sucked balls includes a
method for inspecting excess balls or lack of balls by
irradiating light from the front or lateral side of the
ball-arranging substrate. 1If there is lack of a ball,
the light irradiated from the front side of the substrate

25 reaches, through the open ball-arranging hole, the light-
receiver located on the rear side of the ball-arranging
substrate, so that lack of a ball can be detected. 1If
there are excess balls, the light irradiated from the
lateral side of the substrate is shut out, and thus the

30 light does not reach the light-receiver located on the
opposite side of the ball-arranging substrate, so that
excess balls can be detected. However, this method of
inspection does not have reproducibility in recognizing
defects of the balls and is not used, in industrial

35 production, when the diameter of the balls is less than
300 pm, particularly less than 200 pm, because the amount
of light and the accuracy of the location recognition are



-3- not sufficient. On the other hand, another nethod using the
I mage-recogni zation nethod is known for inspecting the arranged balls.
‘According to the nmethod, the light is 5 irradiated to the mnute balls,
whi ch are held on the ball-arranging substBate, and the reflected light is
inspected by a CCD canera. The reflected Iight is converted to binary
| mges, i.e., th% gi?QL E%fkected by the balls is converted to white inmage,
and the |ight 16 YrarfFactisa by the substrate is converted to bl ack inage.
Thus, the ball -arrangi ngOpotdiet ptheirs headeganpstierHoathed, ustingashkeen
consi dered t hat . LiaW b LGl tat tls ni 2 ) S
sucked and hel mg%erﬁgc%gbﬁ?ggﬁgﬁg@ﬁeﬁggbé%rgggg ykéﬁeapﬁggge%éa Qﬁh
recogni zi ng mefK&angrd PﬁﬂéswetﬁSHoﬁgénﬁoFoaﬁbﬁi@Bthﬁdthéhﬁnéﬁgbﬁy}sFor
eanfle, gn tnggﬁagawa?nchePEathuﬁﬁraag?ag &g@ahr?%é hélﬂ?dﬁtﬂﬁe?f ?f
netal, e.g. stainless steel, | reflected a e _subs e itse
causes erroneoﬁégﬁééﬁ§ﬁP9éPﬁoﬁu§?§Fg&ﬁe Pﬂdrgkﬁeﬁﬁ%éﬁgtﬁaoﬁﬁgg% Smachi nery
SefeCt ang d?na%eppo$ﬁﬁobydagCdoﬁchmekasufEhﬁieéﬁléatﬁdsuﬁg?FiﬁéereBce )
etween the light reflec the.mnute balls : re t he
baII-arrangingggﬁgsffsgekgt?é%?rgaﬁgﬁﬁsganlrﬁéﬂf?ﬁ%igﬁ?hgoﬁ?Fgggggﬂlég
burrs may be ftheebaddst he sobversed, te5whitahémaget akndotkendigbtg. ,
mechani c wor ki c haC ' ng .l ' diat | S ; ied. In
Such o cBbe "t hetleckaCby, Ehe Bl 8" e, ool £8 PRACk RELC o
whose di anet er Tha§ /| £8¢ PRAA-2052PELPEnFoRELEiRBUABcES6ARINAESERI p, etc. 30
Furthernore, when the sufisivedbe,Usedhhs BBEA Ebnglidsgedt BRatr i8dvaked | i ght

ol Ao Beoutl BS hashiShdcreases LBe bidugtPhal ol dzhle ol 25
of the balls aand hefldl car thegbadl3brrangihgt sabetdate. byThhe imagéhe
tra”$”1t%§d 'igEthﬁikﬁhggﬂhﬁhbﬁ Eﬁﬁ'ﬁﬁﬁgdmaﬁﬁédtQSsbﬁ§£ 3ppKi0g PRl entko
provi de Ite Drrg I mages, causl ng e recognrtion o
industry. For example, in the case when the ball-
arranging substrate is made up of a metal, e.g. stainless
steel, the light reflected at the substrate itself causes
erroneous recognization e.g. due to reflections from

20 machinery defect and damage portions or due to
insufficient intensity difference between the light
reflected by the minute balls and that reflected by the
ball-arranging substrate itself causing an insufficient
contrast. Also burrs may be formed on the substrate,

25 when metal working, e.g., mechanical working,
electrodischarging and laser irradiation is applied. 1In
such a case, the accuracy was remarkably influenced when
the minute balls, whose diameter was less than 200 um,
were mounted on the chip, etc.

30 Furthermore, when the substrate used is made of
glass, the irradiated light is transmitted through the
glass and reaches the jig, which holds the glass
substrate, and the light reflected by the jig causes
errors in recognition of the balls as a metal arranging

35 substrate does. That is, the transmitted light is
irregularly reflected near the ball sucking hole to
provide white bright images, causing the recognition of



-4- sucked balls to be uncertain. And the light is reflected by the defects
scattered on the surface of the substrate, where the reflected |light also
‘gives white inmages. Such a reflected |light may be erroneously recognized to
be 5 caused by the sucked m nute bal I'5. 4 The obj ect of the present
invention is to provide a ball arranging substrate, arranging head,

arrangi ng apparat a rr net h I n l,ch th stron of S cked
ol | < o pr oERERRY PRLASLEPpB ufgenBaLn. [ Ao “Pnp FAGRECHEL ROFASFE5
nore exactly. Bprthgadpfe¢tassda5teneédonntﬁapaneﬁQCQMQiahhaeduﬁataate,

Publ i cat i on hbwhérgSgﬁéSre91889¥§ni%@ﬁ@la?§$| E&éé“ﬂhﬂﬂesﬂﬁg§é§te ﬁch 15

produced by formn arrangi n es on t e substrate o
e.g., stainlesa 159 ﬁC‘éedaleahénmeyn!maeerva@ne@%lywe%anszeﬂ BPebfse

eIectrcmh§charggagedlg§e£hér§agk@ar@Qnu@éegglpgorn1ng, etchrng, etc. Wen
the bal | -arrangi ng substr ainless, ste

mi sal i gnment i s caused by ?h@#%ﬁ?tzﬁk th%xB%ﬁ%?Bﬁ b?v?ﬁﬁlﬁ?réﬁgFﬂg
substrate duri pgoaidgnangabkt aeeanybhegbshbsaraaagi agranygesgahdadpe

el ectrodes dueﬁkgaggéﬁég géLL@G nggdigﬁ£ggg%£§ ﬂ?ﬁhgég |8ﬂ189e££écrent

bet ween a neta nd" si |con C arrangrng hol es
are formed by eeaditdénssof shaked balbﬂrm@r@npn$03$ebYrbhaschafgrag by

pr ot uber@gnce '§h§9§”ﬁgé§rﬂﬁﬂ st8gnh ée§o thﬁﬁfea%k§€€i§'on of the height

of sucked balls an ecrease In t e su f Ity are observed.
Furthernore, in the prioFoBrexamph@s @ fEL8E @5?@ pRedaBaNGSQpen the

bal | -ar rangi noyAGxam: fiedePat O apeh 2085 eloh o8s. (Hagsdghsf car]m by means of
- a general purpose work gbgggﬁiatus "t he di anet er, of thgpbal arrangi ng

hol es must be ?%gge?ﬁéﬂ“ rTﬁ?a?%hn%p%%%ﬂtﬁ%F%sl%rErﬂ ?%ﬁeﬁyby means
of nmetal plati pgrmiogeball- ahfangﬂhgrhoiemomﬁrﬂ@epsmbessseerefrmcmeaabd and

Zoapes' 0D Cno Bl “ArhURAPREOERRE SR 4 ScdblnlOrRAUIAL LY, Pl Lo
result in mspresrsenf precise electrodlscharglng, ‘laser- irradiation,
electroforming, etching, etc.
When the ball-arranging substrate is a metal,
e.g., stainless steel, misalignment is caused by thermal
20 expansion of the arranging substrate during aligning
between the ball-arranging holes and the electrodes due
to a large difference in the thermal expansion
coefficient between a metal substrate and silicon chip.
When the ball-arranging holes are formed by means of
25 laser irradiation or electrodischarging, a protuberance
is formed around the holes and thus, dispersion of the
height of sucked balls and a decrease in the sucking
capability are observed. Furthermore, in the prior art
it was difficult to precisely open the ball-arranging
30 holes, of a diameter less than 100 um, by means of a
general purpose working apparatus. If the diameter of
the ball-arranging holes must be less than 100 um, the
opened holes are narrowed by means of metal plating.
However, the number of working processes is increased and.
35 the diameter of the opened holes is not formed uniformly,
and the shapes of the holes are not formed as true

circles. Thus, these defects result in misplacement of



-5- the arranged balls, and when bunps fornmed on a sem conductor device, or
Jinnerlead of TAB, or a printed circuit board, etc. are arranged at a narrow
‘pitch, the precision of the ball arrangement is |lowered. 5

Japanese Unexami ned Patent Publication No.27-95554, discloses a

-~ dall-arrangi ng gl ass substrate. However, the disclosed substrate is not

sui table for agéanging niauge flectracogducgive bglls. Anot her obj ect of
the present inbBft fEhENGeHPIYIS, 3P\ VRGN OBEPF - £PFERTi RB Gubstrate, a
bal | - arrangi ngsémadpndndtan deppaca} usrf dbnnarlaadi aff PaBl soand printadnet hod

for arranging ggk%ﬁitigo%?ECheEB? HLE“EE:QQ&LE QEeaaE%?PQQd §RLf, PERS! sel Y
t han before, an us balT-bunps are fornmed nore exactTly. 18
DI SCLOSURE OF PeeEcisienTeONthe badidrarvangament ifelowpred.set forth above,

the present invention pfQX%Qﬁéséh@néQéhQﬂéagPaééhtAPQEhhcaﬁiéﬁging
substrate conprising; _a_substrate haV|ngﬁa mai n surface; and 2

L 0
a plurality of NBal F=3PPaRgi AYSRLPEESWAI PALAraTHRBYLRBIISASE AP BPHEF At ur f ace

at | ocations cpewespondthg d0sthesedofubberetecisones ehivabeai £onduct or
device or a printed circuit f.or suck#%gland hol di ng m nute

oot rosonaunt POESBEENG Pihu8 e e PhSeantBr YR PRAILAD, cos mheleim when

light illum nates the baRhetheraobiagtsafftbe présesti iingenkednnisute
| ect duct | 3, | | th i L]
o anaodhe et BXEy R 3 phOAORELETp g EG00ELEES | U8 ERRSL LR 0]

arrangernent of“sail ectroconductl 890f the
| i ght reflectebeag,sand annappacatesr bevndprangengabaslanandyataedabal | -

arrangi ng surfﬁeehoahfofaa€£338ihg0$a§§ég bhOPhi€R thedmPiutel bOis SQpECE
is selected in the range of 30 the reflectivity of said

to 900 nm an
baII-arranginga§§a“geguﬁgf?aPﬁe?b?engﬁ?aFrBﬁggﬁ?d argnthug PatlrRumps nore
than 50% provadedfobmtdamoeé! egatyeylirror may be

15 DISCLOSURE OF THE INVENTION
In order to achieve the object set forth above, the
present invention provides the following:
(1) A ball-arranging substrate comprising:
a substrate having a main surface; and
20 a plurality of ball-arranging holes which
are provided on said main surface at locations
corresponding to those of the electrodes of a
semiconductor device or a printed circuit board, etc.,
for sucking and holding minute electroconductive balls in
25 said ball-arranging holes;
wherein when light illuminates the ball-
arranging surface with said sucked minute
electroconductive balls, to optically recognize the
conditions of arrangement of said minute
30 electroconductive balls by means of the light reflected
by said minute electroconductive balls and by said ball-
arranging surface, the wavelength of said light emitted
"by a light source is selected in the range of 300 to
900 nm, and the reflectivity of said ball-arranging
35 substrate for light from said light source is not more
than 50%, provided that a reflective mirror may be
provided on the rear surface of said ball-arranging



provi ded on the rear surface of said ball-arranging -6- substrate
opposite to said light source, in the case when said ball-arranging
Substrate is transparent to the irradiated light. (2) A ball-arranging
substrate according to said 5 (D), whePern a anti-reflection filmis
formed on said ball-arrangi ng surface on mhlch said mnute

electroconductlvg balls to be,.sucked g E g é bal | - Lran i ng
substrate accoft ﬁ@rﬁﬁe(??pBFlEE)tomﬁéf ightysg ngarfﬁng BBs¥PEPe i s
made of 10 ghaesbaaayaﬂrbnbhngrsahgtngteubsttaaasparendlng the(3),

wherein said s Sy of photosensitive glass. (5) A
baII-arranglngEggéag%g g ac g?dlng to anyone of (1) to (4), wherein the

rati o of the di anet ¢2)of Ashadlisrrangahy- anbahyahg actexdingt he seid of

m nut e eH?CtVO?QZdU%Bé¥QlﬁaB|aﬁEEaEQ?ﬂgakléH Eh@mdién?éﬁﬁeef onasgdid nute
el ectroconduct]v s 1s in the ran f froml1l/3 to 4/5; and t he

thi ckness of sBP4lpaFraadiafgpigisee on whpsh, sead; BiNPtehe range of from
0.3to 1.0 nn1eiattﬁobahauatiaegbaglsubstbateuakeordnaghémd(1) to (5),

wh he di L b
of 20 {0 200 [orr] m387) SaBalranrFaifi  PORRERER CEEeaBiinboroo Hor o 5

(6), wherein sk, reheeeinvsaydobath+drhahgingr angshgatebssrasdei sfnot nore
t han 30%g (8) pute el ectroconductive ball-arranging glass substrate
conpr|3|ng a éﬁurallty of ball-arranging holes, the dianeters of which are
smal | er than those 6f)30A balirarnanaingesubstsebadacervdingl te, (3 by

arrangi ng sai dyfbpdif 8L4t 5Q680HNEL Y8 RALLSoat ﬁ@@é&éﬁ§§t§9ér$§99§d'n9 to
t hose of the el ectrodes of a_sem conductor deV|ce or a printed Circuit

board, wherein the fali o2oPathragranetied %?b§EFﬂtQSaCC°5%+P9aP?aﬁ@YﬂﬁehoIes
to that of sai g£ni Dyt €o (4), wherein the ratio of the diameter of said

15 ball-arranging holes on the side of minute
electroconductive ball-arrangement to the diameter of
said minute electroconductive balls is in the range of
from 1/3 to 4/5; and,

the thickness of said ball-arranging

20 substrate is in the range of from 0.3 to 1.0 mm.

(6) A ball-arranging substrate according to (1) to
(5), wherein the diameter of said minute
electroconductive ball is in the range of 20 to 200 um.

(7) A ball-arranging substrate according to (1) to

25 (6), wherein said reflectivity of said ball-arranging
substrate is not more than 30%. .

(8) A minute electroconductive ball-arranging glass
substrate comprising: a plurality of ball-arranging
holes, the diameters of which are smaller than those of

30 said minute electroconductive balls, for arranging said
minute electroconductive balls at locations corresponding
to those of the electrodes of a semiconductor device or a
printed circuit board,

wherein the ratio of the diameter of said

35 ball-arranging holes to that of said minute
electroconductive balls is in the range of from 1/3 to
4/5, the diameter of said ball-arranging holes being



el ectroconductive balls is in the range of from1/3 to 4/5, the di anet er of
said ball-arranging hol es being -7- measured OfF=the=surfa sai d

‘m nut e el ectroconductive ball-arrangi ng gl ass sub:tTHﬁ*SHRFKHA§‘ Nkaness
of said minute el ectroconductive ball-arrafgirng gL§§s sﬂﬁmﬂﬁeggals iln the
range of from0.3 to 1.0 nm 5 (9) A m mote—sFestreeanduct!i ve
baII-arranglng | ass _substrate ac%ordln

8
D RSB RS, FARCRERRRAL oY, Lot huoiRE! BhBetihenaupisyen
m nut e el ect r obehduetrraaghall gdrsangubgtira&d; eodpthei nhickfess of said

a mnute e'ECtﬁ?ﬁ&@gugﬁbﬁﬁrggbhdﬁEiéog'BQ i“Q%&%ﬂhgng g§998 ?ﬁBQ%x&%Eh (1)
to (9); and, a neans m nute e ectroco uctrve ba , provided
with a vacuum 3fadB £8P ¥8BEPNE séF@mnpnétéoeﬂegtﬁﬂconduct|ve balls, on the

other 155 surface(ofy sai flinubst éabetgeeeﬁuhetwet Banuai:@aagmabdgmasbhe
m nut e eIectrocoBductlve bal | mnute electrq

0
bal | - arrangi ng54% ﬁ&FSFﬁsaESRﬁaFEEnﬁo A8 nW Qr@FBCFPég Egiirpyganglng
bal | - arrangi ngg28ss sbbaﬂraﬂea@eomdaaceprhbtbﬁahs1tugbs gmaeees for
illum nating the elgﬁiro onducglve ba s _hol.di ng sug ? sai.d bg I
arrangi ng substrat & Rt SeF%SF 8F°P885 Vhg P gﬁPrES“QlHPe Padr ed
by said ball acompguﬁgngubstrate after being emtted fromsaid |ight
sources;yand, an image- reCOgn52?9ﬂu@%de&é@@EbEPnHEéE§VEOBai§CQgghﬁF@ﬂgthe
conditions of the arrangenent of said m nut ectroconducti ve n
sai d baII-arraﬁBPﬁQrsEe insagsprdaaceprsEl 6A)t ke 689 puBnflrom said

|l i ght-receiver, said inmage- regogghggngognqoyaggglﬂgnﬁegns exam ni ng the
condi ti ons of a@rangenent of salﬂ ghectrocong étlve balls after said
8 5]

el ect r oconduct PYECHEPFENIPETLIVE, SenP¥V FiER, angRrAJUB,BRAFS: £OT

sucking said minute electroconductive balls, on the other

15 surface of said substrate opposite to the surface holding
the minute electroconductive balls.
(11) A minute electroconductive ball-arranging
apparatus comprising:
a minute electroconductive ball-arranging
20 head in accordance with (10);
light sources for illuminating the
electroconductive balls holding surface of said ball
arranging substrate;
a light-receiver for receiving light
25 reflected by said ball arranging substrate after being
emitted from said light sources; and,
an image-recognizing and treating means
for recognizing the conditions of the arrangement of said
minute electroconductive balls on said ball-arranging
30 substrate, based on the output from said light-receiver,
said image-recognizing and-treating means examining the
conditions of arrangement of said electroconductive balls
after said electroconductive balls are arranged on said
ball-arranging substrate.
35 (12) A ball-arranging apparatus accordance with
(11), further comprising a means for repeating the

arrangement process of the electroconductive balls on



35 (12) A ball-arrangi ng apparatus accordance with (11), wherein
the arrangenent of the el ectroconductive balls i1 - 8/1 - _said

bal | -arrangi ng substrate is repeated again_if tHe eengditEPARsHechd
arrangenment of the el ectroconductive bal Fs8are flpund d tReEpRAcCERappropri ate as
a result of said examnation. 5 (13) A ‘kethod—for—arrangtNg balls

h Ki d | d ' .
CPERtr scoadues FabbBREL-gR e R ns Rt R PR a0 s bR e E e foe of

baII-arrang|ngthabstrangemeotrefpohdle@e&ﬁroconducheVEObaﬂlenereffbhed

el ectrodes of gosgd saARUCLAL:AEK! 68 AT cBaR1kNbeIsEIACUKnbAGE fonand
I1lumnating sald sur sa|5 m nut e e ectroconductive balls
were sucked, and rééé@n|%lﬁ@tbéﬁdﬁPFoﬁ§réﬂ9aﬂgah3éh§nFOEPrééFHGHFhﬁte 15
electrocquuctg{g Babls using the light reflected by said mnute

el ectroconducti ve baIIs and t hat reflecteﬁ E said mnute el ectroconductive
bal | - arrangi ng surface, wher ePHCKRBIWADE PE éfﬁgoFo a2FFgReesBLPBESi s set in
a range of SOOelecﬁﬁeconﬁuandvéhbaneéIeﬁtavéﬁyfaee ofoé mbhauteght from said

li ght source b EﬁﬁgggBﬂgﬁﬁ?kggtEgg %Shé?ngaLLbQErQQS'”80%9&2885d1h8

made not nore
el ectroconduct k9ethel Lecationdi a§ tbe(ezyctmhéeelﬂfsalaemacpnducaqglng 25

substratgy is i Qeggear dange y&h@ealélgeugg) ogBhEF EESCRIPTICN OF THE
DRAWNGS Fig. 1 is a sch engtlc E an VIEM/O? pe bunp bondi ng

apparatus, in which its entirél Bﬁéﬂﬁﬁéﬂgoﬁaig ?PFG%F?&t@H whpch said
Fig. 2is a SCﬁ@ﬂﬁtéceﬂééﬁféﬁbﬂaﬁctibésbéﬁlbnﬁe?é'éucﬁéﬂ?nghﬂg operation by

nmeans of a baII-agrgn mechani sm Fkg |seaesghegasécdq$%gran1for
bondi ng bal I's F§cegni onditions of“arrangement o i
electroconductive balls using the light reflected by said
15 minute electroconductive balls and that reflected by said
minute electroconductive ball-arranging surface,
wherein the wave length of a light source
is set in a range of 300 to 900 nm, and the reflectivity
of the light from said light source by the minute
20 electroconductive ball-arranging surface, is made not
more than 50%.

(14) A method for arranging minute electroconductive
balls according to (15), wherein said ball-arranging
substrate is in accordance with (1) to (9).

25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic plan view of a ball-type bump
bonding apparatus, in which its entire construction is
illustrated.

Fig. 2 is a schematic diagram .for illustrating ball-

30 arranging operation by means of a ball- arranglng
mechanism.

Fig. 3 is a schematic diagram for bonding balls to
leads of a film-carrier.

Fig. 4 is a. schematic diagram for bonding balls to

35 electrode pads of a semiconductor chip.
Fig. 5 is a cross-sectional view of an example of a

ball-arranging head.



| eads of a filmcarrier. 35 Fig. 4 is a schematic diagram for
bonding balls to el ectrode pads of a sem conductor chip. Fig. 5is a

‘cross-sectional view of an exanple of a -8/ 2- ball-arrangi ng head.
-9- Fig. 6A is a perspective view of a nrnite el ectroconductive
ball -arrangi ng substrate for illustrating an exarrpl e of holes arranged in

the formof a grid,_and g 6B is a sectional V|e¥/for ilJustrating 5
sai d bal | -arrangi ngf 8bst? at® %n%e’és?‘?@t?"b? YS¥ gt t A iRt erate. Fig. 7A
i s a sectionaleleewrofonductite loaPLiaocangingi sebbetratarfanging jig for

[ustrating am exarple;of bal Ly siehd nge o rs. AL angsds 1 LbGe T RLI oG 10

grit, and Fig IS aviewta arr ow IS a
sect i onal V|emﬁf@xldlIQ@@rE@@ngﬁBhesIag$$0te¢m%¢tV@ﬁWoforhelb@$tr®t¥@mging

substrate accoggli §opd P11hHerd f,%lg,gbs%j? and a ?Q?ef“% @pglg @}rl@ a

perspective view and a sectio VI ew e subst respecti ve y, for
illustrating af4 %ﬁ%?% of the baII-arranglng substrate. Fig. 10Ais a

diagram for illustraig nmzhﬁsdasgéwwwn @ie&l@btarﬁiﬁ@@éed by a mnute
ball and a 20 aII-ar 1n Jkr)trate g f a}g f or
illustrating t%%eﬂ?ﬁ??? +V b i&ﬁr¥%¥gkﬁ eal%y %¥nb l%%da%

bal | - arrangi ngesaiysle ab £. bﬂgssudkmqmélﬁslatMgaﬂelnmm ﬁ@nhi@flaa Vi ews

of 25 o? baléa‘ b%%%% bférfgeg @ iR ﬂgﬁl néygfrgw pai* arrangi ng

hol es. I'—Lgs 2efies of- Sect ona
Fig. 7A.

Fig. 8 is a sectional view for illustrating the
light reflection of the béll-arranging substrate
according to the invention.

15 Figs. 9A and 9B are a perspective view and a
sectional view of the substrate, respectively, for
illustrating an example of the ball-arranging substrate.

Fig. 10A is a diagram for illustrating the
distribution of light reflected by a minute ball and a

20 ball-arranging substrate.

Fig. 10B is a diagram for illustrating the
distribution of light reflected by minute balls and a
ball-arranging substrate.

Figs. 11A to 1l1F illustrate cross-sectional views of

25 a ball-arranging substrates having various type of ball-
arranging holes.

Figs. 12A to 12C are a series of sectional views,
illustrating a process for producing minute
electroconductive ball bumps using a ball-arranging glass

30 substrate.

BEST MODE FOR CARRYING OUT THE INVENTION

At first, examples of the methods and apparatus for
bonding ball~type bumps by means of the ball-arranging
substrate according to the present invention will be

35 described, although such examples are not intended to
limit the invention (the methods and apparatus are

detailed in Japanese Unexamined Patent Publication



il lustrating a process for producing mnute el ectroconductive ball bunps
using a ball-arranging glass 30 substrate. BEST MODE FOR CARRYI NG QUT
“THE | NVENTI ON At first, exanples of the nethods and apparatus for bonding
bal | -type bunps by neans of the ball-arra ng substrate according to the

present invention will be 35 descri bed, al though such exanpl es are not
I ntended to |i vept e net hods and apparatus are detailed in
Japanese Unexa Bkéggaygnt9P%g?Fééylon - 10 - (Kokai) No. 7-153765). As

shown in Fig. 1, suBé showppanaFig-cbapsucksanagpparahesnconpeisesiian, a
bal | --arrangi “gtﬁécﬂﬁﬂhsé‘bﬁsti‘tﬁiﬂgéﬁra ebéii‘”é??éﬁéi‘ﬂg"iﬁ&é‘ﬁ&ﬁgﬁnzl 83

bal I -recogni zing. 5 neans bondl ng st age an a paratus may
be construct edSBYS hEAtAQtAARERAERI B PeFhan iRyl ngaah@lboﬁ%¢ﬂ@“h?hﬁge

metal | i c gal | smé@ngn3agpar at yén&@ﬂ@rsﬁa@g 41 bosr@wgaﬁesﬁp@téﬂms emsy ban
I nnerl ead bonder 11 is

t
vibrated in t hE°B& F“%€?§n8¥ ﬁdﬂgﬁﬂaﬁl@ﬁ?ﬁanlﬁﬂng?§nQﬁ?%ﬁ%é“ﬁe?%?I|c bal I s
B are pl aced iboadimgahinctbahttaslbeckbajlsray dd, appachitns cdeprisbnat ed

by a vibrator %zboﬁdﬂng ﬁ?ﬁﬂéhf%ﬁe %eérgngg 9ﬁﬁe£ ;%o?énég balls B

effectively. are suck all sucking
head 13, which conpﬁﬁs%boﬁnbaanagra&glngbshbsﬁtgﬁbln% prayi dbdisi th

sucki ng 1td1r0ug431i995€éd1ﬂn the ﬂéﬁﬁéﬁfénﬁin&ﬂh&@hé‘ﬁﬁsxﬁ”ﬂ | efahdpyp, that of
the balls. It 1s preferable. t he suc g hr ough- hol es_14 ar’e_ provi ded

20 for a pIﬁ%%PF?ym%Fa%Eh?cBﬁHh%t%raEﬁlB aceqhbnbélme§®%k+ﬁgbﬁk d 13 is
| ower ed down ngesckirgbelaysSiogkiRIchT 8y ﬂﬂeﬁwwﬁgtmllb 8 by vacuum

suction |t (e Beli2epeidpor (vl Dot prcg ol hectdlcoprameing,
25 to the abahhgi Bgeffibstiweky.and the vibrating width of the
baII-suq@ ng head L%h&ﬁp @ﬁeCQQiigléegrénsﬁgfegrggra ball sucking
head 13, which comprises a ball-arranging substrate 15
provided with sucking through-holes 14, the diameters of
which are smaller than that of the balls. It is
preferable that the sucking through-holes 14 are provided
20 for a plurality of semiconductor chips. The ball-sucking
head 13 is lowered down near the ball-stocking tray 11 to
suck balls B by vacuum suction into the ball-sucking
through-holes 14 of the ball-arranging substrate 15. The
lowering distance (a distance from the bottom of the tray
25 to the arranging substrate) and the vibrating width of
the ball-sucking head 13 can be controlled in the order
of 0.1 mm.
Next, the ball-sucking head 13 is raised upwards,
and the excess balls B’, which are not the vacuum sucked
30 balls B are mechanically removed and recovered. The
ball-sucking heat 13 is slightly vibrated by means of a
vibrator 16 so that only the excess balls B’ are removed
and the normally sucked balls are not removed.
As shown in Fig. 3, after the excess balls B' are
35 removed, the ball-sucKing head 13 is moved to a so-called
recognizing location, where the ball-arranging
substrate 15 is illuminated by light sources 18 located



of 0.1 mm Next, the ball-sucking head 13 is raised upwards, and the excess
balls B, which are not the vacuum sucked 30 balls B are nechanically
Tenoved and recovered. The ball-sucking at 13 is slightly vibrated by
means of a vibrator 16 so that only the’e ss balls B are renpbved and the
normal 'y sucked balls are not rempved. As shown in Fig. 3, after the excess

S B C  SBurrobRHRNE b Ba AL ESUGHE DOn0oREaAS b2 HRUCERLO BcKing

so-cal l ed recognizin ere arranglhg subs
i 11 um nat ed byofigailsotecks seckedaaed thesgrigtipuragothexeass- Patdgni zi ng

nmeans 3, and tQEe'EélsbaﬂlQédeMﬁe&ﬂsb@fsactsﬁlafécéaﬁlﬁihétﬁ@&ﬁsOf EXCEeSS
balls are recogni zed égneans | reco

nizin CDD
camera. |f such-farl@r Da?@m?ééognigeﬁuCQIFgSluregfaFﬁer§E€HBHZBQPI§lére
recoveredg by nmeanshef swerednbhtdk and recbasiredl byenesas, odndattien 188k

bal | - Ki ti t b head 13
e 17 ancpor cdb b0 PREMABIEF Dororatela BYArEane RSt RRLLGBOCFALE. 0
transporti ng nmepbaatson2is Aépéhtedtageinballs B should not fall down due
to vibration dur'ngﬁéﬁ@nsgﬂétﬁ£%92§d§$fbﬁ%§e§eaés §h9¥“F£§2dert§d Lge

transported ball - sor bi ng hea over and on a bondi ng
15 stage 4, thaikbandingsetaaesd by meapyi ed woedswestrage-and fi xed by

VaCUU”‘%HPt'OntrghépgﬁtiﬁgEhe&ﬂéﬁbsﬁf2 hepd €ﬂ1§h€1§é||béli§nﬁ'§ﬁo§985trate
15 of the ball-suck |n9 head 13 settled on the _bond |ng stage 4, are aligned

with the innerN@hdfadlofounsdng, taryiRrat SR ndwhing| ﬁﬂﬁﬁPoEEatloﬁay be
carried out byegs.alignnment nechanlsn1of the main apparatus. After the

| ' | bal | b f d ' | ead
by heans of “the i rohPRrr HEEHBRRaNRCHE St ¥ nethRnErROSRObBACP A ECel -

Al ternately, aadshnhmngnh&ag 13, ishenrndd oOwetsald2fixedacr dohdrding t he
el ectrogg padsg g ﬂ% @e”il.vﬁ%ﬁ“féoﬁs&@'&lséh&s SENHSPPEUCHEE d ERYPsBQgkSand

nount ed on the
fixed by vacuum suction. The balls B, which are held on

the ball-arranging substrate 15 of the ball-sucking

head 13 settled on the bonding stage 4, are aligned with

the innerlead 20 of a film carrier. Such an alignment
20 may be carried out by an alignment mechanism of the main

apparatus. After the alignment is settled, balls B are

bonded (transferred) to the innerlead 20 by means of the

transferring mechanism of the innerlead bonder itself.

Alternately, as shown in Fig. 4, when the balls B

25 are bonded to the electrode pads of a semiconductor chip,
the semiconductor chip 30 is mounted on the bonding
stage 4. Then, the ball-sucking head 13 is lowered
without being turned over, and the balls B are contacted
with and bonded to the electrode pads of the

30 semiconductor chip 30, while the ball-sucking head 13 is
heated by means of a heating tool 31.

In the above, the present invention is described
referring to the preferred embodiments for forming bumps
by means of the ball-arranging substrate. However, it is

35 to be noted that the present invention should not be
limited solely to these embodiments.

Nextly, as an embodiment of the present invention,



stage 4. Then, the ball-sucking head 13 is | owered w thout being turned
over, and the balls B are contacted with and bonded to the el ectrode pads
‘of the 30 sem conductor chip 30, while.the ball-sucking head 13 is
heated by neans of a heating tool 31. In ¢ e above, the present invention
Js described referring to the preferred enbodi nents for form ng bunps by

nmeans of the bgllsar i ?Sfdi- %w’}'@%%e%iso‘?@gf’ ing {9 B ot ed

that the presen |nv hese
enbodi nents. Nestayging %rrb@rmﬁ rmehtglofss hel bk é@%rﬂesqw:ebﬂdon - 12 -

an exanpl e of a balis aKaRgi 119 ﬂﬂf@d s:ora)rmma@rmﬁﬁ agI89i ng substrate
of glass will be described. As shown in Fig. 5, a aII-arran ‘59 glass

substrate 41 isubsterre th i§ r%%g"—%bﬂ)sﬁ?%%ﬁm dyRpEratey
stainl esg steejidobystyntledd Ilﬂ:éé.'s wqwram Aty fDt's Seedaidig an

arrangi ng substrate a nunber ut of 60
[err] 21 | g di antR e v%?lc%o“grseu )éﬁa%%s%rﬂ ol ?%h‘-?]f-ﬂ‘{, or% }r% aJsjtrckeamfarnd hel d
by evacuating exmmge @uumbrgr \@&:um@pradmlw %rquh & eud Oin dipmeatieded in
the jig 49 fory, ﬂicﬁ%l nﬁ%ée&ré f%lﬁ& at&eA']T b&ld KT RS NY

substrate 41 has -arrangi ng h I n di amet’er,
i.e., a half ®@vagationgithe B@lls—smi@rrmwaﬁmgnaﬁ@m rwmrrzah Be - 15

arrangi Rg hol q&&@ldyd eMRoHR | i e I e Nche/ AN SPaGeFidy  or ned

inthe jig 49, fromthe rear surtace of the ball-arrangi ng substrate 41.
Al t hough t he a‘-?‘rl%tﬁtg’f?fbe stbstrate 41 is evacuated by evacuating the
arrangi ng substr at emserqifa'mlg-amnqmraj) subsSfRe 461 iHud mélmw&ﬂzﬁgmq is

Wi ch the bar haneS i (of st A A T (AR 1 e S1 HORTE ¢ he
subst r at e- adsorlatng & acheirbaslees U dral ka4l eke 21‘,e1d in the |baldddi ti on,
the 19149 Torgdididthdhd LY M evacuating the ball-sucking vacuum
spaces 47 formed in the jig 49, from the rear surface of
the ball-arranging substrate 41.
Although the arranging substrate 41 is evacuated by
evacuating the arranging substrate-sucking vacuum

20 space 48 in this example, it is possible to apply a
unified type ball-sucking and transferring head, in which
the ball-arranging substrate 41 is fixed on the jig 49,
while the substrate-adsorbing vacuum spaces 48 are
omitted.

25 In addition, the jig 49 for fixing an arranging
substrate of the present invention may be provided with a
heating mechanism, allowing bonding the balls by heating
the balls.

If the ball-sucking vacuum spaée provided in the jig

30 for fixing an arranging substrate is too large, and the
contact area of an arranging substrate with the
substrate-fixing jig around the balls is too small, the
ball-arranging substrate may not withstand the bonding
pressure. In order to eliminate such a break, it is

35 preferable to form the ball-sucking vacuum spaces 47 as
ditches or grooves having a width of 10 to 100 times as
large as the diameter of the ball-arranging holes 42.



substrate of the present invention may be provided with a heating
mechani sm allow ng bonding the balls by heating the balls. If the

“bal | - sucki ng vacuum space provided in the_jjig 30 for fixing an arrangi ng
substrate is too large, and the contact “atda of an arrangi ng substrate with
the substrate-fixing jig around the balls is too small, the ball-arranging

substrate nay not w d ' S r L nat e
such a break, it i\éﬁ%‘gé&gpbr%%%% [%%%ﬁ%%%%@sﬁi%&%%%m%paces
47 as ditches ©he gpablearhenging shodel Mdi witiclh agd armanges imrigeeas the

di aneter of thgopaldrag rPps NG NOKRS Kt ] -arradding HEYEFatde] 634 he ball s
are sucked and arranged_ 1n tT;Gerbal | -arrangi ng holes 42, which are arranged

in the form of SBOER | #7 F19% nePBhAMd £B ankt n® IRFIFSARY 44° R in Figs.
6A and 6B, it éstheEEsGaApYLILrPrIViie drder exd rimkrepnge | tles scardadt order to

I ncrease the contact area between the substrate-fixi | i 9 an he ball -
arrangi ng substTa? gb%%',’e 2 @h%v%u%%tﬁ%esfﬁfﬁ%%d}%.J?nérb(?dé%e ?(’)éj]p ovi de
such a contactanrasging swbstirte eXbnpesshown nay Biegposth bwd tB applly a
porous nateri t 5 ' ULAR 0 a
substrate- fi %ﬂ‘%&fi? géfg%%%&ﬁﬁﬁn%%@?he pérg?efsfrzg? eoﬂ;ldi ng balls
as shown in Figgamples, 4it FAY R LITHRPR ANPERPRVhG PRrUsedia ke bl

i nspect iRy st ego A REpAE-SHOKI MY Wl WFadd 47a &bLCEd Of ot d g bal | s,

whi ch are sucked and held on the ball-arranging surface of a ball-arranging
substrate in the*}egaitdn®® br$®khonding to those of the el ectrodes of a
semn conduct or devi CRPu®Mimg pto Ntiesl pideasd fmarsbndmd) sdl I dege-slepagnizi ng

nmet hod conprises the, st eps of 20 i1l um nati t bal ] -arrangin
Subotrate and FFE mhte bl 1 Stpder st 18 sttt 15, 148 e
exam ni ng thei inspg¢einedsteghfigr tBenswikingCf gaimrte The reflectivity
of a balls-arr agol OG- SUDPAE A & A0SO U NG 1 NErd WERNL P hdd HER loPYetidI®

rati o of the
ball-arranging surface of a ball-arranging substrate in

the locations corresponding to those of the electrodes of
a semiconductor device or a printed circuit board. Such
an image-recognizing method cémprises the steps of
20 illuminating the ball-arranging substrate and the minute
balls sucked and held thereon, and optically examining
their reflected light by means of a CCD camera.
The reflectivity of a ball-arranging substrate
according to the invention is meant by the ratio of the
25 entire reflected light R to the incident light A, where
the entire reflected light contains light b reflected by
the front surface s of the ball-arranging substrate S,
light ¢ reflected by the rear surface r of the ball-
arranging substrate S and light d reflected by the
30 substrate~-fixing jig J located on the rear surfacer of
the ball-arranging substrate S, as shown in Fig. 8, in
which B and T are designated for the minute balls and the
transmitted light, respectively.
When the light reflected solely by the substrate is
35 measured, light d reflected by the jig J does not exist.
Therefore, in such a case the reflected light is measured

by placing a reflective mirror on the rear surface of the



25 entire reflected light Rto the incident light A where the entire
reflected light contains light b reflected by the front surface s of the
~bal | -arrangi ng substrate S, light ¢ reflected by the rear surface r of the
bal | - arrangi ng substrate S and |ight d-réflected by the 30
substrate-fixing jig J |located on the rear surfacer of the ball-arranging
‘substrate S, as shown in Fig. 8, in which B and T are designated for the
mnute balls aP¥PTHEAYPansmitted 1ight, respectively. Wien the |ight
reflected sol ely byThéepsedsht aireverst 3dn resvsdessiriad, impgit il riehe ect ed by
the jig J does_no | S ore, | u . t light is
nmeasur ed by plaa%‘fé]ﬁgééyr%ﬁ%%feéigel{n%r}q o&%ng%h%?%r?s s‘;l]iref‘{alglfaérg(‘féf%%t (%]4 14
- substrate. Thieepsecked miwere ilnl kesivhsreby idgrredasing eheiccur acy of
recogni zighg t fgg% ' O EN SHskeLtd n | s,

wher eby ecregxg?fr:\%lt ie\y%{? &fre‘?lgéect IvVIity %%{%%\rgfbal | -ar r%gnbratni 4's}%ll:)st rate,
as set forth afo%eh RRVEt AFIR HMPE MersdBamctbtding to a preferred

enbodi ment of the pACSErAindVENtd Ofkce BSr SHOWMbIY st S thsl Pesdhe bal | -

' bstrate 51 i i ded with ball. g S sdie bal |
ocated 'n t e FERREFOhs B TREHb M4 (IDADIRNEHS Bt bces of a

des of a

sem conduct or aevarging supstrdtsl $1 risiprdwoadet] vainch tiakl rardreging

el ectroggnduct S e qggi : ﬁﬂgi
surface,ﬁ%wher eﬂll%f%%a%%t?;%éﬁ(g%%%&n ]ﬂh m p@é p‘?{akbﬁg;ecrrée%lle&l@x{ 0 n%,
coating fil m Sdhese defcehdeelectredes £ F o7 ermisrenduc ey |devies @@ sur f ace

of the ball-argangidd sibsi{atvoadd, WD cha@nRiml@dmelsctiscbifuct ive
recogni zing light source, the anpunt of-1light reflected by the ball- 20

arrangi ng subskable T3 3%e niyeked apd haladine thaPSbbsaH ARl y not nore
than 30% It iSuPP&St plehd el COY el 11Eef I SRGRoNOf El8X 36t fer AWy enddie

contrast, betwegn the, i Nt e 8,841 OLOE ¥ P dfer? A% A Mg on the
ball-arranging surface of the ball-arranging
substrate 51.

When a xenon lamp is used as a recognizing light
source, the amount of light reflected by the ball-

20 arranging substrate 51 is made to be not more than 50%,
preferably not more than 30%. It is possible to
recognize the'image more exactly, while the contrast
between the minute electroconductive balls 53 and the
ball-arranging substrate 51 is made more clearly, by

25 reducing the amount of light reflected by the ball-
arranging substrate 51.

According to the image recognizing method, the image
taken by a CCD camera is generally depicted on a gray
scale image picture 256 tones corresponding to the amount

30 of the incident light. A threshold value is '
predetermined among the 256 tones, and the binary image
(white or black) is judged using the threshold value.
Fig. 10A illustrates an example of the distributions of
the amount of light reflected by the minute balls and the.

35 ball-arranging substrate. When the distributions of the
reflected lights overlap as in this example, it is
difficult to discriminate the minute balls from the ball-



bal | -arrangi ng substrate 51 is nmade nore clearly, by 25 reduci ng the
anmount of light reflected by the ball- arrangi ng substrate 51. According to
the image recogni zing method, the i mage taken by a CCD canmera is generally
depicted on a gray scale inmage picture 2562 dnes corresponding to the
amount 30 of the incident light. A threshold value is predeterm ned

anong the 256 d b ( . ck dged u3|ng
the threshold %g gﬁg €$ SE$§$F£F$ s¥r%?e§sa§@e§§%p éR% %ﬁéﬁes# g@u i ons
of the anount of IlghtShewnesneEl@y 108, nihuie D@$$tbhﬁdtwh%xaGElY
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overlap as in this exanple Is difficult to discrimnate th
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51, as shown in _ inthe entire’ range o
| ength of the t%c369n%n10he emtgﬁw E#HQQOOfdwﬁwﬁ hﬁmgthMquﬁkﬂll¢E&¢E@#ee

of tonef i gi‘i ﬁ@fJ:PCﬁ@@ £y 406 AhNULE DROLGh ”@B{eféé'&é@t&f dtisnd G e

deviation in th e material and the surface condition of "the mnute balls 53,
it is possiblelt@htixeflaFied ebY heh@arirute dhilhe %%sﬂ‘é&*eu‘ﬁ? Rt ve of

thg t15 t ggndtm¢0%§vpétim mn@lﬁ@ Méﬁléﬁtameﬁhé r@u:@ﬁéépe ctacsxﬁdinlngicm "
Supstrate acco I N ] nventl on J.S used art)] cu , en
the refl octivi ot bhe tRindes Balleely 2 it netalBie 68 di st tndtn,

m nute balls 56haayahbwefsmmﬁmhevamhmxrﬁtermmreﬁﬁemilwetqi:Khe dependi ng
on thei nssur f ace, GopAbhd 005 ¢ RO iiSe |dalBY £, dpifdh CLid b fli sti ngui sh

then1fron1each ot I'n order to decrease ectrvity the ball -
arranging substrate 51 according to the present invention

is used. Particularly, when the reflectivity of the
ball-arranging substrate 51 is more than 50%, minute
balls 53 may have such a value of the reflectivity

20 depending on their surface conditions, and thus it may be
difficult to distinguish them from each other.

In order to decrease the reflectivity of the ball-
arranging substrate, it is possible to use a black
material 51 itself, or rather simply a common substrate,

25 the surface of which is coated with a nearly black
film 54 to reduce its cost. The term "nearly black”
means not to be strictly black, but any color which is
capable of depressing the reflection of light, e.g., dark
brown or deep blue when a white light is used. The

30 process for coating the substrate may be effected by
sputtering, vacuum evaporation, ion plating, chemical
vapor deposition, plating or painting. Any material
capable of reducing reflection may be used as a coating
film, for example, oxides (W,0;, Fe,03;, chromium oxide,

35 etc.), nitrides (SiN, TiN, etc.), carbides (SiC, TiC,
etc.).



arranging substrate, it is possible to use a black material 51 itself, or
rather sinply a conmon substrate, 25 the surface of which is coated
WwWith a nearly black filmb54 to reduce its_cost. The term "nearly bl ack"”
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substrate may cause displacement between the electrodes
and the arranging holes due to a large difference in
thermal expansion coefficient between the substrate and a
silicon chip, etc., when they are bonded at elevated

20 temperature. Contrary to this, when the substrate is
made of a glass, which has a lower thermal expansion
coefficient than a metal, it is possible to achieve ball-
bonding with an improved accuracy even at a high
temperature and thus to effectively adapt to the recent

25 requirement, i.e., decreasing in the size of balls and
also the pitch between the arranged electrodes. The
photosensitive glass is superior to the common glass for
forming minute ball-~arranging holes in a more accurate
manner, and thus it is possible to form fine ball-

30 arranging holes with true hole shape and thus reduce the
amount of light reflected by the edge of the holes, and
to improve the accuracy of mounting the minute balls on a
chip, etc.

The light applied for recognizing the image may be

35 incident in a direction either vertical or oblique to the

minute balls. As a light receptor, one or more (either
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provided W th &) d@Erddes PSE ea foF imeddli dieddiee hddrd) réwwi norsubstrate and
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m nute q§lls OEK&%nEIEH‘f%“%&ﬁE&ned with a head containing a holding
means which is provided with a vacuum space for holding
the ball-arranging substrate and the minute balls on the
side opposite to the surface for holding the ball-
arranging substrate. It is also advantageous for

20 recognizing the image to use a ball-arranging black
substrate, also in a method for holding minute balls
other than suction.

' As a preferable embodiment of the present invention,
the ball-arranging substrate is made of a glass.

25 Particularly by using a glass whose thermal expansion
coefficient is lower than that of a metal such as
stainless steel and nearly equal to that of silicon, it
is possible to reduce the misalignment between the minute
electroconductive ball and the electrode portion even

30 when thermo-compression bonding is effected at a high
temperature.

When a minute ball may happen to thrust into an
opening of the ball-arranging substrate due to the high
pressure bonding, it is easy to remove such a ball by

35 immersing the glass substrate into an acid or alkaline
solution which dissolves the metal. Contrary to this,

when a ball-arranging substrate is made of a metal, it is
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without occurrence of displacement.

In addition, it is possible to at once open all the
holes by exposing a photosensitive glass through a mask,
and thus to produce a ball-arranging substrate at a very

20 low cost. Such an advantage is particularly evident in
the production of a ball-arranging substrate having not
less than 100 holes (particularly, not less than
300 holes) all at once. Contrary to this, when the holes
are opened one by one, e.g., by means of electric

25 discharge working, if forming a ball at only one hole is
failed, it is necessary to repeat the whole opening
operations, and thus the yield of the substrate is
reduced. In addition, it is possible to easily form
alignment marks in optional numbers at optional

30 locations, which marks can be used to aligning the
electrode portion for forming bumps.

A photosensitive glass, which is capable of being
applied to the production of a ball-arranging substrate
according to the present invention, may be §i0,~Al,0;-LiO

35 based glass containing Ag, Au, Cu, etc. as a
photosensitive metal. If necessary, it is possible to



| ess than 100 holes (particularly, not |ess than 300 holes) all at once.
Contrary to this, when the holes are opened one by one, e.g., by neans of
el ectric 25 di scharge working, if formng a ball at only one hole is
failed, it is necessary to repeat the wiol®’ dpeni ng operations, and thus
the yield of the substrate is reduced In addition, it is possible to

'eaS|Iy formali mar ks in nunbers ,at_ optiona

| ocati ons, 8%825?%' CHFE bea%s cpkf%t%sf‘?rbﬁﬁ%‘gzqth]en%lae%??%de%g%?ﬁ othh? or
form ng bunps bAthhetgfanest b¥etphbaphotovbenbitiveapabke plabei ageapplied to
t he productlon gin t dj.ng h

i nventi on, §5 %hggérr]ﬁéFFérrﬁoﬁgggf % @)ggggﬁ B@ hé?e%agg gﬁﬁgﬁﬁgn
Ag, Au, Cu, etan aEPQOpn@abeehgcatvenneoarespbndeoessaryhose ps pbesuble to
(L9 - adgl CeQRyeteoqds afpaogeﬁeeéhailé%knaeegeat efELET 1ENB1REEH on

surfaces of the photosensitive ass ate are polished, “a mask, in which a
pattern of hol 8sSPELaFByPed PR aﬁbﬁépgﬂaﬁé Pée ?ronTBSPre§58nﬂPﬁ§a?6 t hose

of the 5 elsstiedealaiea 5 nhmeﬂdvsbmétdeuyeetoeéﬁposeSOpéa@ﬁd on a
surface of a polished gl ate hen, e sug éce I s irradi ated by
I

ul travi ol et QEeroﬁﬁpSS ﬁﬁlng B?Flﬁﬁg BASE A8sTERPYER t AB rmask i s
renoved, an apappﬁbpaiatéhehéﬁhalreaéaﬁméntSLSfééﬁéededotorysyathliézéo

the irr at ed | as [ a en_di sso0 d means of
an acidqﬂ% forﬁgg rggélgé §P?ngﬁ§aﬁ %He éiagp’lyﬁééﬁpéggi Fé o form
bunps with an deéapét?dobynmeanﬂrefthanaslﬁetﬂ]ﬁPrmrEHErdbSirﬁdtbnble t han
3 [err]m fromyibgnd®ng n6eBkErs of the balls and the centers of
correspondi ng Al eIectrode pads, etc. on a seni conductor device, ¥ usi ng
the bal | -arrangi ng $tb&fr RPESABABr BPNEOF® PREPHr WERt aNN3EREFBRY WA cﬂoﬁas

t he holes mnthmageaeﬁaﬁaes @h,t peeFegabl 9nnét meétenmeh&nt Banuh, [ eF6mNMthe

preferal)y not 1oe thap 2o patiLohhhnbnobBeRLO8E 202Ebsb8hALN RY®

electrode pads, etc. on a semiconductor device, by using

the ball-arranging substrate according to the present

invention which has the holes with an accuracy of the

location of not more than *5 um, preferably not more than
20 3 pm.

In the process set forth above, the holes are opened
in a glass substrate where the exposed portions are
liable to be etched by an acid, it is also possible to
open the similar holes by selecting a photosensitive

25 glass, in which the portions irradiated by ultraviolet
rays are difficult to etch with an acid.

This ball-arranging substrate may be used in
combination with a head, which can apply a pressure or
heat at the time of arranging the balls. In such a case,

30 a certain thickness of the ball-arranging substrate is
necessary to exhibit a strength, which is bearable to the
pressure effected in the bonding operation. However, in
the case of thick glass it is difficult to etch glass by
acid, etc. The present inventors found that a thickness

35 of 0.1 to 1.0 mm is appropriate to open uniform holes,

after investigating ball-arranging substrates having
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hol es foOF sucki
substrate should preferably be not thinner than 0.3 mm

and not thicker than 1.0 mm, according to the present
invention.
In order to apply minute balls to the ball-arranging
20 substrate, it was necessary to optimize not only its
thickness but also the diameter of the holes for sucking
and holding the balls, by various experiments. That the
diameter of the arranging holes is simply smaller than
that of the minute electroconductive balls is not
25 sufficient to successively execute the ball-arranging
operation by means of suction or evacuation. If the
ratio of the diameter of the holes to that of the balls
is less than 1/3, the efficiency of suction decreases.
According to the inventor'’s experiments, for example, the
30 percent ratio of success in holding by sucking 500 minute
solder balls of 80 um in diameter was 80 to 87%, when the
diameter of the holes in the ball-arranging substrate was
not more than 20 pum. Contrarily to them, the percent
ratio of success was not less than 95%, when the diameter .
35 of the holes was set to not less than 25 um.
In addition, it was clarified after the inventor’s
detailed experiments that the minute balls thrust into
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e
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because the ye range of from 1/3 to 4/5. 1In the case of a metallic
substrate, e.g. of stainless steel, such a relationship
between the diameters of the holes of the substrate and
20 the minute balls was not clearly observed because the
edge of the holes was swollen when the holes were formed
by electric discharge working.
It is appropriate that the preferable ball-arranging
glass substrate is used by coating an anti-reflection
25 film and thus decreasing the reflectivity down to not
more than 50% as set forth above. However, it should be
noted that the limitations of the diameter of the holes
and the thickness of the ball-arranging substrate
themselves are characteristic factors of the present
30 invention and constitute an independent invention.
Several examples of the form of holes opened in the
substrate are shown in Figs. 11A to 11F. In the
drawings, the surface for use in arranging the balls is
defined as the front surface. Fig. 11A illustrates a .
35 substrate where the diameter of a hole is the same on the
front and rear surfaces. In Fig. 11B, the diameter of a

hole is smaller on the front surface than on the rear
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side than in the ball-sucking surface (it is necessary to
prepare a groove pattern for providing vacuum in a ball-
arranging head in the locations for holding the substrate
corresponding to the locations of the holes of the
20 arranging-substrate. If the diameter and the pitch of
the holes .are narrow, it is difficult to prepare such a
groove pattern).
In the preparation of the substrates as shown in
Figs. 11D, 11E and 11F, the ball-arranging holes can be
25 worked by means of either acid etching or mechanical
polishing. And the edge of the holes may be either
linearly tapered or smoothly curved. In Figs. 11lE and
11F, the diameters of the holes may be equal to or
different from each other on the front and rear surface
30 sides, however it is desirable that the minimum diameter
cf the hole, where the minute balls on the front surface
are sucked and held, is in the range of 1/3 to 4/5 of the
diameter of the minute ball.
The ball-arranging substrate according to the
35 present invention may be applied to arrange gold or
solder balls on the electrodes of a film carrier, e.qg.,
TAB, etc., and to arrange such balls on the electrode of



20 arrangi ng-substrate. If the dianeter and the pitch of the holes are
narrow, it is difficult to prepare such a groove pattern). In the
‘preparation of the substrates as shown in,Eigs. 11D, 11E and 11F, the

bal | -arrangi ng hol es can be 25 wor ked 85 means of either acid etching or
.mechani cal polishing. And the edge of the holes may be either linearly

‘tapered or snoppt i Rl 1 e of he
hol es may be e%{é‘;};}’yp%é%fﬂ@n*% eﬂnc%sl% T'om }géc}ﬂ tlril{eré}Da %%%eq‘]ﬁ and rear
surface 30 sicle ahlFvarera ichip afeglatdlled Har thee Edavnphansdtarfsizih of

the hole, whergeidig, M autss Bald i the gféaarélg;ﬁ%&fﬁawgﬁ%x@&
is in the rang;a of 1/3 to 4/5 of the dianeter of the m.nnute ball. The

bal | - arr angi n®3tbhRYRY REHHENMY & faatk JS"SWhlcd’r s dal %m’!‘ﬁﬁ‘%y be
appl i ed 5o ar radgee e anrdéQiﬂQj’labﬁﬂ |l vrdiliry aicﬁcﬂrreo stfnta fl I m

carrier, e.g.,. TAB  etc and.t.0 a}{] e such bal n t e eI of

- 23 - aprlnt]éﬂ'%?ti]cﬂtsoocml &h 18785 zfn 'Ils on
a chip as detaenﬂadglmg tehedo ot exrgett Heo mtimuded @/]Ledu:rqtmmhssnlylee to
prepare extra r i l,, a

bal | - arrangi ng; lr? slt regitcéﬁfrta}ggg of ass E%cé(écj)?épng!% roéeitq% cB’rp\ég{s,y(alﬁ:tré

invention is d‘é?rtﬁhﬂacﬁmq P fa gy drhehd?adllﬁg the bal |- arranging
substrayg and the g, ectroconductive balls provided with a vacuum

space on the side o ePPpOSIte to the side of holding the balls. 10
EXAMPLES An exanpl PR m - SRR N6 SFFAG S ¢ ThiSekd e ML Wi neans of

a bal | - ar r angivigh 151 las rnﬁ@xsa@mradlmn-@ﬁmﬁrr@smsm iatordildg e
descri bed. Ballharran ng Ias’%substralte echc dvmtha15

coating fil m JHSNERS ﬁqﬁ[ H?]"e 2%t ' érij C were prepared. A
so-cal | ed i mage- reﬁﬂd—mrmmtg@gmﬁ&mﬁawmm@m_m@t ed on
these sybstralde Gy 19 We 466, Ordi), SNrii bk Cr et SOHELE PHUISLILE. DA S

wer e sucke
so-called image-recognization test by means of a CCD

camera was effected on these substrates, on the surface
of which minute electroconductive balls were sucked.
Table 1 also shows the results using a bare glass
20 substrate.
Table 1

Coating film Result

No film (comparative) X
W50,

25 Fe,0;

TiN

TiC

Chromium oxide

O 0O 0 0 0 O

Perovskite structure
30 oxide (Y-Ba-Cu-0)

The errors in the minute electroconductive ball-
adsorption were examined by the image-~recognization test
under the following conditions:

35 Ball-arranging substrate = photosensitive glass

Number of the sucking holes of the substrate: 300

The diameter of the sucking balls (um):



Table 1 also shows the results using a bare glass 20 substrate. Table 1

Coating film Result No film (conparative) X Werr]O[err]

‘0 25 Fe[err](err] O TiN

0OTiC 0 Chrom umoxd4de O Perovskite
Structure 0 30 oxide (Y-Ba-Cu-O The errors in the

m nut e el ectroconductive,pal L5 a 68rpﬁ$8n %gbe §Q6”LRSdsB§ t he
' OW fi 5

i mage-recogni zation test uhder‘the fo tondrtrons:
Bal | - arrangi ng subsThat matephalosénthei sechedsbaNuaber of the sucking hol es

of the substrate: 300 Thg,§jjagghe he sucking balls ([err]m: - 24 -
30, 60, 100, 150, 200, 300 angﬁéoéo$ﬁginaterial of the sucked balls: Gold

and sol der Light sobigBt SeHsBfeFanpeBson lamp  Sybstrate with no coating
(Conpar atg ve): refl gghk¥rh¥eOlritl he 6%t ihfapesmparytivedt 85 to 90%
Substrate wth a coating: riflectLV|t¥ 05 5'to é%ﬁ; transmssivity gf g 10
to 20% Nurmber of Experi mEAfLSCYEBLIER PheltabPel®FnethAPRMASEABILY: RE Base
in that sucking nore or tes80#&%i nute balls was judged as proper or

appropri ate sucking ' ed. aj and the 15 mar ks O show t hat
recognition of exis?gﬁggkg gegéggsgbg%géggﬂd hol es | acki ng sucked balls

coul d be exactly done. |reféeetduityrofm bheor €88t tranamigpévityiecfndge
recogni tygpn i s made usingogasghass substrate with no

Number of Experiments: 100

In the Table, the mark x shows the case in that
sucking more or less minufe balls was judged as proper or
appropriate sucking was judged as failure, and the

15 marks O show that recognition of existence of excess
balls and holes lacking sucked balls could be exactly
done. It is clear from the results that when the image
recognition is made using a glass substrate with no
coating, even excess or lacking of minute balls are

20 judged as correct and that the number of sucked minute
balls was exactly judged in the cases of the coated glass
substrates, in which the five coating films depressed the
light reflection from the surface of the ball-arranging
substrate. The erroneous recognition occurred at a rate

25 of 15% in average for the bare substrate.

It is possible to exactly produce bumps on the
minute ball-arranging substrate according to the present
invention, even if the diameter of the balls and the
pitch of arranging balls are modified due to the future

30 trend of semiconductor devices.

Thus, according to the present invention, it is
possible to form precisely minute electroconductive bumps
on the electrodes of a semiconductor chip, a film-carrier
or a printed circuit board, because the light reflected

35 by the surface of a ball-arranging substrate is depressed
and thus the accuracy of image recognization is

extraordinarily improved in the inspection of the minute



coating, even excess or lacking of mnute balls are 20 j udged as correct
and that the nunber of sucked mnute balls was exactly judged in the cases
*of the coated gl ass substrates, in which the five coating filns depressed
the light reflection fromthe surface of £he~bal | -arrangi ng substrate. The
.erroneous recognition occurred at a rate 25 of 15%in average for the

‘bare substrate, .t is possible.to,exact] raduce bunps .on the m nute

bal | - arrangi ng)asldbsstsr ed‘;@&%&\ené)aﬁg"ﬁ% gé.gxgntsq%ﬁ&% tleo'n, even if the
di aneter of the balA sbaddd-eumaqgm@ hefadaresarsgiovy Hal [Fsigar & wedi fused dwe to
the future 30 rodxfceé“%i‘?xfut%e’Hlfﬁ%%@o?{du%et‘éﬂv“ee%aﬁh%m ccording to the

present invention, it I's possible to formprecisely mnute
el ectroconductive REFEFHMa e diget dddes BHfPad lsagiremgdng subsiirgtes 41

L il trrL cargi fer Qls %’mdifédWHi‘#érC Il %ﬂid&ﬂﬁt&f%@iﬁﬁ &;tsh%nldi &glb u@fclta%qbel;éh%

y the surface of .a hall-arrangi su rate j s depressed and .t hus
accuracy of i I?Egéjﬁeeg’c?glrﬁszét?ﬁ (?%‘qng‘h(?x tFoe pads; ﬁgr 6V¥E&d aﬂ,}gpﬁg- 3

i nspecti on of ddpddrialdignment can bebaldne dyc ad non thiee alldignmanta nairkg
substrate. A Rkall-arrangi d 0 FEig. s used to produce

m nut e el ect r%%gﬁfﬁ:toﬁvg:}%ﬁ%%ur?%?ﬁ%% rslur]?gSttg:gt%' \éﬁ'MA, a

bal | - arrangi ng subdisr showil il Fid.s 12Bedheydaldssdd beddubyothehi p 45 and
t he | ocagi ons Qf | wehdd Ig%g%r S are ali.gned, A
rapid a??gnmr#b%ﬁt%agg%eﬂ%y usidtnr&?_ltcﬁ al |S%(r?errg%t§&rr§?§s? ftglﬁr?ggl%nqt‘;he

bal | - ar r angi n@£s st sgrd cpndugd-ogh P A5Fmgunted oph&hegSNPPeTthdibd by t he
10 substratg iy & | sRFead NIeTEBoGIVRpN bRt BHAa1Nads 44 of the

sem conductor chip 4 unted qQn the _suppqrt 46 w a pressure of 10 to
30gf per one ball. 88 S (‘ﬁ%%”n%ﬁgg Eiff@, a3|l| tlhﬁe\gﬁélqlss 4§3a§ree%88ﬁl&9dtf’o t he

pads 44, and tthen paltis dadueed whessithe seaveed’ pressire spaekidng folre ball s
R e i i B T e e
and the ball-arranging substrate 1 is moved upwards.

In this example in which the minute
electroconductive balls 43 are sucked and held on the
substrate 41, no lack of balls occurs or no excess balls

20 are sucked due to the lack of suction or the leak of air
generated by an inappropriate shape of the holes. The
semiconductor chip 45 provided on its support 46 is
heated up to 300 to 500°C. The bumps are bonded to the
electrodes while forming an Al-Au-based alloy, without

25 failure. The displacement of the bonded gold balls due
to the influence of the heat at the time of forming bumps
was not more than 13 pum. The deviation of the height of
bumps was not more than *2 um. Furthermore, when a thus
bump-~-provided semiconductor chip was transported, no

30 bumps fell off. In addition, when such a bump-provided
semiconductor chip 45 was bonded to an innerlead of a
film~-carrier, it was confirmed that the leads did not
flow and fall off.

On the other hand, when ball-bumps were formed by

35 means of a ball-arranging stainless steel substrate, in
which ball-arranging holes were formed by means of

electrical discharge working, the displacement of the



el ectroconductive balls 43 are sucked and held on the substrate 41, no | ack
of balls occurs or no excess balls 20 are sucked due to the | ack of
‘suction or the leak of air generated by an inappropriate shape of the

hol es. The sem conductor chip 45 provided oh1ts support 46 is heated up to
300 to 500[err]C. The bunps are bonded to the el ectrodes while form ng an

Al - Au- based al | hout he_d nt t he bonded
goldubaﬁfg dgefg%mFﬁghuWPFugﬁgem8Fetﬁﬁgﬁeaésagmfhégﬁ? NEF PgLﬁFnS bagpg
was not nore thandstﬁens]wer@h&hdesam9|es shoske skéi ghirtdf abowps wad not
more than 2 [eEBL”hgﬁE g&”BEeth&hﬁa#gpkhgﬁfQHEPIBEgghdBﬁmﬁ%&kﬁQ”QHCtOr

chip was transporte In a tion en such a
bunp- provi ded §éﬁ1€éﬁ§§c?§r+ahﬂﬂ 45 was bonded to an innerlead of a

filmcarrger, it “ﬁﬁsCQﬂﬁh%%EQtEBaEnthﬁe|ﬁﬁ@%edepBQEmEhQ“/Qﬂdafﬁhhuﬁéf On

t he ot her hand, .when ba nBs ge S or e nmeans of
baII-arranglngeé?&FﬁP€9§d§F§é es0Bd réFéanHﬁnﬂhFBHSG§PFeaPFaﬁgWﬁ§“ﬁ8Ies
were forned byeneams-oebnelhectlxrecalaldl-aelﬁahgen@ohbang byhasdngphageaest of

t he - 26 - fo d np re than 1 er whi | ot her . .

condi tions wer & %ngrggéé égg?ﬁg mgngﬁogt%h%bB - 518“t e ggsig ?8518P t he
hei ght of the Aodnsbdebghppewad ithet helﬂangeaogmg[ bedpm, 3t was As

il Tustrafed in ng1BQQV€oeéR%EEB§HEnaknl trogybeeekﬁetaeegggegtaxe

baII-arranglng substrate or m nute e onducti ve rangi ng head,
by using a gIa§§t§&B§tFH?eba&ﬁda5§aP§ﬁﬂSvﬂﬁSaFHQ“prUBF§hoﬁléPWFh§°F@é§9|on

and the shape afinhbe bakttabtandubgibel Bamp stwweﬁ 40nhi hpaaaubheyten
extraordinarilﬁ ingéove tae ac urac i,n-s ttlng Be ba af ﬁ

| ocation, whi clP8 FORETFBARENGEnPNE @lEPB PFB@ ndttdPive Eﬁﬁﬁ thea Rfgh
accuracy on tha pkeateddesrohia beardonductor chip, a filmcarrier or a
printed circuit board.



- 27 - CLAIMS 1. A bal |l -arrangi ng substrate conprising: a substrate
having a nmain surface; and a plurality of ball-arranging holes which 5
‘are provided on said nain surface at IocaEions corresponding to those of
el ectrodes of a sem conductor device or~a rrnted circuit board, etc., to
suck and hold m nute el ectroconductive balls in said baII-arranglng holes

10 wher ei n when I|gh%¥h&hsn1nates said ball- arranging
surface, the conditions of arrangenent d m nute el ectroconductive

balls are optical | y1 r ecdygrialed-dxyramspirgg cfubisherdigyonpefilsdotgsd by said
m nute el ectroconductive ballg a3 hPald afﬂ‘rn{aairlg%ﬁéc 4 ace, the

wave | ength of the |ight of a |1 ght source i's set I n the range o 300 to
900 nm and the refIectlV|ty'%ﬁpﬂq%ﬂﬁlﬁﬁcﬂﬁthﬁihﬂ%ﬂﬂaQSﬁﬂQ: 9

nore thap 50%and Prdieiiddain sdif Infoitd Warfidderatl Slovawdrged on t he r ear

:gm?g? |O];1 ts?}ud baII ar[ ’étd’gté} Searor‘yar?slntrat %d‘gtte t o sai d1|l

the irradi at edidwigld .0oR2.a prA.xbﬂald ~cAilfarigi rtg:ae:td),sterw.e, axmmmhMgmd) hnl]ai m 1,

wherein a refle ti.0n- I8¢ { J.S for n I I angi ng
surface on whi clfcjnmstael C’{&% délc rlc}'ceon uc |vl§‘ ba %1ds ba‘?flgl g’u n@ﬁ: hel d.
3. A baII-aMQ%ﬁﬁw@ substrate accordlng to claiml1l or 2, wherein said

bal | -arfgngi ng substrate is QRS Lof 11 tes 2@ lyAnr-angi ng
substrate according to claim3, er el n sal ?}l blst ruéntlerél sesm':lcfB P

phot osensi t | v THaELNG SurfRqsy |the WW%Q étréfaé&ﬁﬂemtng’ft @adﬁ& one
of claims 1 teihutkheiRidtAdtondldtiwl dda diaeioyt ifaldy rectind zed

mnut e f oot r SROMAARS B (19 &S FAHE b Fo R b ”ﬁ%%aiféeraﬁii e
electroconductive balls and by said ball -arranged '
15 surface, the wave length of the light of a light source
is set in the range of 300 to 900 nm, and the
reflectivity of light from the light source is made not
more than 50%, provided that a reflective mirror is
arranged on the rear surface of said ball-arranging
20 substrate opposite to said light source, in the case when
‘said ball-arranging substrate is transparent to the
irradiated light.

2. A ball-arranging substrate according to
claim 1, wherein a reflection-reducing film is formed on

25 said ball-arranging surface on which said minute
electroconductive balls are sucked and held.

3. A ball-arranging substrate according to claim 1
or 2, wherein said ball-arranging substrate is made of
glass.

30 4. A ball-arranging substrate according to
claim 3, wherein said substrate is made of a
photosensitive glass.

5. A ball-arranging substrate according to any one
of claims 1 to 4, wherein the ratio of the diameter of

35 said ball-arranging holes on said ball-arranging surface
to the diameter of said minute electroconductive balls is
in the range of from 1/3 to 4/5, and

RN R R



-28- the thickness of said ball-arranging substrate is in the range of from

0.3to 1.0 nm 6. A bal |l -arrangi ng substrate according to any one of
clains 1 to 5, wherein the dianeter of sab mnute 5 el ectroconducti ve
ball is in the range of 20 to 300 [err]m “7. = A ball-arranging substrate

according to any one of clainms 1 to 6, wherein said reflectivity of said

bal | - arrangi ng substrate is PRL Q%{gkﬁggg ?99%a§d af&”&?#

el ectroconductive bal | -arrangi ng e of %%nprising a
plurality of b%mbStE@t%ng$ngnhbh%sram%% of ahrerr0od hﬁlbh |@msnaller t han

that of said minutegel echrRsPNdNetiNgi G| SbstPafe ! 3086r8Phg €6 NAF one
el ectroconducti ve baIIs at locations corresp ondlng?to t hose™ of el ectrodes

of a sem conduRtoflaims 1gkQjee BherehRi RRRgdt#reteY BbaFyid \REREFS t he
rati o of sthe dép@et@dsc@iﬁdﬁatﬂv@abémrwngmngh@Oi:@ﬁgéOof ham fxfa 3@0 duri nut e

el ectroconducti ve b,?llseés% f t he [ange of from / A e dianmeter of
sai d bal | -arrangi ng’ hol 2 %'ajiﬁang DL APEHD t’?l‘éc%JF%Je %f ArF RN
said mnute eIeﬁtmb@:mdutttaesbathreinsaaddba¢flemt£w@¢mgoﬁu®sidab&iland

t he thickness ngrgﬁ%%“ﬂ %tgéfgtﬁgcggg%éfé(et& | rangi ng substrate is

in the 25 range nute el ectroconductive
bal | -arrangi ng gl as8- sub&tmam@t%c%tﬁQWr@FQQd@¢%dﬂ$8ba¥¢m@E¢¢P%am@ substrate

is made@f a photosLiss thy&S @faéfass’gocomprlslnglé) l&ﬂ%%f ball-
el ectroconductive ball-arrangin ad, nprisin m nut €

el ect r oconduct3eAM3H 1Y PR n %Lﬂbﬁm%‘f%rcq’ﬁlvﬁ%bc}i‘nl%n?%%l%? W3 1 to

9; and, a neansh&®rofossidombmhte e et €rasdondu®t B8 ris€dslpctd Ver bahdes,
prOV|ded with a yvacuum suc

AR S T e R i
corresponding to those of electrodes of a semiconductor
15 device or a printed circuit board,
wherein the ratio of the diameter of said
ball-arranging holes to that of said minute
electroconductive balls is in the range of from 1/3 to
4/5, the diameter of said ball-arranging holes being
20 measured on the side of arranging said minute
electroconductive balls of said ball-arranging substrate;
and
the thickness of said minute
electroconductive ball-arranging substrate is in the
25 range of from 0.3 to 1.0 mm.
9. A minute electroconductive ball-arranging glass
substrate according to claim 8,
wherein said substrate is made of a
photosensitives glass.
30 10. A minute electroconductive ball-arranging head,
comprising:
a minute electroconductive ball-arranging
substrate claimed in anyone of claims 1 to 9; and,
a means for holding said minute
35 electroconductive balls, provided with a vacuum space for
sucking said minute electroconductive balls on the

surface of said substrate opposite to the surface, for

T O



- 29 - holding said m nute el ectroconductive balls. 11. A mnute

el ectroconducti ve ball-arrangi ng apparatus, conp : FREt: .
“el ect roconductive ball-arrangi ng 5 head cl ai npd H'H SEEET MABOBEEN i ght
source for illuminating a surface of sard?dubstrite ofERiAGEDai d i nut e

el ectroconductive balls are held; a light-receiver tTor receiving tight from
10 said light, source after it is reflected hy. said bstrate; and, an

i mage- r ecogni %f‘?ﬂgé% 3 t’?’rfbm?%a%secf‘iﬁocro&cg%t?’z‘f%gb?% condi tions of the
arrangenent of sai dihi nuA enighweot redcardumstonvdadial ves  bahl -edr xang iarg anged on
15 said su ﬁ&d‘lgna%ﬁkg output fromsaid light- receiver, said

i mge-recogni zi'g and tTeating neans exani ning the conditions of the
arrangenent of the el ectrocorfidtinufie RAFEtegqduch e Rat y oo e

bal s areg arr anged ©reswd Daldlaim agi ng substrate. 20 12. An
apparatus for arranging mnute e ectroconductive, balls accordi gsq*t claim
11, wherein arrangi ng of sai & m¥fft% %q\bqﬁgoé% TP ft ed on

said m nute eleftsaidnsilsdtineetdadn -viiicng aig] muisitatel ecst repatwtiven t he
case when the ¢ itions of . 25 arrangenment of said mnute

el ectroconduct]?é\jgpsbaéﬁoes%ée?led’not appropriate. 13. A nethod for arranging

m nut e el ectroconductive bal l&s,ligghtpriedenigehefan epgcaivingickight afirpbn

hol di ng 40 arrange ﬂ‘#“% e%&%ce £268t raconduct ¢ v ot 115, o, 4 surface of a
ve ball-

m nut e €lectroconduct arrangi ng substrate, at l‘ocations
correspondi ng §¥P e t®caATDns of el ectrodes of a sem conductor device or a

printed circuit board; and ilddmimatd Nesyrh SiHd el hotdh tith adhndb
mnute el ect roconductigi sy Send A& (df GRNUH Alertin &' ANSEEN
of said m nut g 9 rrang

minute electroconductive balls, which are arranged on

15 said substrate, based on the output from said light-
receiver, said image-recognizing and treating means
examining the conditions of the arrangement of the
electroconductive balls after said electroconductive
balls are arranged on said ball arranging substrate.

20 12. An apparatus for arranging minute
electroconductive balls according to claim 11, further
comprising the means for repeating arranging process of
said minute electroconductive balls on said minute
electroconductive ball-arranging substrate, in the case

25 when the conditions of arrangement of said minute
electroconductive balls are not appropriate.

13. A method for arranging minute electroconductive
balls, comprising the steps of:
sucking and holding to arrange minute

30 electroconductive balls on a surface of a minute
electroconductive ball-arranging substrate, at locations
corresponding to the locations of electrodes of a
semiconductor device or a printed circuit board; and

illuminating said surface holding said

35 minute electroconductive balls to recognize the
conditions of arrangement of said minute

electroconductive balls by using the light reflected by

A



el ectroconductive balls by using the light reflected by - 30 - said
m nute el ectroconductive balls and that reerctef‘TT‘“th.;

“el ectroconductive ball-arrangi ng surface, mhereithﬁijfféfb

illumnating light is set in the range of 3800 t o/l9Q0 rf§PEac

reflectivity of the light reflected by said mnute e s geondtictivie
Dal 202001 o LR d PSR Bl one L han, SRR A TG gt
to claim 13, I1€kid minute electrocovbicetive dball bedtrangbngiswradisirate is
one in accordance with any O%Qeﬂ ad}{’g Fadd Igength of said
' illuminating light is set in the range of 300 to 900 nm,
5 and the reflectivity of the light reflected by said
minute electroconductive ball-arranging surface, is set
to be not more than 50% based on the light source.
14. A method for arranging minute electroconductive
balls according to claim 14,
10 wherein said ball-arranging substrate is

one in accordance with any one of claims 1 to 9.
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