; hi e3e(_(\(x6T?E 10 DEC 2004 METHOD FOR | NSPECTI NG PRI NTI NG STATE AND
SUBSTRATE BACKGROUND OF THE I NVENTION 1. Field of the Inventi 0?’ q@g@m
nti

I nvention rel el d of methods for inspecting the pri

of materials ﬂ",mmm,mm,mmmmmbstrat es, and substrates to be printed 2.
Description of thggkrior Art In the manlfacturing process of circuit
substrates (hereinafter referred to as "substrates”") on which electronic

conponents are nmounted, the nmounting state is inspected to secure the
reliability of each product. Normally, an appearance inspection is

I mpl enent ed | : ) N el ectronic
component o MIEHEEAD,F O Kistt CHING B0y EIN G SATE AN SUBSTRALER: " (bar
grid arrays) are bonded onto the substrate using bunps provided on the
bottom face of electronic conponents. The normal appearance inspection

met hod i nvol ves observin t te, and thus is not
effective for inspectinggyﬁgiﬁggﬁﬁhﬂgﬂéfQﬁgEJ$$YE§§€h§ pes of conponents
because the sol dered portion is conceal ed by the el ectroni c conponent

itself after being nmounted. Accordingly, the printing state of sol der paste

(hereafter_referred to as "solder") on the substrate is inspected, instead
of the aﬁp@ﬁﬁaﬁé@eﬁﬂé’ﬁﬁﬂﬁmon, to ensure reliability. In order to inprove

the reliability of the inspection itself, all printed points on the
substrate should ideally be inspected in the above inspection of the
printing *@0001* 10 DEC 2004 2 state. However, inspection of all printed .
poi nts woul d r d§aipreseat ineptiongslatectobe field of methedador tnspeetdng thenove to
each target portion to check and evaluate the printing state by visual

r ecogni t puntingistate pf materdals psinted prisubstrates) amlgsmgemubqamtedc osts,

since an excl usive inspection apparatus woul d be needed. SUWARY OF THE

| NVENTI ON The present invention ains to provide a nethod for inspecting the
solder printing state at | ow cost while securing the -necessary degree of
accur acy?2. Description of the Prior Art

In the manufacturing process of circuit substrates (hereinafter referred to as
- “substrates”) on which electronic components are mounted, the mounting state is

inspected to secure the reliability of each product. Normally, an appearance
-inspect'ion is implemented using a camera for examining the soldering state of
electronic components mounted on a substrate.  CSPs (chip size packages) and
BGAs (ball grid arrays) are bonded onto the sﬁbstrate using bumps provided on the
bottom face of eléctronic components. The normal appearance inspection method
‘involves observing the upper face of the substrate, and thus is not effective for
inspecting the mounting state of these types of cdfnponents because the soldered |
portion is concealed by the électronic component itself after being mounted.
Accordingly, the printing state df solder paste (hereafter referred tb as “solder”) on
the substrate is inspected, instead of the appearance inspection, to ensure reliability.

In order to improve the reliability of the inspection itself, all printed points

on the substrate should ideally be inspected in the above inspection of the printing

R
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The inspection nethod of the present invention is to inspect materials
printed in a predeterm ned pattern on a substrate by detecti ng1t@e[]gr@r‘20m.
state with a detection neans. According to one aspect of the presen
invention, there is provided a nethod for inspecting a printing state of
material on a substrate conpri sing: prir?ting material on to a substrate
using a mask having i) a required portion, and ii) a test portion, said
test portion being provided in an area at a high risk of causing a defect
of print egicMB&HdRY, inBBdios F d11 Brihidl ipBGisDEAY rdEird 2M1ERO:MO BEand HOREhdA ON
whi ch has a hi gh ri’s“ll<saof °Causi %g a'él)ef ect of rés?laird rrg{%grli al when prlg}lltred
sai d t estvopldriged e movel t9 Gerdi tagget pastion: tnelieak) asd gyaluabs thgrpristing stetephy wisead
meter i al Dy lRSPeCHiNGdb] RobiiRY HhiaheroRs SAkimBR! Slslsinfl SAbiikes!
portion. fAcgcdé_r1 I ng to a sec@ﬁd aspect o teﬁsfgs %raelglgnt ?Jr?\?’erﬁltnggr?,ﬁ %’ﬂleu%ggi S
pr ovi ded ingpegtipmenpatatys wonldbeaeddady a printing state of material on a circuit
board conprising: printing i b d circuit board using a
mask having i) a required S?W%Y%ﬁ%€i§¢@(%\r}i nting portion, said
test printingThopteson irtyentiog apnoiei rdeddd anmathod foe dnsptctiag Heghldet grkntiog seeusi ng a
defect o [ teri.al _and having.a smaller printed pattern di nension
than a sfrlPa ?Oess{’ﬁ%zftg%é@ﬁkh&inﬁ%ﬁssafyo%gfeﬁgg%ﬁcgacryéqui red portion; inspecting a
printing stat&hefinspedtentmeshodof the pgsqpoOidviention &N jnsebgi nyteriple Pintadt inng
state of ] ' ' ) n I |t .0f i.d inspection

wher ei n, pgegftgmrlr%{d}ra ﬁ%+ 8%1'%5%)??&3% g%lg)eger?ﬁ tgg tgeaplgmf"cgsz#e ‘f)vgﬁ? flgtgcuﬁrrl\ &f™a condi tion
whi ch has a hiAgbording ko ofe aspeatsofiige mesdatfimehtiof, tieed isl prosided a alethwth dor ifpeatingd on
said tes 11 Q0. r.qi to a third. aspect. of the present invention,
there 1o rguidiie o BERLE O Mhas SRR Ptorf el OB S st S 1 e
pri nti ng nask having ipa raghieedspolpting atddi) agest gortiers tsaip tdshpartian Ypdret providdddh ag area

di sposed _j area at. a_hj ri.sk .of causing a defect.i.n a condition which
nas o n gt PRSP efbiof e o B &L matHal PR bRt bt BrBERY WERS on
smal | er thaltion wiell hasd hjghtriskrofi caisimgres tefect fof rsaid dnaderiab aihen peoped e daigrtesat i ng
porti on. o] of . L. re ' 201 | . rinting.portion
havi ng Aol AEREE el B3P by LR beri o Bibecing e 0RO

di mensi ownf gid matetisd bn pad testrportion. be printed is provided on the substrate.
After printing, t 1N rti i : e j

means for  exanea e (3 solsdloP Ble il SvaRhEhEE Mk REL AR B
of the taspecting aprimpgpate dfamferishen peircnit bpayd seraprisingf prithieg e printivg watbsi bat e i s
j udged. e . : O i i i ded . ri . 10 2004
aof i na et MerP il RO L RLG R0y RS MBIRE orgod idses 200
i nsi de t pgntafefpegion\beinp provided ip amegiagna hifheisklef @oting a didtct aif privthé mptetrialtand g

state of ha‘(t}l?g Bes llﬁr ﬂ{))rmtéd 18 é}ihlgx%’iona{ﬂgn rark?naﬂésjt %%t'té}lg dﬁfl&gﬁg Qifl s{aigerefﬁltehr e
substrate 1 s” Judge ased on the i1 nspection results. Accordingly, e
present ippsientinwecting atprising wat¢ plsaisigest pietingroortionnapdgedging the piinsing sletstofahi | e

securing 4 - r r : - DEC -
PESCRI PTIERE 6@8‘%@%‘%&\5@%@6’%@ °$§@g§5§9§18 hee }n?Easq‘? &g&%@ﬁtﬁdg%g il
printi ngtesppertion urder g candiverdwhick hod ¢ thigh niskedfeapsing ®dplodi afeaid miteridhavhsnesent
i nvention..Ei S pBrtigh@n view of the screen printing apparatus in
accor dan?remtwéllt%sat t_lg 6r o erred enbodi ment of the present invention. Fig. 3A
is a plan vi evicedrding s third aspect of tagcprescaiancaation, thera ia rqyidsfl @rsplestiate g aent
of the prg ink DYEOE LR redil; ] o] V| f .1 he
oUbstrar & ealg:l%grlﬁancl{em‘ V&e{‘.hlgd piittirgoftioR b the'slbiaRl saftt 85 bRGTh PR on Bbink
disposed in an area at a high risk of causing a defect in a condition which has a high risk of causing

on

a defect and having a printed pattern dimension smaller than a smallest pattern dimension formed
on said required printing portion.

In one aspect of the present invention, a test printing portion having the pattern dimension
smaller than a minimum printing pattern dimension of actual pattern to be printed is provided on
the substrate. After printing, the test printing portion is detected by the detection means for
examining the printing state. According to the inspection results of the test printing portion, the

printing state of the entire substrate is judged. The test printing portion is provided on a periphery



the preferred enbodi nent of the present invention. Fig. 4 is a block

diagramillustrating the configuration of a control system of tﬂqa EE@Q‘]U#
printing apparatus in accordance with the preferred enbodi nment "o e

present invention. Fig. S5A illustrates a test printing portion in screen
printing in accordance with the preferﬁ%ﬁ enbodi nent of the present
invention. Fig. 5B illustrates the test printing portion in screen printing

i n accor @hREesuRsirats ophef the effest yeprinking 6reeione AT 2 face Freiopriesiderthe piiecdMe PHRINgF g.
SC i I'l ustggadne Sk letetibiSdetdalsi it ﬁrﬂﬁn? el P bhe! tEst PRAERDoRIONNArdNEe C%r'ihtiﬂg cafedance
with the preferred enbodi nent of the present invention. DESCRI PTTON OF THE
PREFERREDeEpHruRAtIte iajysieed basedan Siepeshontresyits.t Hecosdivglp the prgseahinveion s
descri bednb@Xto el thrBfiaR GSte b0 BNIWIES securiﬂé}hpgé;eéggﬁe efdtfadluracyNe
configuration of a screen printing apparatus is described with reféerence to
Figs. 1 and 2. In Fig. -1, a substrate positioning unit 1 conprises a
transfer table consists of an X-axis table 2 and Y-axis table 3, a
theta-axis table 4 piled on the transfer table, and a Z-axis table 5

di sposed on the theta-axis table 4. A substrate support 7 is disposed on
the Z-axis table 5 for holding the substrate 6 wwth a clanper 8. A
substrate 6 for printing is |oaded to the substrate positioning unit 1 by a
| oadi ng conveyor 14 shown in Fig. 2. The position of the substrate 6 is

adj ustabl e by driving the substrate positioning unit 1. After printing, the
substrate 6 is unl oaded by an unl oadi ng conveyor 15. A screen mask 10 is

di sposed over the positioning unit 1. The screen nask 10 conprises a frane
11 and screen 12. The substrate positioning unit 1 positions the substrate
6 agai nst the screen 12 in a way that the substrate b contacts the screen
12 fromthe bottom A squeegee unit 13 is disposed over the screen nmask 10
in the horizontally reciprocatable fashion. Sol der paste is supplied on the
screen 12 when the bottomface of the screen 12 contacts the substrate 5.
The squeegee unit 13 slides a squeegee on the surface of the screen 12 for
printing solder on the surface of the substrate 6 through an opening 12A
(Fig. 2) on the screen 12. A canera 20 is di sposed over the screen nmask 10.
As shown in Fig. 2, the canera 20 noves horizontally in the XY direction
according to the X-axis table 21 and Y-axis table 22. The canmera 20 takes
the i mages of a recognition mark provi ded on the substrate as
identification marks and the test printing portion set on the substrate 6.
Details of the test printing portion are described | ater.



As shown in Fig. 2, recognition marks 6a and 6b, which are identification
poi nt:'s on the substrate 6, are di sposed at diagonal positions. EﬁP{g§Q§zgg4
and 12B corresponding to positions of the recognition nmarks 6a and are
created on the 10 DEC 2004 5 screen 12. In Fig. 2, the recognition mark
6b is |l ocated under the screen 12, and3thus it is indicated with a broken
line. If the substrate 6 is positioned~correctly against the screen 12, the
recognition marks 6a and 6b are visually recogni zabl e through the openings
12A and 12B, and accordingly their imges can be recorded by the canera 20.
The position of the substrate 6 is thus detected by checking the

recogni tion nmarks 6a BREFDESCRIFTICN OF THERDRAWINGS posi tion of the
substrate needed to nount el ectronic conmponents is then cal cul ated based on
the results of detecting the positions of these recognition nmasks 6a and

on’ the subat 7 et RSB #Eﬁéﬁﬁ‘i%ﬂ{"g‘ﬁéiagéépﬁ? %ﬁﬁﬁﬁ“ﬁléﬁm
cubst r o188 AR b Rl o T BRSe b ReRIBTE, L0 627 Do Tor

nount i ng el ectgx.onic caomponent sc S, print . i th. ¢ . i zes
are formnmed ins‘l’slgehluh%p% Wﬁ“ﬁﬁf B%?ts%é‘?% é&%tﬁggsmgésﬁ%&ﬁggé@?yﬁ Pirii’t ed on
t hese | ands 6¢, by, scree rinting., Ate printing pattern 6d for
infspe_ctiH’]‘é"r??"Ff\’é;l #pﬂ&%r}ﬁéb%pﬂs%mﬁwaaéémon the periphery outside the

DL t0d bot el AeE e ok B RRRUS Bonfleten Bul M Rl orehot
used for prin . ; [ one-do
chain line gprres onds to the substrate 6. Openings 12a corresponding to

t he scr e‘(‘e‘ﬁbﬁ it Qf the presaat BYeBHORhe substrate 6 are created on the screen
12. The test printing pattern opening 12d corr.espqndi ng.to the test,
printing poi ntFﬂd3le_S@rIél@Pd’é"éleﬂf agﬁ?f%ﬁ”e@a%PEg?p tWﬁnga‘E‘ﬁ’éS i%’r‘l’éry of
the substrate 6 outside the printing pattern area. The shape of the test

pri nt i ngthgpreferredogmabodignent ofithe piesEabINVNHRRNd or rectangul ar, depending
on the land shape jn the printing pattern of the target substrate. 0 DEC
2004 6 The sizEig# ishdloek diggram ilngtrpang tercanfigiration o 3 condiea SYSFmGan

t he S|zeﬂ;: the solder printing pattern tQﬂP&mPrIPted onbzge igﬁkuﬁat | and .
6c (n) i e shrearhpripting) apparapistinscaordasge voth thatprefersedrembodpaentiofitheim si ze
of the solder printing pattern practically used is approximately 0.4 nm In
t hi s casepreseheinventtomf the test printing pattern 12d is, for exanple, set
to about 0.38 mm The size of the test printing pattern 12d naydPe reduced
as the size of FiheAillustiates p st printingportien inus¢reen privding, intaceordance
configuration of the control systemfor the screen printing apparatus is
descri bedvith tHe prefegretherebodinkérg.of4he presEninvéntione CPU 30 is a control wunit
which controls all other units described below. A recognition mark position
menory 31 stor @g 3B ilhedidésne test privtingepotiontin soreear printing inacodbdancet he
substrate b, openings 12A and 12B created on the screen 12, and the test

printi ng wigh theoprefeirdde6MbOUIh ot dfahepedsent imventiyn33 stores data such as the
size of the recognition marks and test printing portion. A.print position

data nmenory 32 ggp. ' | teShrixtiig potiondn’seeddroprinting it a¢cvrdance
correcting the %%g??éﬁgatéf% sﬁlgbstratgep6 W th respect togt he screen 12
during pﬁ#{fﬁ'ﬂ@p@ﬁ&éd’@mﬂﬂﬂ&flbﬂ%ﬁﬁw defilirfVlentiaf. t est printing portion
after printing. e required position correction anount and position
devi ation are obtained by identifying the recognition marks 6a and 6n,
openi ngs 12A and 12B, and test printing portion; and calculating the
deviation in the position between the. substrate 6 and screen 12. The canera
20 captures imges of the substrate 6 and screen 12, and the i nage
recogni zi ng unit DESCRIPEIIN:OF THEBREFERRED EMBODIMENEer a 20
regarding the positions of the recognition marks 6a and 6b and openi ngs 12A
and 12B. At the sane tine, the shape of the solder pastee printed on the
test printing portion is detected. A judgenent unit 36 judges the printing.
state .of the eAtpreferredrhbedimdmofthoprestrt ipventionds desaribedmexhwitllest
printing portion.

reference to drawings.



10 DEC 2004 The judgenent unit 36 first reads out the position data on the
test .printing portion stored in the recognition mark position nﬂr‘xrgg}ﬂml’
and recognition paranmeters for the shape and size of the test print

portion stored in the recognition paraneter menory 33. Next, the judgenent
unit 36 conpares the recognition result of a captured image of the test
printing portion with the stored data for determining the acceptability of
the printed state. The judgenent is nade by the position deviation of the
test printing portion or printing state (the distribution of the printing
area detected by optical recognition). Judgnent is nmade in accordance with
the evaluation criteria given in Fig. 5. Mre specifically, the itens to be
i nspect ed ar eFirspahe¢ tonfigration aftd soneer’ prstisg apparatustis glesbribedwiitth ar e
deviations in the position of the printed solder fromthe predeterm ned

pri nti ngefeferite to Figs.;1 dnd'2| edn Figgwsubstrifegpositibning uakt Ebeiprisasuf fi ci ent
anount of printed Solder paste " s " conpared to the predeterm ned anount
(whi ch tfansfep $4B1E bAsisYoft HEXPELIS tible 2amdaY -dxis tdbfe B! £ Hedtalaxig@Blda i nting
area " a "; and "blur” shown in Fig. SC which shows excess anount of sol der
s b#h%réﬁh U lraRkfdrab R, 8AE W Z-AXRAGHIR'T Bispoet o the thita-axBIabless.i Nkt

from"uficlear.” If one of the above itens is out of the acceptable

criteri ?ub:&'f‘ﬁejsﬁﬁg@lgq% dﬁrp&sea%nqﬁé Zf-mie%l& 53or Hogdi §itﬁc $@Brdte B th a

abnormal ity 1n't rintimng state. screen printing dpparatus int

e
preferr gg%ﬁggﬁg | MRNutfralds £6F @g@y%isnas&d R itleSubShbledshoring fater bped

above, at1on e sc rinting apparatus i's descr

After pQsi.tiini rt r g i o the
Subst r atdotiig Bhyehy 18356 T 2 TThe pOSR of de SEBACACRAAENILD - 12
of the -pringi rn.6d.i ARt ur ~. i e

recogni }?aﬁ%ﬁngﬁbé ?ﬁgﬁg&# i’@g‘éﬁmg‘ﬁﬁlﬁ% t ?r %@ggg’éﬁ@?ﬁ%&?&égggéi tion
result, the ingge rec LtiQ it 434 10 D EC 2004 detects the printing
state ofun?ﬂ%degl%ﬁ%‘?“ rEé“%F?‘h‘fegaf&ﬁ-the test printing portion. This
detection resuft is judged.by.the judgenent unit.36. .lf t j udgenent, unit
36 judges t hat™*SFFHIB 99 h%dlé%ﬁéﬁ%‘%fﬁﬁmas 1PRIRS ‘i“ykﬁlot Iﬁkéc%%é—gﬁék an
abnormaljty in.the printj tate i.5 apgounce ut si.de.. Based, on this

ot co. 16} Compriseica fams LD and sEreEn 4Ryt iR R B GSuinE (LRSS e
operator,as required. ,If all iteng.are acge bl e, .the_judgenept unit 36

j udges tthﬁtsuéé‘?%téﬁ *}%Wtitsﬁ Sﬁr§§“g§éﬁ ap‘f’%@}q%ﬁ% GFSP%(C%&&M"?"Q ar ea
on the inspected substrate. The appropri enesa of j.udgi ng the @ri.ntfgng
state ofl4 HemHie hattamps i aqucagss 88t isshispased aver theJareemask d g dhe
printing portion provided on just an§>ortion of the substrate is basgd on
the enpilkorzontalipigciprasatable fashion, e MAlder paste s sipplied onddie sgraem 1 when
quality. In general, the printing of hiéghly Vi scousaﬁgste such as_sol der
past e t efigdatton facecofathgrssacar 17 contasts she siystiates. sdhg sqyeegaecthdd and
"blur" as the size of the printing pattern reduces, Accordingly, if carrect
pri nt i ngslidestasqueegeeromthe swaeyofthetseraeni 2 fsprintingsoldenen (f]rmsuifam@f
patterns can be estimated to be satisfactorily printed. In addition, the
central thersubstratest through aneopiening 124 €Fig. Rylon the sexebndZe a satisfactory
printing state during screen printing, and the printing pattern close to

the edge of thA camemrR0vissdispasedovep theascrecmimfask 0V e Ax showmdn Fig @othti ngl vy,
the test printing portion smaller than the smallest printing pattern in the
pri nti ngcanet£20 nives hfrizohtalBriaghe e dirgctionvccsding toathedX taxdstabte 2h i s
equi val ent to the periphery of the screen mask, such as the outer periphery
area of HhG YVHRE!thBle2 DUt Thélamb 20 takes theBhigdsofal RRoghitionhinark est
printing portiona is correctly printed, it can be assuned that other

printi nOpRVIYLAR 18 suBAHe bl iddififitatibh nlétkpahd eheedf Brnfing porfios sadmr i |y

printed. e preterre odinment is based on the above enpirical

knowl edaghe Libsflles, "Bt G (e TPy BB ion P aRsciedtatdirer @ f o

As shown in Fig. 2, recognition marks 6a and 6b, which are identification

points on the substrate 6, are disposed at diagonal positions. Openings 12A and

12B corresponding to positions of the recognition marks 6a and 6b are created on the



position and i mage processing function in the screen printing agpar
used.for inspecting solder printing on the test printing porti oﬁ ﬁnﬂ@ fﬂﬁlt

peri phery of the screen mask. This makes it possible to inspect sol der
printing with appropriate inspection accuracy w thout requiring an
expensi ve and specially designed high-gerfornance i nspection appar at us,

whi ch woul d otherwi se be required for Thspecting the printing state of the
entire substrate. The above enbodi nent descri bes an exanpl e of providing
the test printing pattern on the outer periphery of the substrate outside
the printing pattern area 100. However, the test printing pattern of the
present invention is not limted to these positions. For exanple, the test
pri nti n§cigentliZon Indjigbd the secagaition mark abds lagatedcumderithadcreend 2pandh sol der
paste is printed is present inside the printing pattern area 100, or at the
unpr i nt danseit mmdmtccf watheaibrokeatilinens ilfithe substratent ispogitiohed vomeetly The
preferred enbodi nent al so enploys a canera for detecting the printing
state. lagainst thesereemt 12,Hthe reognitiommarksnémard 6b achvisaally 3ecdgnizgdble onet er,
may be used for inspection. Some of other detection nmeans include the well
known dehmuphahe operingsi4RAgartd 2B ard autokdigply tleiriniapes cahrsecoided tgsed
detection neans nmay al so be used. As described above, the present invention

provi desheca@sta 20.1 MThe Eoﬁﬁb_hidf_ﬂhé sEtistate 6 hathushietédted bydheBking!the
pattern, and inspects the printing state by capturing as inmage of the test

pri nti ngeespdition nirk$164 agd &bt e Thewdreetion anfdimtRIfithé positivhaifahesubfieatgnt i re
substrate is judged in accordance with the inspectioh results of the test

printi ngep@éd tPmhounheleb®bhicionpdneatsisthé®Balcalalé PYAREDL thedksaliear at hi gh
ri sk of showi ng defects, and printed under conditions creating a high risk

of causimaﬁﬂ‘ggtﬁ&goémoas of PRUsEGECHPifidn RehrRs BS)anﬂ-éb.lo DEC 2004 | nspection

of only the t rinting portion on behalf of the printing state of the

Lonly the test printi "o Dehal - of “the printing L
Gnabl 65 10 seaur RECEehIPARIOE printhd Mool PRRCIE pORIGH andpRALAS ACUR?, |,

using a sﬁbgﬁ?ﬁt‘é ﬁg%ﬁ??’ﬁ%&@wfgf%ﬁﬁq&}gg@fA%@%'enbOdi ment describes the

case of scr\t/a\ﬁn prin wever, si'c concept of the present ]

a et ect  under LS} ?%Eéé??o@?h?ﬂeéffylﬂ?_g't@%aéfée ?’%@f fé&éf?%hﬂh#%ﬁiég%@fcf he
et hods BE AP Ef@ﬁ igéﬁgﬁﬂﬁgédm?ea&@e@t%Mchgﬁéiﬁe‘%ré@?ﬁeotoS PRAL | Pag o
Biiegte'n{‘gﬁlﬁﬁ}iwsa%%'eﬂéﬁfuﬁﬁs fgféa_h%iét}%@ﬂd%c{‘vﬁ%h 33@%%‘9‘5?%&5 e Bl la:ag‘g e
2°a sperBePrinind allsi pa 100, Shude P lCE i P dHeRe TAROS SRIYAEHR T 8
oo sons IR AN e s o ShERSREne B S Bl S

invention in a wde ran of, gt her ways. The inspection nethod of the:
present HRPEHPhSEY ‘?‘b‘sﬁﬁgﬁ? PRA{AY Pﬁﬁc@rfge?ﬂgﬁ(ﬂfﬂﬁ%ﬁ“‘?ﬁ"%?ﬁcuit substrat es,

but is also aﬁg,l i cabl e to the manufact gr i ng process of other products which
i nvol ve a pri ntign3dBshevesdhe screep lgmsed donprning tissubstiatef: héwn awga 200,
i nspectiirrllg.a printing state of material on a substrate conprising: printing
mat er i al Ingirates withuene-dotchain higecaorresponds inthei substratedui pgpcpmgﬁilan, and
corresponding to the screen pattern of lands 6c on the substrate 6 are created on the
screen 12. The test printing pattern opening 12d corresponding to the test printing
point 6d is provided at an area corresponding to the periphery of the substrate 6
outside the printing pattern area. The shape of the test printing pattern opening 12d
is typically round or rectangular, depending on the land shape in the printing pattern

of the target substrate.



i) a test portion, said test portion being provided in an area at a high
ri sk.of causing a defect of printed material, and said printing Qeﬁ]rﬁEé’ 2004
performed under a condition which has a high risk of causing a defect of
said material when printed on said test portion; and judging the printing
state of an entire printed material by.inspecting the printing state of
said material on said test portion. 2. The nmethod for inspecting a printing
state as defined in Claim1, wherein a substrate to be printed is a circuit
board. 3. The nethod for inspecting a printing state as defined in Caim 2,
wherein said nethod is for inspecting solder paste printed on said circuit
board. 4. A nethod fqr inspecting a printing state of material on a circuit
board conpri rslﬁfgs.lzﬁpgm‘? test Rostingpatisrapenng| 12k is smalles than thesize ofi ng a
mask having i) a required portiop, and ji) a test printing portion, said
test prthaspkler paintingpatiern do bedrinied opthe smakest land §c{myrinside the printingi ng a
defect of printed material and having a smaller printed pattern dinension
t han a patemm ama Hi.t oAb poeseahthe minimum size ofthe seldpoprinting pattegpect i ng a
printing state of said test printing portion; and judging the printing

st at e (pragiically used isiapproximatelyl0.4asmd dn thisrease) thesizesal theitest peintingn
wherein, said material is printed onto said test portion under a condition
whi ch rpattean 2dHs,rfios lexample,useit b abowtd.38 mmf SRiedsirmof theatlestvprémting i nt ed on-
said test portion. 5. The nethod for inspecting a circuit board as defined
i ndcl ai pattedn 128dangy be seducddapthetsizaofthe primingopattern shiinks furtledrect i on neans
and X ray.

Next, the configuration of the control system for the screen printing
apparatus is described with reference to Fig. 4. In Fig. 4, the CPU 30 is a control
unit which controls all other units described below. A recognition mark position
memory 31 stores the positions of the recognition marks 6a and 6b on the substrate 6,
openings 12A and 12B created on the screen 12, and the test printing portion. A
recognition parameter memory 33 stores data such as the size of the recognition
marks and test printing portion. A print position data memdry 32 stores the required

~position correction amount for correcting the position of the substrate 6 with respect
to the screen 12 during printing and the position deviation of the test printing portion
after printing. The required position correction amount and position deviation are
obtained by identifying the recognition marks 6a and 6n, openings 12A and 12B, and |
test printing portion; and calculating the deviation in the position between the
substrate 6 and screen 12.

The camera 20 captures images of the substrate 6 and screen 12, and the
image recognizing unit 34 processes the image data obtained by the camera 20
‘regarding the positions of the recognition marks 6a and 6b and openings 12A and
12B. At the same time, the shape of the solder paste printed on the test printing

| portion is detected. A judgement unit 36 judges the printing state of the entire

substrate based on the printing state of the test printing portion.



10 DEC 2004 12 6. The nethod for inspecting a circuit board as
Claim4, wherein said printing nmaterial is solder paste. 7. The‘ij {Fé@ fzwlf
i nspecting a circuit board as defined in Clainms 6 wherein said inspection
uses one of an optical detection nmeans and X ray. 8. The nethod for

I nspecting a circuit board as defined in Cairri 6, wherein said judgnment

of printing state is made based on one’ of " posi tional deviation,"

"unclear,"” and "blur" of said printing material printed on said circuit
board. 9. The nethod for inspecting a circuit board as defined in Claim?7,
wherein sai d j udgnment of pri nti ng state is made based on one of "positional
deviation," "unclear,"” and "blur" of said printing material printed on said
circuit boar dI'hajndg'Ehmrrmnhb% fiost readspeiett the position datatonithetest psintiagi ned in
Claim4, wherein said test printing portion is created at an area outside
sai d- reppmiroad;tmdtinmhe rdcdogritien neirk pdsition mesywey 3ilngnd redopmitién board as
defined in Claim6, wherein said test printing portion is created at an

area oupsradeetersifor themshapedndeize ofitheltest privetingepbnibnf storedninrthe recugnition r cui t
board as defined in Caim 4, further conprising the step of notifying

al(:j)g]? (ra(r:r![a [ %ﬁgmdwr i gggg?lii)g 13. T eﬂﬁg{ %n(i)!ig Bf6 g@%ﬁ%ﬁ n:gdgmgo?gg??t boar d
as defigeg chphﬂ@hﬁhéc of tid fe8f printing portion with the stored data for determining

the acceptability of the printed state. The judgement is made by the position deviation

of the test printing portion or printing state (the distribution of the printing area

detected by optical recognition).

Judgment is made in accordance with the evaluation cﬁteﬁa given in Fig. 5.

More specifically, the items to be inspected are “ positional deviations ” as shown in

Fig. 5A, which are deviations in the position of the printed solder from the

predetermined printing area “ a ” ; “unclear” shown in Fig. 5B, which shows

insufficient amount of printed solder paste “ s ” compared to the predetermined

amount (which is substituted by the printing area) in the predetermined printing area

“a”; and “blur” shown in Fig. 5C which shows excess amount of solder “ s
bulging out of the predetermined printing area “ a ”, as distinct from “unclear.” If
one of the above items is out of the acceptable criteria, the judgement unit 36
determines that there is some kind of abnormality in the printing state.

A screen printing apparatus in the preferred embodimént of the present
invention is configured as described above, and operation of the screen printing
apparatus is described below. |

After positioning the loaded substrate 6, solder is screen printed onto the
substrate 6. The camera 20 is then moved over the substrate 6, and an image of the

test printing patternt 6d is captured. “The image data are recognized by the image

recognition unit 34. Based on the recognition result, the image recognition unit 34



conprising the step of notifying abnormality by judging means when said
printing state is judged to be "defective". 14. The nethod for E@QEO rmm.
circuit board as defined in Claim4, further conprising the step ©

changing a printing condition based on said judgenment of a printing state.
15. The method for inspecting a circuit board as defined in O aim6,
further conprising the step of changin@ a printing condition based on said
judgenent of a printing state. 16. A substrate having a test printing
portion and a required printing portion on the substrate, said test
printing portion being disposed in an area at a high risk of causing a
defect in a condition which has a high risk of causing a defect and havi ng
a pri nt detests the printingestatemf thermolder pasteprintsdranithe tesp printing gbrtionsi This
formed on said required printing portion. 17. The substrate as defined in
d ai m 1@etestioneesultisjadged by the judgeneat unitidb. s uifthe fjidpentertainde36 paipee. 18.
The substrate as defined in Caim17, wherein said test printing portion is
formed dmtanymneigiithe nforetmntioned itansds woe aecepable; aflubhegmsidydathpast e is
pri nted. 10 DEC 2004 14 19. The substrate as defined in Claim17, wherein

s, e At Bt on ) g nd i
changed automatically or manually by the operator as required. If all items are
acceptable, the judgement unit 36 judges that screen printing has been properly
operated for the entire area on the inspected substrate.

The appropriateness of judging the printing state of the entire substrate based
on inspection results of the test printing portion provided on just a portion of the
substrate is based on the empirical knowledge of the inventors concerning solder
printing quality. In general, tﬁe printing of highly viscous paste such as solder paste
tends to cause a greater number of defects, such as “unclear” and “blur” as the size of
the printing pattern reduces. ~Accordingly, if correct printing of the minimum
printing pattern is conﬁrmcd, other printing patterns can be estimated to be
satisfactorily printed. In addition, the central part of the screen mask is more likely
to achieve a satisfactory printing state during screen printing, and the printing pattern
close to the edge of the screen mask tends to cause defective printing.

Accordingly, the test printing portion smaller than the smallest printing
pattern in the printing pattern area of the substrate is provided at a portion which is
equivalent to the pcriphery of the screen mask, such as the outer periphery area of the
substrate outside the printed pattern area. If this test printing portion is correctly
printed, it can be assumed that other printing portions on lands in the printing pattern
area are satisfactorily printed.

The preferred embodiment is based on the above empirical knowledge. In

other words, a simple inspection means of a camera for detecting the substrate
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However, the test printing pattern of the present invention is not limited to these

positions. For example, the test printing portion may be provided at an area where

no land onto which solder paste is printed is present inside the printing pattern area

100, or at the unprinted area near the edge but inside the printing pattern area. The

preferred embodiment also employs a camera for detecting the printing state. Itis

apparent that other instruments, such as a 3-D profilometer, may be used for

inspection. Some of other detection means include the well known detection means

using transmitted light or X-rays. These disclosed detection means may also be

used.

As described above, the present invention provides a test printing portion

smaller than the smallest printing pattern, and inspects the printing state by capturing

an image of the test printing portion with the detection means. The printing state of

the entire substrate is judged in accordance with the inspection results of the test

printing portioh. The test printing portiori is provided in an area at high risk of

showing defects, and printed under conditions creating a high risk of causing defects

(e.g. reduced printing size).
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Inspection of only the test printing portion on behalf of the printing state of
the entire substrate to be inspected, without inspecting all printed points enables to
secure necessary accuracy, and allow solder printing inspection using a simple and
inexpensive method. |

The above embodiment describes the case of screen printing. However, the
basic concept of the present invention, which is to provide a test point in an area most
likely to show a defect under conditions most likely to cause a defect, and to inspect |
the test point instead of inspecting all points, is applicable to printing methods other
than screen printing.  Other printing methods include intaglio printing, relief
printing, offsef printing, and transeription printing.

The present invention is also applicable to the application of adhesives or
solder to many points for fixing components to a substrate, typically using a
dispenser. One example is to apply test adhesive using a nozzle with a smaller
diameter than that of the dispenser nozzle. Ordinary skilled persons in the industry
may apply the basic concept of the present invention in a wide range of other ways.

The inspection method of the present invention is not limited to the
inspection of circuit substrates, but is also applicable to the manufacturing process of

other products which involve a printing process.
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1. A method for inspecting a printing state of material on a substrate
comprising:
printing material on to a substrate using a mask having i) a required portion, and
ii) a test portion, said test portion being provided in an area at a high risk of causing a
defect of printed material, and said printing being performed under a condition which
has a high risk of causing a defect of said material when printed on said test portion; and
judging the printing state of an entire printed material by inspecting the printing

state of said material on said test portion.

2. The method for inspecting a printing state as defined in Claim 1, wherein a

substrate to be printed is a circuit board.

3. The method for inspecting a printing state as defined in Claim 2, wherein

said method is for inspecting solder paste printed on said circuit board.

4, A method for inspecting a printing state of material on a circuit board
comprising: '

printing a printing material on a circuit board using a mask having 1) a required
portion, and ii) a test printing portion, said test printing portion being provided in an area
at a high risk of causing a defect of printed material and having a smaller printed pattern
dimension than a smallest pattern dimension in said required portion;

inspecting a printing state of said test printing portion; and

judging the printing state of an entire circuit board based on a result of said
inspection

wherein, said material is printed onto said test portion under a condition which

has a high risk of causing a defect of said material when printed on said test portion.

5. The method for inspecting a circuit board as defined in Claims 4, wherein

said inspection uses one of an optical detection means and X ray.
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7. The method for inspecting a circuit board as defined in Claims 6 wherein

said inspection uses one of an optical detection means and X ray.

8. The method for inspecting a circuit board as defined in Claim 6, wherein
said judgment of printing state is made based on one of “positional deviation,” “unclear,”

and “blur” of said printing material printed on said circuit board.

9. The method for inspecting a circuit board as defined in Claim 7, wherein
said judgment of printing state is made based on one of “positional deviation,” “unclear,”

and “blur” of said printing material printed on said circuit board.

10.  The method for inspecting a circuit board as defined in Claim 4, wherein

said test printing portion is created at an area outside said required portion.

11.  The method for inspecting a circuit board as defined in Claim 6, wherein

said test printing portion is created at an area outside said required portion.

12.  The method for inspecting a circuit board as defined in Claim 4, further
comprising the step of notifying abnormality by judging means when said printing state is

jildged to be “defective”.
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109 () - | @OCVG&I 3(.) F"Hlje/%hgh for i%specting a circuit board as defined in Claim 6, further
comprising the step of notifying abnormality by judging means when said printing state is

judged to be “defective”,

14.  The method for inspecting a circuit board as defined in Claim 4, further
comprising the step of changing a printing condition based on said judgement of a

printing state.

15.  The method for inspecting a circuit board as defined in Claim 6, further
comprising the step of changing a printing condition based on said judgement of a

printing state.

16. A substrate having a test printing portion and a required printing portion
on the substrate, said test printing portion being disposed in an area at a high risk of
causing a defect in a condition which has a high risk of causing a defect and having a
pfinted pattern dimension smaller than a smallest pattern dimension formed on said

required printing portion.

17. The substrate as defined in Claim 16, wherein a material printed on said

substrate is solder paste.

18.  The substrate as defined in Claim 17, wherein said test printing portion is

formed on an periphery outside an area where said required solder paste is printed.
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portion is printed on an unprinted space inside an area where said required solder

paste is printed.



