;bce3e']'Z"V6T=B1L 0 F E B 2003 NMETHOD FOR | NSPECTI NG PRI NTI NG Sﬁg{ é@ﬁ
SUBSTRATE BACKGROUND OF THE I NVENTION 1. Field of the Invention T g; 2003
invention relates to the field of nmethods for inspecting the printing state

of materials printed on substrates, and substrates to be printed 2.

Descriptio mmmm)r Art In the manufacturing process of circuit

substrat esr\\\\\m\\\“ referred to as " substrat es") on which electronic
conmponents are gt ed, the nounting state is inspected to secure the

reliability of each product. Normally, an appearance inspection is
i npl emented using a canmera for examning the soldering state of electronic

conponent s mmgn INSPECTENGERINTING S BIsEBSTRARES (ball
grid arrays) are o%(e)g{ontot e substrate usiS;gAbq‘l}?rp%sq#prow ed on the

bottom face of electronic conponents. The normal appearance inspection
met hod i nvol ves observing the upper face of the substrate, and thus is not
effective for inspecti ngBAECKOGROUND Ot THE PNVERTEON Pes of conponent s
because the sol dered portion is conceal ed by the electroni c conponent
itself after being nounted. Accordingly, the printing state of sol der paste
(hereafter referred to as "solder") on the substrate is inspected, instead
of the a i ction, to ensure reliability. In order to inprove
the reli g'gﬁglk?%@lplpﬁgﬁ:f%%pecti on itself, all printed points on the
substrate should ideally be inspected in the above inspection of the
printing 1 8 FEB 2003 2 state. However, inspection of all printed
points would r L Wl l. nove to
each target po?ﬁ? th%gﬁt @n%ggﬁagggla{ekg g?uwéetete]&m%fﬁ%@%%slﬁ%é%%t@? sual
recognitiagn. This rgeduces producti Vi d_lRpcreas L pnent , cost s,
S noe. anPOREPe St O fiaTatk pRRKGE O slrtrafi i ShERERES BBl "o Tie
| NVENTI ON The present invention ains to provide a nethod for inspecting the
sol der printing state at | ow cost while securing the necessary degree of
accuracy he ins e((#ti on, bet hod of the present invention is to inspect
mat eri al & FF‘FH@&’% @Cg}ré‘ﬁf rmned pattern on a substrate by detecting
the printed state with a detection neans. According to one aspect of the
present invention, there is provided a method for inspecting a printing
state of material on a substrate conpri.sing: printing material, on to a
substrat e usi nén thew@anuiRgiumng Pljocﬁssr%fcfd{q"é&%’tﬁt%(heéﬁ&aﬁm) referred fo as
portion, said test portion being provided in an area at a high risk of
causi ng asehstrates”) an yhich glactioniGeoaponaads arenngnieds the mauniing Hate itef ect ;
and judging the printing state of an entire printed material by inspecting
t he pri ninspgcteddpseaireshe aeliahilitypefraach productor dVemmally, ansappsatangspect of
the present invention, there is provided a nethod for inspecting a printing
st at e of imspeetionlis immplamented msing eaatheca fgrréxmigring thasoldgring prateof ng
material on a circuit board using a mask having i) a required portion, and
ii) a teslegroni¢ cogponerts amumed dn assbstpate nt ICEPp(ohip sizetprickaggs) andded in
an area at a high risk of causing a defect in a condition which has a high
ri sk of @GAisbaldgtidfaertyshart hended@nto treedubstrape usingdbumaps providtdemthieon
than a smallest pattern dinmension in said required portion; inspecting a
printing botwnefak ofaletticde compohems. pThe irmmma&afi?émdgwmspbaim imethowy
state of an entire circuit board based on a resu of said inspection.
involves observing the upper face of the substrate, and thus is not effective for

inspecting the mounting state of these types of components because the soldered
portion is concealed by the electronic component itself after being mounted.
Accordingly, the printing state of solder paste (hereafter rcfcrred to 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
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According to a third aspect of the present invention, there is
substrate having a test printing portion and a requi red printing ﬂ;ﬂfﬁﬁ@ﬂfi

the substrate, said test printing portion being disposed in an area at a
hi gh risk of causing a defect in a condition which has a high risk of
causing a defect and having a printed pattern dinension snmaller than a
smal | est pattern dinension fornmed on said required printing portion. In one

aspect ofgdihe kBCv@w?e‘? nlhsﬂe&vo%rﬁﬂ MNprirfedt Gotits Wolat ledMfrePP[oh Pthe BR¥ARY tﬁehﬁm@taat tern
di rension smaller than a mininmum printing pattern dinension of actual

pattern tWoukd negd; gt meve; 1§ ‘i??'b\‘ﬁrgf’édmﬁwﬂttﬁ gq}b@ldr@'@@ate/xhq erinting; state By visuple
test prinkidgditBRr t TR r’e&xc@@tp?(%@cﬂqt?y ahd1Gn AL &CEQuHIndTE 2BsEs, f QhiceCAP RN T he
printing state. Accord he inspection results of the test printing
portion, ‘P?P@Ctmﬂlaﬁﬁrﬁbs‘ﬁ @@qudhe entire substrate is judged. The test
printing portion is provi d%ﬂMﬁWb‘Wﬁﬁ@’lWEN'ig ofubstrate out of the
effective printing region, or a space region inside the effective printing
regi on. The detleqiresentdexeptionsaitbgo provide i mpthedeforinefectingethe sadder printirtg stage at
portion, e substrate is judged based on
the i nspeggggér%%élgtgj cﬁ'ﬁdgﬂﬂc %5%9%%7w&ﬁg&yrcgsent I nvention enables to

i nspect the prThet insggesdnamethad dfothe questntwinvéngios a¢ e iimpedt hpateriade parted ilegr ee
of accur ?ﬁé I TR RRANY. Fig. | is
a schemafilfr éc(desmame&)ﬁ%teﬁ(ﬁa%%&raé b§|&t§&l ﬁ Ahlch S%!t“%‘ |Ar_le|l:eaccor glér:ife with a
preferred embotiécosting toone igeqyobthe ptescmtlmmtnoortherliusgzro@dquu raetiddafior 'miswwhrgf t he
screen pr | M,

the. pr cschp il ARPE-Akiify oR yAREREA bl behife BLEHT HTE SIRRSTRAE £ e
with the xpaséfhevmed agedyirdd pertion, @hd tihe tegrpsteont saidwsmpﬂi@n beirg grov@Bl insanzarqal an

vi ew of t ' G ToleX & Led
enbodi rrent g‘iggﬂsmgf%ggé] Llragf\?gﬁp s“o‘gﬁa@"%%g‘ﬁﬁ‘ggg r' cfl J@mz%ﬁaus%@atl ng
the confijydgies thomnotﬁngestmmﬁ anodntigeypringadh rodteriah by ércsp@eng phelmmtmggst%tppmaad test i n
accordanﬁ% Lh the preferred enbodi ment of the present invention. Fig. 5A
|Ilustrates a test printing portion in screen printing in accordance with
the preferred 4&souliignern sepnd hpegirdghnpresamy enventiom, theiegis B&idad| uiethad éer t he
test printing.naqrti ' e i red
ermbod mer ropirA sl il SERAERR W iehlihofy AFPAKHEHERGN 4 Pl wRleBTht
portion iscigyitdeardysing@imagk ihmvim;a@rlgqu@é portion, and ii) a test prmtmg portion, said test

printing portion being provided 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 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.

According to a third aspect of the present invention, there is provided 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 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
of the substrate out of the effective printing region, or a space region inside the effective printing
region. The detector detects the printing state of the test printing portion, and the printing state of
the entire substrate is judged based on the inspection results. Accordingly, the present invention

enables to inspect the printing state at low cost while securing the necessary degree of accuracy.



with the preferred enbodi nent of the present invention. DESCRI PT! (@Iﬁgﬂ?ﬁﬂg
PREFERRED EMBODI MENT A preferred enbodi nent of the present inventi

descri bed next with reference to draw ngs. 18 F E B 2003 4 First, the
configuration of a screen printing apparatus is described with reference to
Figs. 1 and 2. In Fig. |, a substrate positioning unit 1 conprises a
transfer table consists of an X-axis tgble 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 S for holding the substrate 6 with a clanper 8. A
substrate 6 for printj i e o th trate positioning unit 1 by a
| oadi ng conveyor 14 é‘*ﬁﬁﬁf‘fmﬁ@ﬂ‘éf’l@ﬂﬁgm megssubstrate 6 is

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

di sposed over Kigel poaischematigsideiview of aiseresarprintingapparotusdnaciesdance f r ame
11 and screen 12. The substrate t;})ositi oning unit 1 positions the substrate
6 agai nswithraepreferedrembodiment\wighe presentinventingt.r ate 6 contacts the screen
12 fromthe bottom A squeegee unit 13 is disposed over the screen nmask 10
in the horizonFigl Rys aplapviesaoftliesciernprintingStpphratusas taecordancepwithehie on t he
screen 12 when the bottom face of the screen 12 contacts the substrate 5.
The squepéaredembddindrntddfthe psesereipeention.t he surface of the screen 12 for
printing solder on the surface of the substrate 6 through an opening 12A
(Fig. 2) on thBigs8Aeiera plan viewafarsabPate $n dccgrdance oy thelpefeereden mask 10.
As shown in Fig. 2, the canera 20 noves horizontally in the XY direction

accor di ngmbedinient $f akeé prés@bi mvedtigmnd Y-axis table 22. The canmera 20 takes
the i mages of a recognition nmark provided on the substrate as

i denti ficati onpig@nBsisaslahGew @Fta sefdeRimadk POthe! ABsagle iAhctORlafcdGithat e 6.
Details of the test printing portion are described |later. As shown in Fig.

2, T eCo0ttd jrRfrfE drfibddiaféif ofithe plkedt idventgtent i fication points on the

Substrate are disposed at diagonal positions. Openings 12A and 12B
correspondi ng 0S ity I ; ted
on the 1 B F B G R O e O 1

| ocat ed Ihﬁlgﬁ‘ﬁﬁ Ld ke 2l 1 : l'i ne.

I f the subs ¥ %"IE e |s§ g@%ﬁl‘gf“éﬁg c{::égprﬁ%%% Wﬁa{gg ?\gft%h?ﬁé:\ﬁél?:érhe@r?ﬁggfﬂl?he
recogniti and 6b are visually recogni zabl e through the openi ngs
12A and t’g%,eHgﬁlSé%@@%’rdi ngly their imges can be recorded by the canmera 20.

The position of..t bsirate IS t ect by checking th
recognition m%&%%ﬂ%@%ﬁﬁ@@%@%ﬁ?ﬁ@ﬁ lﬁﬁ%ﬂ?ﬁ’yw&ﬁ%%g%cloﬁa&?eof t he
substrate .negeded o un | ectroni c_conpoenents is then cal cul ated based on
t he resul"Ylg'l Q}gfe&eﬁp%ltnqcﬁge&égﬁﬁeowgs%ﬁ IYEUION. o cogni ti on marks 6a and
6b. Next, a scree K for printing.the test.printin ort.ion and patterns
on the subst r afaEo T Aluteaits Bedesprinting poruon if soes GRntaR i AGcoldandE chown
in Fig. 3A, the agea 'ns'dg, t he e wth . a predeterm ned w dth of

with the preferred embodiment of the present invention.

Fig. 5C illustrates the test printing portion in screen printing in accordance

with the preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention is described next with

reference to drawings.



the substrate 6 is a printing pattern area 100 in which sol der pas
nmounti ng el ectronic conponents is printed. Lands 6c with a rangeioaegigagooa

are formed inside the printing pattern area 100. Sol der paste is printed on
these | ands 6¢c by screen printing. Atest printing pattern 6d for

i nspecting the printing state is provided on the periphery outside the
printing pattern area 100 of the substfate 6. Fig. 3B shows the screen 12
used for printing the substrate 6. An area 200, indicated with a one-dot
chain line, corresponds to the substrate 6. Openings 12a corresponding to
the screen pattern of lands 6¢ on the substrate 6 are created on the screen
12. The test printing pattern opening 12d corresponding to the test

orinAing 2 Pl S CouRERA RN s AR LRASANNAT sl a\GR | PRTY
or ot "Ge AL BES i 2014 S b MR i S5 Qi dPPON 10,
E 200t aSld e SobP S BB AP e A BB e

|19 5% 6 g Bl S 2R Y 5o oS T T

o bR SambhS § daraopans el B B ks S a2

may be reduced_as the size qf the, prjnting, pattern shrinks, further. Next,
t he confq?ﬁ'ﬂpﬁi $onfofu s%t%ég@&mmtgfgstsgﬁﬁqﬂt%ttﬁis sybsteals pesitioninguRib dhyat us
is descriped,with reference tqQq Ei.g. 4. In Fig. 4, the CPU 30Q.is a control
uni t whixlpading eanveyer 14 shawn indig.2.deEhe pg@goaafém sybsteate g is adigstabler
position nenory 31 stores the positions of the recognition marks 6a and 6b
on the dupdrvingehe subsieate pgsitionmennit 128 Adtespritting, thensnbstrateehisi2, and t he
test printi n&(i)orti on. A recognition paraneter nenory 33 stores data such
as the sundeaddd byen ualenghing comvayar k8. and test printing portion. A print
position data nenory 32 stores the required position correction anmount for
correcting theApsosien maslol(ihdispodedtover ¢hspoditioningspeti. t Thelseresnmeask 12
during printing and the position deviation of the test printing portion
after priOcomgprisdde fraaaeili addpoenil@n dirersabsirate positioning nditdopsditiens
deviation are obtained by identifying the recognition marks 6a and 6n,
openi ngsthkdtibstste Hazainstthé esteenRrif iangaytifat tesubatrdtect bontaetsithe s¢een
deviation in the position between the substrate 6 and screen 12. The canera

20 capt ul2Sromeieebot@dmt e sgilsigeeRitd 368 disposed Bvdrthe 36£tenfaskE@ i the
recogni zing unit 34 processes the inmage data obtained by the canera 20

regar di nHotiBentRRS rédipfcaidblé RRhickc 0BuldépastPisksappHed B thO s@raen AR&wtiengs 12A
and 12B. At the sane tine, the shape of the sol der paste printed on the

test prifHe HsidREhELHS he LdenCtBebntdets HEOAIRThtels t TRE s 8 unfter3pri nting

state of the entire substrate based on the printing state the test

ate . . g state & t
Phe post DTass 4 &fleeged off the gufaccbh e Hofch 19HRTDTNE SoId? o e sulteacet O

mar kK posj I %gf(?'é' t he shape and size
of the tgiséta{)brslﬁﬁg@}ghgég{lﬁg%pscﬁ% e |Kp{éhgiéfg2§%§%r ?Iggﬁ'par aneter menory 33.
Next, the judgegnent id .3 t C L Ehon .l oy ured

i mge of the t fatﬂ?ﬁ%%q ’r?goﬁlfﬁé&glﬂ%rc{gmhte%%ﬁegl Igl? %% gg détsgsﬁgg}rn @e['t‘lg'r ?ﬁqﬁlé ng the
acceptabilit the printe t.ate. .'&ge nt 4.s e?‘f & ition
dovi at | ofaB¥T? 2@ “%%Vﬁq’&ﬂzﬁf‘?ar‘@ lﬂéﬁ? ?@EH% o ﬁ?‘i%‘“&ttgﬁgc 'ﬁ’é“z?%l?%ﬁbut i on
of the printdng.ar t ed b j cal .recogniti.on). Judgnment.is nmade in
accor dan@ggw ?%‘%tﬁgl%eiﬁl ﬁﬁl? Bmﬁﬁ%‘aﬁﬁs b‘wgﬁfoéeﬁ oﬁiad)_ecqgmﬁapénngeci fically,
the itens to, be inspected are,” i t.ional deviations " as shown in Fig.
5A, whi cPrayided onithe ﬁbhﬁrqtﬁa@r@nﬁgiﬁm%%ks and the: tepk printing RRIONGhOR he
predetermned printing area " a " ; "unclear" shown in Fig. 5B, which shows
i nsuf fi citeesubstisimb. oDeteilnefdiedest paintigpastion gre dessrped ddicko t he
predeterm ned anount (which is substituted by the printing area) in the
predet erm ned pAs shawm imFig 2; recognitiosdmarks fia ancholyrvhich pirg idegtifigatiem shows
excess anount of solder " s " bulging out of the predeternined printing
area " a poinsondths sithstrate fpare’ dispdsedrat didgonshposifionhe @peniags 1@Asands out of
the acceptable criteria, the judgenent unit 36 determines that there is
some ki nd 2B cefraspomding j0 positiores @i thatrecugnitien marks 6z amdAbpare nteategl erpidar at us
in the preferred enbodi nent of the present invention is configured as
descri bed above, and operation of the screen printing apparatus is

descri bed bel ow. After positioning the |oaded substrate 6, solder is screen
printed onto the substrate 6. The camera 20 is then noved over the

. o

o o Y M b . a T Y 1 ——



1 8 FEB 2003 detects the printing state of the sol der paste pii tﬁmﬂ%
the test printing portion. This detection result is judged by th $1

unit 36. If the judgenent unit 36 judges that any one of the aforenentioned
itens is not acceptable, an abnormality in the printing state is announced
outside. Based on this notice, printing conditions are changed
automatically or manually by the operator as required. If all itens are
acceptabl e, the judgenent 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 S . i &&@9 i
invento?g&ggﬁgérgﬁﬁgég%ﬁgg?ep n?yﬁéaggg???EkﬁFﬁﬂ%gﬁ£?§§gggg%qgf?ﬂfing of

hi ghly vyj : lhdear a, gr I nunber
of “def e I R RRShE Fif s BoR 15R1  PER SRR B AR ShALERE! g
pattern r Ace i.ngl if.co te printi ng of the mnimu rinting
Pt t or n AEBMSER soRECT o BE complichiahi GobhieLon A Bl refoRoftaBle .
satisfagtorihy,printed, addidhon, . th endral.part of the screen,mask is
orel Ewg(ﬁ;&fgenmgj A%ﬂﬁ%%ﬂ\lﬁcgﬁfﬁv%ﬁﬁsvmgaﬁ Ffmﬁegmﬁﬁ& e
printing, an pr i ng..pa n S Q Lhe e ,SCreen nas
Pends. ¢ dhe Sagieraid o TRt pOSHRRETAS shsbafb fufujs ttedby cBcRRRTEE vor ¢ on
smal | er than .the snpll est i nti,ng pattern in th rinti.n tern area of
t he subdeFegmtipr “Eﬂgg%pﬁéad%l aLIB’Grqo?GﬁE‘RB agpund OEHEF? 9‘&?1998 o&iﬁg FUDSYEAG pher y
of the screen nmask, such as the outer, periphery area qf the suhstrate

out si de Bas€eqto mauat sﬁptrem Gomaponens isghen ¢ §vl¥apﬁ<f baser potberegts of

correctly printed, it  can be assuned . that other printing portions on | ands
in the lategtingthepositions Hfdhesgirecogmtion marks 62 gndbbnt ed. The preferred
enbodi nrent is based on the above enpirical know edge, In other words, a

si mpl e i nspectNew, asereendnask fon penting the st paniing peritonsand patieras onthe DES
~00~ 9 position and inage processing function in the screen printing

appar at utibstrateus iscdeisoribedh spihicrefergnesotioddgs.p¥A nnid3B.on the test printing
portion on the periphery of the screen mask. This nmakes it possible to

i nspect sol der Apshownniy Fig.t3A dhpamarinside theedge witha predetexmjined whdtht of
requiring an expensive and specially desi gned hi gh-perfornmance i nspection
appar at uthe substrite\Gois lachrrtiey pattesn hrear Milinrvehichsolderyastet fon gnéumting i nti ng
state of the entire substrate. The above enbodi nent descri bes an exanpl e of
provi di ngletienicedinpneits is privedd. erltands Gcheitly utran%@ef sipbeaie formeddnsidest rat e
outside the printing pattern area 100. However, the test printing pattern
of the piiResfintingyRitrh afca F0010tSdlden pate isPprides onRhsetlafds 6¢c b9iscreanml e,

the test printing portion may be provided at an area where no | and onto

whi ch sopfigfinpas AaesSprpiti tdrf 6A'foF Ridpedtity G Priftind $tafe 8 Pprovide@ion area
100, or gt turllg unpr&imfg edh%gg near the ggggﬁgnut [ls nsiu%:e t he1 g)rrl nting pattern

ar ea. Thﬁxe%@r{e(ﬂielbteeuﬁ{mﬂhmmg@aeﬁf%@m%fq&@?ﬁ@stmé gdetecting the

printing stat I's appa t other instrunments, such as a 3-D

profiloneter, FFQ’ 3PS the QcrdeASIRE e $0r Pﬁﬂ(ﬁt‘?g Ae ﬁfﬁﬁra(tjéiﬁ.lt g%{ﬂ ﬁgr@a ;'%@r@g; <

i ncl ude the we Known detection neans ustng ansmitte

These di ﬁfdi&ﬁ?&l Wt gghg_giegg Hgﬁpgi&@%oﬁésﬁﬂnag td"ﬁ}%qsub'gﬁa@f@g;bpﬁgiggpﬁgﬁ’ the

present invention provi rinting portion sna

| | est Lnti t i i Nid t i
o B 48 iR BRBnhd ShABS ke cRgBR R 10 o
t at f th ti bstrate is, judged i d i, L t i ti
Tesul ts SPRERG TP ORI ERAETb ARG 128 EPrisopriaing Dot FSHPASEEE L e
cr eat i ng PAITHAGHS PRavided abam areagonereunding B Ui vertphe b HETIUsYoE 0e) 1 0
F E B 2003 .Inspection of only the _test printing pqortion on behalf é t he
pri nt i ng O8tsde therpriming-patiera a&i‘bsﬁfh&tiaf’%(’gi}lq t§ShRERERE P%tﬁfﬁdlﬁe“il%ﬁ dting
all printed points enables to secure npecessary accuracy, and allow sol der
pri nt i ngis trpeallyi round or sectangylap depending ﬁeihﬁefagnd\ﬁéxapem&im pripang, patjem

enbodi nent describes the case of screen printing. However, the
of the target substrate.




basi ¢ concept of the present invention, which is to provide a tegt ppﬁ;ﬁna
an area nost likely to show a defect under conditions nost Iikelj Bo

a defect, and to inspect the test point instead of inspecting all points,
is applicable to printing nethods other than screen printing. O her
printing nethods include intaglio printing, relief printing, offset
printing, and transcription printing. gThe present invention is al so
applicable to the application of adhesives or solder to nany points for
fixing conponents to a substrate, typically using a dispenser. One exanple
Is to apply test adhesive using a nozzle with a smaller dianeter than that
of the dispenser nozzle. Odinary skilled persons in the industry may apply

the basic co . e ' tion:i ' ways.
The i nopect | orienrgf i tebf BriEfihe pRMER GRS 13418 S8aTIE M, Be HR0BE.
I nspect,{ Lot : ' | | { caple.to . the . .
manar acreepls: BBt pBEREH B Bhmt e bk fndifestiin 6ECuTinefn 8F printinecss.
1 8F EDB 2003 CL | . net.hod for i ect i a. printing state of
mat er | dYANSHR Arca Mk - A bpessrph 1o AR iz B e ol il Patto B oo v ot o
usi ng a mask .havi 1) _a _requi.r ortion..and ii) a test, portion,. said
st CpareraralBates] Ts bafuiaatiyThe Bih, I hil frss, e See GF AT pebtngicr ec
in a condjti whi ch has hi ri sk causi a.defect: and j.udgi ng the
bt nt | ptaBA8dge 1an example. S5F Hndoaht QiR PR | Bfle Sicerithe kst PRBtIBEY nt g
state of said_.test portion., 2. The thod for inspectin printing state
s ot | PRUFTR 288 & redpgsideis; the swggfttpspgnpagu@nﬁm  Tther; rcui t
board. 3. The_ net hod énoif’ i nspect ] Hg a printing state as defined in Caim 2,
wher ei n sai d Nexhke centiguratiga ffthe rentse) system fex theserasnaanmimegsai d circui't
board. 4. A nmethod for in;sﬁecti ng a printing state of material on a circuit
board capparatsaydessribediwiih seterenqetadiget.or ImFig 4, theeCPHLIA isgoeontralsi ng a
mask having i) a reg]‘l;i red portion, and ii) a test printing portion, said
test prunit whiclpcontrols ableothgr pnys dasanbied betowir e\ sgcognitiqphmarkspositiorausi ng a
defect in a condition which has a high risk of causing a defect and having
a smal | memoryrXlestoreatthe positioms ofithe racognitionsomatkseta aphéh en nhalsubstrate, i n
said required portion;

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 memory 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.



I nspecting a printing state of said test printing portion; and judging the
printing state of an entire circuit board based on a result of QaBEiL-EgB 2003
i nspection. 5. The method for inspecting a circuit board as defined in
Clainms 4, wherein said inspection uses one of an optical detection neans
and X ray. ~ 8 F EB 2003 12 6. The nethod for inspecting a circuit board
as defined in aim4, wherein said printing material is solder paste. 7.
The nethod for inspecting a circuit board as defined in Clains 6 wherein

sai d inspection uses one of an optical detection neans and X ray. 8. The
met hod for inspecting a circuit board as defined in Caim6, wherein said
judgnent of printing state is nade based on one of "positional deviation,"
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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 criteria given in Fig. 5.
More specifically, the items to be inspected are “ positional deviations ” as shown in
Fig. SA, 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 embodiment 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 neans |
printing state is judged to be "defective". 18 F E ~ 2003 1%% ﬁEé 2003
met hod for inspecting a circuit board as defined in Caim6, further
conprising the step of notifying abnormality by judging means when said
printing state is judged to be "defective". 14. The nmethod for inspecting a
circuit board as defined in Claim4, further conprising the step of

changing a printing condition based on said judgenent of a printing state.
15. The method for inspecting a circuit board as defined in O aim6,

further conprising the step of changing a printing condition based on said
judgenent of a printing state. 16. A substrate having a test printing

portion d reaui.red. nrintin ortion an the substrate, said test_ .
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The substrate as defined in Caim17, wherein said test printing portion is
formed GRDHASSEAE pampunced oytsids, JBeasedgrothds patice, printingepnditionsrarpast e i s
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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, the 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 confirmed, 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 periphery 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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state of the entire substrate.

The above embodiment describes an example 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 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 portion. The test printing portion 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, offset printing, and transcription 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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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 in a condition which has a high risk of causing a defect; and
judging the printing state of an entire printed material by inspecting the printing

state of 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 i) 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 in a condition which has a high risk of causing a defect
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.

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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said printing material is solder paste.

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

&L "

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

9% 4%

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

judged to be “defective”.



10m 10m 4s10%m& ()-1 y210%m& ()-@ 10%m& ()-F -Z10%m& () - RReS™ s3s@rdrBe2003
1941 :109%& ()- s10%&' ()-1 ~109%& ()- 109 ()-|I
»109& () -syl09%&' () - 8TTT#U~UUVAENDC 1% &10%& ()-y: 109& ()-!10%& () -1
@109 ()-:109& ()-s!10%& ()-V_VWI WNWWME:/ 10 10*s10%& ()-)!109& () -
109 () -&$ 109 () - "&10%& ()-Y 10%& ()3WWWAKy XXXxY:/ 10 10%r& ()-F
s10%& ()-!10%r& () -

13.  The method for inspecting 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
printed 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 msxde an area where said required solder

paste is printed.



