1 7 MAY 2006 MULTI - GAUGE STRI P AND METHOD FOR LEVELI NG THE SAMVE BACKGROUND
.OF THE INVENTION 1. Field of the Invention: The present invention relfat 8aY £085
a multi-gauge strip and a nmethod for testing the sane, said nmulti-gauge
strip being one which varies stepwise in thickness in its w dthw se
direction. It i MUKHGGAYGE 0FTRIR: |PYDt MBTHQD FORt BEVEICHNG THECEMME r anes (f or
power transistors), termnals, connectors, relay contacts, etc. Mire
particularly, the present invention relates to a nultl-gauge strip and a

method for leveling the s&REKCRAVND 4] FHEGENFATION p being one which has a
smal | anmpbunt of strain and is suitable for use as electronic parts. 2.

Descrlptlon%Hg t he Related Art: A multi-gauge strip is formed such that its
cross Secftot wir itB8 IR¥FRHi%%%ness in its wdthwi se direction, with the
Cross section belng unlforn1y contlnuous in the |engthw se dlrection As

shown in FI%Ee eﬁ{ 1hvePﬁlgs t%r “D thl%k §gn%$t3tr t%nﬁrgsﬁeéF%#LO”-

There are sever&fKrown e For product ng “sai duge” StTip
i ncl udéorf geseikagptiee sawe pr ozed | Myl riolgleiiog éﬂapanésengPam@nwhighcWamm§$ No.

42150/ I g;(J n t.ent e and
S60y01 TaRkied TR iney B0 sh JERT ARG TR L kBl Ba o0 NS w R 1%977)

f or gi ngleghpRiis e FRATENt suah d- openledb. 5262/ 19875, RANPTCuttEiPRGLs o a

uni f or eyt RA £K Sthdectti@l, I rLhQi CoorkleReRds ot prashict b&l:ﬁi/cﬂf}&l?l)a'tiﬂey
requi red. These net hods, except for cu E%gn LEestabl:sh the, fin
r%%

rruu.-@éaa%nfcragge%@m oﬁewesma%t?c JonS P RRRY - GadtiFiofr i 9% s
worked1b©é13n¢xmﬁﬁ ﬁam@nsssﬁarmurminaug%obtﬁyprukﬂﬁ@nmam wﬁubﬁtha$talﬁmdnﬂﬂ3hed
into a _pres forn1 ¥ . ng ng %p |V|ded |n%p t wo arts in the

wi dt hwi®§&yd rectléﬁlnlﬁn Hj g ARt g Pr 338s3° FHFETEGREC HF i part of the
mul ti-gauge stripis slit from0.5to 2.0 nn1by wi dth. Then, it is given

ni ckel ,pl atiyag §ﬂﬁ;cﬂpb§ $pot éﬁéﬁ”dngrtlt is cut in length (200 300 Mm . It

undergoes bond Ing, wre bon i ng, resin nmolding for transistors to be
nount ed. The process is conpleted by solder plating and tie bar cutting.

Mul ti - gauge aStizh PS- éﬁ&béﬁgﬁ%Hbler@gfﬁéﬁiéﬁthpkﬁ§£'theéﬁﬁégﬂéé%@10n1¥§&fﬂH' re
prOceSinC%giéﬁgég;ﬁlg(ﬁés w1dtgw1se éfggéilgkétwféﬁléke]bégss gégtggn being
uniformly continuocus in the lengthwise direction. As shown in Figs. 1
and 2, it has one or two thick parts in its cross section.

There are several known methods for producing said multi-gauge
strip. They include, for example, reciprocating rolling (Japanese
Patent Laid-open No. 42150/1984), tandem relling (Japanese Patent
Laid-open Nos. 60010/1985 and 299701/1989), V-mill molding (Japanese
Patent Laid-open No. 10849/1977), forging (Japanese Patent Laid-open
No. 54462/1987), and cutting from a uniformly thick strip. Their
choice depends on productivity and quality required. These methods,
except for cutting, establish the, £final multi-gauge cross section by
plastic deformation.

A multi-gauge strip 1is worked for a power transistor in the
following manner. First, it 1is punched into a prescribed form by
stamping and divided into two parts in the widthwise direction. In the
stamping process, the edge of thin part of the multi-gauge strip 1is
slit from 0.5 to 2.0 mm by width. Then, it is given nickel plating and
gold spot plating. It i1s cut in length (200-300 mm}. It undergoes
bonding, wire bonding, and resin molding for transistors to be
mounted. The process 1is completed by solder plating and tie bar
cutting.

Multi-gauge strips are usually produced by plastic deformation.

The entire process consists of rough shaping from a flat strip,
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annealing, and finish rolling. Therefore, the resulting nmulti-gauge strip
varies in reduction in thickness and structure fromthick parts to thin
parts and hence it also varies in the distribution of residual stres5EMA 8l
thick parts to thin parts. Residual stress due to rough shaping is renoved
al nrost conpl etely by ensuing annealin However, another stress occurs

duri ng FINGASAY ol PRAG TRALER BPLRERI abBltreiERpr 64§ off T tHRPC RHdS4 -gauge

expanSImlpnvwadé&l uanﬂecgidtﬂ@ﬁt i @nthickdeergkAd @Qﬂl\(?ﬂiﬂ@rﬂommh&bkgpélﬂ\ﬁs
strips produced in the above-nent i nvol ve.the

o bl e AT PLbEL S BPREE MaVIHY CRAiBB i B SRPEEFPBRAY G eatyal
stress sressulfjrent thocldep@rmtttmnth(rsmdfrtass dlegridationtreont deet tonroganber ,
Cross d.tw g i f iC nto
ol otr opiROT b1 :pkloEh HELEO SHATRAG A SIS LBl anG, DRbhePed
occurs @@tbﬁéveﬁtr@tsr e§§CP§S r eqhil—”ém@d dhAish r expd 1dingt r vhiueh orbidigagesbout

Excessiprdel 05BN ch akn QGCUr Sxgitid NG WOR K REHGAUS 8R4t he dRYakli pHauge
strip to clog t he di e, thereby reduci ng the punchlng speed or meking the

press X@GkPng difficult. In addition, deformation in the nulti-gauge strip
decreases t %ndbﬁﬁﬂ@ﬁﬁn&humle—@ia&b@n s@frlfJiTIEpﬁ(ﬁaﬁfﬂEﬂj pf Odh&tabd:ﬂf@-‘!f%ﬂl:YOned

di stribut %d resid Hlessf ravat es teb|r1 p%algcal it Y, | eads gnd t he
preci si'iTO8F | ERP 3S| %ns UUE -89 c it em(?l’os owJ? ?’W s?trléjts e t he
mul ti - gawgiegsate)y | difabiiutatied dsritioal eatrésanmese sTbésetr esulde fiormdt 5¢l aced
wi re bondi ng .and e ea ng int ransi st ntin tep
I n addi {qucﬂ as #églo&/alecggbé gcﬁ?ilgqgﬁg%/%rﬁl y%}ﬁ)%ecrgd fr‘o§ g?‘%’se% ?" %l(c:u I es
in nourptqrnggﬂsﬂagm’édg tareghstet kg ofom rflabmwncan cunto b@éedtrq”m parts

mul ti-gaggs 85T iPsq %Ja%esuaﬁaeeéﬁnlq{aggr' b’f'ﬂféj c{eq%rﬂaehoﬁtséé&sp%euﬂ@@éfn
probl ens as nentioned,  above. OF THE | NVENTI ON

pr esentSGLe¥Ent it6n was vl e%’é‘a |ﬁt’€ﬁ%er dclétéél‘él?’é%%nth@a%@ve r%ﬁ?%h‘éﬁj
pr obl er&efomu@loﬂ ttnas; @@cebb eglr iy %Qk@ﬁ@sﬁﬁsesl @Vl@nhh!?ﬂl-t@@feo\éltg@p ato

mul ti-g e i tho for testin Thi s ect s achieved by
ot odUc S5 T £0 gatie But 1 HEY M o o B Re B PP Shot U Gt FAPNOTesS
exam nivgkinhgf dnffesmmal Irst 4 idhst r:uelﬁurmalfwnurndertma" esdrtiibgdugendttimns,

car i N QULS5L AR D0 hL IO GRURL D0, IS QLIRLE ge ] SHBLeCti ng T to

adequate Tevelin rain he "fi rs "the present
i nvention i sUr@vnn[Lyl d gatugieoustedi pfeswiluml &S oresss aSGCﬁV@tES/\,hUIEh drapleneloty nore

thin palds.and Lok ChdPPrksis{Of MBE RGLOSSs [ {fHnd A BY EQhld N9 WsENLSR1 d

Cross section
twist, etc. when the multi-gauge strip is fabricated into lead frames.

These result 1in displaced wire bonding and uneven lead bond strength
in the transistor mounting step. In addition, twisted leads and
unevenly spaced leads present difficulties in mounting finished
transistors on a printed circuit board. Thus, multi-gauge strips with
unevenly distributed residual stress pose many problems as mentioned
above.

OBJECT AND SUMMARY OQF THE INVENTION

The present invention was completed in order to address the
above-mentioned problems. Thus, it is an object of the present
invention to provide a multi-gauge strip and a method for testing it.
This object is achieved by producing a multi-gauge strip having only a
small amount of strain, examining it for residual stress distribution
under prescribed conditions, carrying out stamping without causing
deformation, and subjecting it to adequate leveling for strain
reducticn.

The first aspect of the present invention is a multi-gauge strip
with a cross section which has one or more thin parts and thick parts

formed across its width by rolling, with said cross section
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2 1 7 MAY 2006 being uniformy continuous in the | engthw se direction, which
is characterized in that the thin part has a hardness of H and thel # MAtKR0S
part has a hardness of H2, with the ratio of H/H2 being from0.9 to 1.15.
The mul ti-gauge strip formed as nmentioned above has a very small difference
in resikgdap stridesmpEt VRt inNeushiin paht aAmdigthwike palitrectighi s whéshdui

Stress QGeHESe POLAUSE thet 080 66 i0f pWRE ki AndriR8ss SEF UPL Wi YakYrhiam the
thin part to the thick part during rol The nul ti-gauge Strlé) ermts

ling.).
one t o §akdg8adnat RRFARAsSh At iffrerital tg?ré%%r“i LAY EenPP 18 sEFPBUl et T it .
That isg,.16he H/H2 ratio indicates the distribution of residual stress. The
second aspe of e present invention is a multi-ggauge strip _defined.in
The 111 ot agpsorul HePhin HrsPh FRkAah A< rinfopind "k s BraSEenpor o
t he w diiff fanen¢dein hres piudls stiressobeedeat bbé htkilgepart anddt heick ossrt.
section.S uni.f u t t l.ti-ga ri i Ut in gt
| engt hv&ﬂgzsdique g%??%% ?F%&?oo ti nelgs]&l:dtﬂséevw %%h;{%gqr%;ei chf ‘!pq)%rsh’cltq}gona[s}l,c{ oif]hee at
t he cerfit@nchRrr¢ hea il diyPm g€ dddh RELEhECbbpdErck prasfecining Rl Aipast and

the thigk panti-gaggoOnsceashpatinidie sdgecdf judde LRitmdardrt gobeigtétnalt he
di nensional variation between the two points (symetrical wth respect to
the cermErSdf theUit RFLY ndt Pt iRUiEds it adk: i Shefal +2r thEn B8 nhR%O t he
end whem@liedtés ntheSsakt siblthieny alfuee spReilf sedegbove pernmits one to judge

whet her or t residual stress s adequat el i.stri.buted.. Resi dual stress
T o aBnabatnd sl B The S Pyer iRy aBeh B B Lo Eae
strips defhinett haveheond st aleppat! wnek<ino thhi hhpek tsamon ibotflorsedesniherteof .

Thus, pud t her. ,or h LV [ f].- Strip.i itable
fort utRe tficpt 0 MELhGcIlallnb Endh VER 4] e SRBLE Bobd <deld,
mul ti - gadgdhst rpss deddtied ild vhefeik stuclispdet, wiker Bie mpd- itgiagke paktie ar e

formed ; SymRethi €8k | Yenglirkis@ BALO-PR opMRd 8tcifes cant &iqgh) the Wil h,
and thin parts are forned at both edges outside the thick parts, and the
cross FOSLLEANTs WA FBY nFRUCFERIRR Sthehe e dily t PR§aGgensar| |§hPsb€H’ﬂdalﬂh its

| engt hWes@edhr gi6d i i baZtt @nd thaesnidis peird] hindtodd i chpesi thensdgoner at
the center of the ‘Q‘ th,beon§i acr% at tlhenout en bound?rﬁ Bet ween thee t‘pi n
part andSt HEEhiPEK PpaPt Pearfd ione "BEcABE N HP 2 le dGE 16F * PRe PERT#F Dar e t B'be
slit, tdeendsnengimoaatiosdr ivdtthonrebebveeno the twotgoi of stfisywi@th) cal wid h
reSpe(:t<.*l~|uttC) s&p§%’geeqtsersm§§lé}.hech\gndbm5 rlmp atth%hguénéuﬁge%%ech§tfr@lslt%rrtghan 0.15
mm at the éend ere cuttl ng

The value specified above permits one tc judge whether or not
residual stress is adequately distributed. Residual stress tends to
accumulate at a specific pesition in the case of multi-gauge strips
which have one thick part and two thin parts on both sides thereof.
Thus, one can judge whether or not the given multi-gauge strip is
suitable for further fabrication.

The third aspect of the present invention is a multi-gauge strip
defined in the first aspect, wherein two thick parts are formed
symmetrically, with a thin part formed at the center of the width, and
thin parts are formed at both edges outside the thick parts, and the
cross section is uniform such that when the multi-gauge strip is cut
in its lengthwise direction (1.2 to 5 times its width) at five
positions, one at the center of the width, one each at the outer
boundary between the thin part and the thick part, and one each at the
edge of the thin part to be slit, the dimensional variation between
the two points (symmetrical with respect to the center of the width)
in the cut surface is smaller than 0.15 mm at the end where cutting
starts,

The value specified above permits one to judge whether or not

residual stress is adequately distributed. Residual stress tends to
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starts. The val ue specified above permts one to judge whether or

residual stress is adequately distributed. Residual stress tends to '87 MAY 2006
MAY 2006 accunul ate at a specific position in the case of nulti-gauge strips
whi ch have two thick parts formed symmetrically, with one thin part between
‘them Hugsmubaee cah pudgechhet heesigriomotint Hdegicase mi tiulgdugeugst FEpins

sui tabl,g,f.qr h\é/%kltag chRekf QUrtD 2SPRES Sfmdld1® 1RRESENt wi Y eBhd OPn{S Bart
mul ti-gauge strip defined in the fjirst_ aspect, wher ej n the thick part is

f or med RstFgent thethe THdEr ePRB Cthel YIS Hh%ﬁlbe’% 1R ORiEN thar 5Velt &ULSE ABaues

both edgesp ianshida®ier @68 w@aGdingn i s uni form such that when the nulti-gauge
strip is ¢ |tsle thvm e _direction ts wdth) at five
051 Li ona, oE BPUERR SHCE oo “EheNROR, LOHEEdon Ly, ot Ral TRy PR ween
t he thidefjart andthdefirtrtclaspart, wemneskedme téachhatk tpertedge fm‘rmetihenquiant part

to be gl .cq h'@@ragﬁ' Enof 1 t’ﬁ% 3 gfhwh aftl LU e RANL Sy ES? edhan 4

to the base horizontal "|ine a e en cuttlng starts.
speci fiad absverpes n$<t<st3(§>ﬁ1e itso umégémvwmmetﬁla@r when thesialibl- ggvgesstrlsp

adequat g you@i Shri but ethgdiRgisdual rsLE RS 118RdSoL 8 +ARCHMUALE Rh)aa8PEHd | C
position in the case of nulti-gauge strips , which have one thi ck part and

two t hiRPSFEEPRS onOdt At sFRsCeheitedtt thehysldthy jcaepseshpré tHenPRPATSRY
Cross hawweb She @lich q:aarftaehnunth@ethmmq;la@ﬂ;l 0an®f o ﬂi@lléacrgaattg&hat elps.ofThe

fifth ect .of th resent |nven on| str deflne jn the
first :tz%ectthmv\ﬁ@rrg BT 3663 tHi'dK g i@ foguﬁélﬁlg taF]i’ Jaflthi n
part f gramed iat stmhéleentean of” tte uzhedtbra,seahdrltdmtralpdrm alte t1her B‘Bd ahereot h
edges oytsi; ﬁg the thick parts, and the cross section is uniformsuch that

[

when the mi -gauge strip is cut inits lengthwise direction (1.2 to 5
tinmes its wildeh)vadiuef japecifosilt abp¥gse bawnits tore cent anded vhethdrdtdr one

each atrés'l%uQ!k't %EreQQU@Qara)deQ%M@ﬂn &0 iR eRar TRe%BQu:H'e:-;"cf'é&i< paids and
one each a edge of the'thinpart to be slit, the an of inclination

of the Et‘ﬁ&"cumullﬁF‘?l phr @ iSPesHhl ¢ ePC’?H%ﬂr?M in otbt%ecao‘sé’s@%d?‘i‘l tgélug?l RECHRS t he

end whafiehCulvengnst ahti sk pher vahalerspeen fd eshalove pRIUH tss dere therkydge
whet her__or naqt reS|duab stress. i.s ade uatell¥ di stributed. Resjdual stress
tends tB"SacdlimiPaP8SatPie st HiiGEstPdh Yo n neicdse 3BF FafPPE ghligkhe

strips pmhivehib@vef tmad ti hgekgpattrspsormed symmetrically, with a thin part

The fifth aspect of the present invention is a multi-gauge strip
defined in the first aspect, wherein twe thick parts are formed
symmetrically, with a thin part formed at the center of the width, and
thin parts are formed at both edges outside the thick parts, and the
cross section is uniform such that when the multi-gauge strip is cut
in its lengthwise direction (1.2 to 5 times its width) at five
positions, one at the center of the width, one each at the outer
boundary between the thin part and the thick part, and one each at the
edge of the thin part to be slit, the angle of inclination of the cut
thin part 1s smaller than 4° to the base horizontal line at the end
where cutting starts.

The value specified above permits one to judge whether or not
residual stress 1s adequately distributed. Residual stress tends to
accumulate at a specific position in the case of multi-gauge strips
which have two thick parts formed symmetrically, with a thin part
between them, and two thin parts on both sides thereof. Thus, it is
possible to minimize cross bow, twist, and camber in the production of
multi-gauge strips.

Also described herein is a multi-gauge strip with a cross section
which has one or more thin parts and thick parts formed by rolling

across 1ts width, with said



between them and two thin parts on both sides thereof. Thus, it is
.possible to mnimze cross bow, twi st, and canber in the production Tof MAY 1005
mul ti-gauge strips. Al so described hereinis a nulti-gauge strip with a
cross section which has one or nore thin parts and thick parts forned by
rol | i ngroaér 888tiars Reldoh Mnnf e AMEA| ¢PTE 1DUPUNAYN 208 terivseet iddne plel aiy

uni f or Rlay acRAt ¢ NUREGel Brihe dangt hehvsecdiJAGEr 8111881 Kl MHdlicgauge strd p
being | eveled after rolling by application of a_tensile stress whjch brings
about PFAStIT HetGEndtH 6R ’gﬁ‘%/%ssﬁ'@r‘?&i‘:nal%tl‘b.d@@f%ﬁort HET@*6RGATT h T the
| ongi t wdioBals dv f etiei ehondenieln 1g the thinginadnesl raldeevesnimul ti - gauge strips
from unevenly, . di stribyied peshdvale Sbhessy, Nus Lt i 5 possikle Lo gL m ze
the deformation of nulti-gauge strips at occurslgurin wor Ki ng. F
DESCRI RESCORLIgFePHEr ORXIWaNGSs Fress -1 Thua jér shecrpveiblewtshowimigitzhe the

mul ti - gRYEenStIdP o rapGoF di gIePsEP%é)rt%%%”Ecbﬁ‘i’se’HdﬁBg EbgfingA and 2B are
perspective views show ng the inportant parts of the nulti-gauge strip
according to the present invention. Fig. 3 is a perspective view show ng
anot her construction of gdier mektR:gaMge ost tHP BRGANEsNg to the present
invention. Figs. 4A and 4B are perspective views show ng the inportant parts
of another nulti-gauge strip according to the present invention. Figs. 5A
and 5B are gdhensl i dsdi agrarspshoivangvibe ahossngeciHeonmudfi-tdmigeul étrigauge
strip according .to.the present. inyention, said cross section appearing
after %ﬁt%tgf%br.lggﬁog.tkgAp?essearﬁpllgﬁer\}llec\’/]\r/l'of the multi-gauge strip of the
present i nFedsi oPA whiccZBhaseupeesronté vet ahpinghoandgFilge B®drgaat parts

per specid [ 1ewW_! L ng. .t:he | m: ed nul ti-gauge
strinp. %tE: \géfs%e .I};l}b%et\gngggﬁé a?teltlg)gra é:ggg?ﬁ/%r% fé\%é n%ﬂeoé\}\:irn%g 1%%{1 Jt'e(?}{rpconst ruction
of the nultiFigaudelst #i PeBREGTAVAGVESY t OGS éRPthe hveStaRctEpy. o8B the a
schematyq + i gAIRAMsTROW A4 NE B LHOhOfprle8¥Rt | NG dftQonMul ti - gauge strip
according to . .the present invention. FI,%. 9.is a_ schematic di agram show ng
the construdt®én &F 3k 4 8reuBREPHEGEVEaVEI$'y SRELREI Ehe gHmyE tapti Partes
accor didfg ahothde munesegiugd nwenbi abcofditg 10 tise preclanaiheertiagr,am show ng
Lhe onande Wlqg Os8 oRFo4d ok AMAIRLENE S MILED SRONLS, U ngoL8! LLog b the

of the multi-gauge strip according to the present invention, said

cross section appearing after cutting.

Fig. 6A is a plan view o0f the multi-gauge strip of the present
invention which has undergone stamping, and Fig. 6B is a perspective
view showing the lead frame formed from the stamped multi-gauge strip.

Figs. 74 and 7B are perspective views showing anocther
construction of the multi-gauge strip according to the present
invention.

Fig. 8 is a schematic diagram showing the method ¢f leveling the
multi-gauge strip according to the present invention.

Fig. 9 is a schematic diagram showing the construction cf the die
used for leveling the multi-gauge strip according to the present
invention.

Fig. 10 is a schematic diagram showing the change in cross
section and hardness which occurs during rolling in the production of

the multi-gauge strip.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments o¢f the invention will be described with reference

to the accompanying drawings.



the multi-gauge strip. DESCRI PTION OF THE PREFERRED EMBODI MENTS The
.embodi ments of the invention will be described with reference to th<]37 MAY 2006
acconpanying drawings. 5 1 7 MAY 2006 (1) Material and shape of multi-gauge

strip The nulti-gauge strip is so fornmed as to have one or nore thick parts
‘and thlﬂmmmhﬂWh its cross section being

uni formy conti nuous in its |ongitudinal di rectl on Some typical structures
of the rTLI|tI au stri shovvnln Ei The nul ti-gauge strip 1
Shown- i ' Fi 475 BOQt S GhPa .oh PRk RESY 3% oo PR CERPoPEolSFESCHl h w

and thlpmrpar tasndz andn2patrtbot:m siites vofdthwhee t kiickcpaot, 3withe itsi ckrosert 3
is fornrd,s Ls spec at

whi ch TS From Bt 160 phaty peffiiBuchs PRl id AFRIKEAL R T IT A e
of two TYRIlER] pRtusEtiZesant 9ize afhdttlhgé’égﬁt rﬁtﬁflp’alat?g §20WIT High tFiAGSt hickoparts

13 and 73 ﬂlﬁ@tli@d".?d,st%bhltgﬁo&rh'ﬂu pakt, 12Bsi pbespRsed et waeRxt hem 3TWO
thin parts. 12a and 12a are fornmed outside the two thick parts 13 and

The tRitcKPFaFtRtas Und i3 “Hrdh 8r aBE Elth RS rhénd Zalits bﬁ&beséd%ﬁ)é%ﬁ Cic
angl e (the ehithcpamnati Or‘[‘hWhIt(hlilckSpiftDrB 0% tferhe8. sdkie thAHY iitgawgelstkaye 1 or
lllsfabrlcat dlnt tropic . Suc Ieadfra §for wer

transi st ofS (séé ﬁ“& e6) Faﬂterﬁl fna lna cloorl?ne'“?}lé:?is and* ?I%rrg &Ent 0%ts Tfhe

mul ti - galgé-sauge skrdp 11 $loewi ead Fibr aBess |®nmdedobfpwce tdum&eparsmc]rﬁ as
oxygen-f.r r 0 ) h B t gl C er 1 a hor
“di €8 LOPRE t}(z@e im ;Ea%% 12, RRer: HiGk q%jr’t rllf__% P%F&SS axe,

deoxi di zed copper (C1201 or copper al oy, suc
mul ti - gesgedst ¥igh Ther thin pertt bmlﬁéﬁp‘i’%emwéﬁncélb%f 9 @ll(lopah‘iiyher

st rengt:@)a &7 Niza aeué)yfofn%dalé@s,lder the ahlo0Yenilcle 'p%r%lssqm of 3 anyhot her
al | oys. shown in FIH%S , the nulti-g auestrlgﬁ or 11 differs

froma tfhllé'rﬂ‘ BEFTD Hadrfgid ﬁﬁ‘?f@%%ﬁ&ﬁﬁe&%ﬂt TS BRoHUERY 0 PBEGhTIC
shapi ngrgnel |(Jhng:>ﬂ)l’1nfc0igaﬂ'g:)n wa]naaais nfg;omand tonigh rolli ng The t hi ck
parts 3 and .13 an art var, dness

grain size c}éﬁe%?'ﬁl %augte és gﬁ%d (lgug?l rm%{" 31u&¥t Cttrf?P&i%n%%%ts and
anneal isnght exspekextdur £ aned tﬁm:e)pcoferr ougimsshapmg (and ﬁ:‘umshﬁ /I Glelrmigal Al so,
as sho |t i .t r n

t hi ck \[I)ga}’rntngcgb]gé 1‘%%%%%8 side t erggg Ihtsl gaBglratg£r#évletljtaLflequ gPPoJ\i\%érll%

di nensifgRges THiSCKIRESs OItl WHre h@onnﬁrn R za%romerﬁfxee Foppam (C1020),

tough pitch copper (C1l100), and phosphor deoxidized copper (C1201), or

copper alloy, such as Cu-0.l1Fe-0.03P. The multi-gauge strip 1 or 11
for terminals is made of copper alloy (of higher strength), Fe-Ni
alloy, Fe alloy, or Ni alloy. It is also made of any other alloys.

As shown in Figs. 1 and 3, the multi-gauge strip 1 or 11 differs
from a flat strip having a uniferm thickness. It is produced by rough
shaping (rolling or forging), annealing, and finish rolling. The thick
parts 3 and 13 and the thin parts 2 and 12 widely vary in hardness and
grain size depending on the conditions (such as reduction in thickness
and annealing temperature and time) o¢f rough shaping and finish
rolling.

BAlso, as shown in Figs. 1 and 3, the multi-gauge strip I or 11
has one or two thick parts 3 or 13 on one side thereof. These parts

have the following dimensions.

Thickness T; of the thin part 2 or 12: 0.1 ~ 1.5 mm.

Thickness T, of the thick part 3 or 13: 3 ~ 20.2 mm.

Width W of the multi-gauge strip 1 or 11: 30 ~ 200 mm.

Width Dy of the thick part 3 or 13: & ~ 150 mm (or the sum of the
widths if the multi-gauge strip has two thick parts 13 and 13).



Thi ckness T2 of the thick part 3 or 13: 3 - 20.2 mm Wdth Wof the
arulti-gauge strip 1 or 11: 30 - 200 mm Wdth D1 of the thick part 31 oMAf 006
5 - 150 mm (or the sumof the wdths if the nulti-gauge strip has two thick
parts 13 and 13). 7 MAY 2006 Incidentally, as showmn in Fig. 7A the

‘mul ti - gauge I§F|1ijﬁn‘5ﬂllﬁhy aspesheyined §heh {hat thhewHiiclapart %mrge%l betsh
upwar d endodeyaveidch that el tiik p&StSB@Mbd lbthgup‘ZBrdtehﬁi Adhhiva BAU dh
strip 6 )e/ have Looves, 64Fand gg tb gn in the len \Q/I se direction
on ¢ he 08B LoRe  8p o AT b e Bundir y et WM T REUTH] CEERr €163 N 1t
thin MODVGQ_ edn otchef4 wohdsh trwa prresen¢ ilrughhi onses dlireettied amy the

T LS LR N s WSEHILQY (RIGELEODRE PRI palhe dAlLbl OO

strips 51 and 61 shown in are exanple aving one t
part. Pi&tsabe i dea @%heeﬁopwpéasrc o Wigoskreffindh hagentden hiek Parecsed (Fmt

shown) pfud) i MpAsgl @mtps wqaflcha&gn§§§d AeSOTdickd rbRi & ha PrESeite 'nﬂl\i%m-!_;%elt he

mul ti-gauge stri is characterized in that the thin part 2 or

has a csé?rrgBFn %a?‘orlijnésls ShSHH thef i dR paft B 9 PERBRSC NG HEY OBPt B FK

har dnessrtw Thet Bamer atlka ok tdpelieames taotdewhath enabetng speckf peekrs Since
t he thlck part. 3 or 13 and the thin part 2 or 12 are fornmed froma fl at
strip (nF um‘?c}rmthl ckness), they differ in hardness depending on their
reduction in thickness even though the raw material is the sanme. Hardness

nmay be meaguled ACGRLALRG 4 Qi lhe hardness test method (Vickers, Rockwell,
or Bri nﬂ‘%ﬁ%&;‘g—rﬂw& JI'S 72465, and JI'S Z2243. In the case of

the nmulti-gauge strip 1 having one thick part 3, the hardness Hl of the

thin part 2acsopgasdrad @r bbeséqu%ntl@@d éd@emkl@w%%é*?st%pt heot hick
part 3 s nmeasured on the center lin in Fig. 1. The hardness is

expr essed PATREIHE 26 &R AD&FabgRe UTlnf R?étrréagﬁr%%e?ﬁ% DFFEERT PABINGTS t he
case ofandherhrul thicgaygertst3 i pr 113havsisnginbwhet hicektpat t Baddnesdnd wikh tire

har dness. . H_ of. t e tgyrmggartto ]t% lar@%sured on the.center Ilne CL of. the

mul ti -gr§5918 é’tfrltp 11 A4 t hE hardness l15|2 of "Th&Pt ﬁl ck® parJf Bt%end

measur @@ron 3t lve déneed kthaetBlinopaxi thevr of2 tdre fdrimek ﬁaptns;a\ é&ash@mn n
Fig. 3..,ke 3, Qfﬂesc%lbin«@%@)r ESEk Ialogfmll(?f haf‘ﬁn@%’@rg 96eiird V& their

measurements on each |ine. The ratio H1/ H2 in the range from
0.9 to rEdystighedd Hhiicknepd IRaEdnedwsh thfe AV NMBEFELIZL ods1Xhendsaped s

the hangdnesssof e bRi ChkedAlled3 Q8cdi¥iing to the hardness test method
(Vickers, Rockwell, or Brinell) provided in JIS Z2244, JIS 72465, and
JIS Z2243. In the case of the multi-gauge strip 1 having one thick
part 3, the hardness H1 of the thin part 2 is measured on the line S,
and the hardness H2Z of the thick part 3 is measured on the center line
CL, shown in Fig. 1. The hardness is expressed in terms of an average
of five measurements on each line.

In the case of the multi-gauge strip 11 having two thick parts 13
and 13, the hardness H1 of the thin part 12 is measured on the center
line CL of the multi-gauge strip 11 and the hardness H2 of the thick
parts 13 and 13 is measured on the center line 8:; of either of the
thick parts, as shown in Fig. 3. The hardness is expressed in terms of
an average of five measurements on each line. The ratio of H1/H2
should be in the range from 0.9 to 1.15, where Hl is the hardness of
the thin part 2 or 12 and H2 is the hardness of the thick part 3 or
13.

The reason why the ratioc of H1/H2 should be in the range from 0.9
to 1.15 is as follows. If the ratio is smaller than 0.9 or greater
than 1.15, the multi-gauge strip 1 or 11 has such a large amount of
uneven residual stress that it is subject to deformation {camber,

cross bow, and twist) during stamping, (Fig. 6A), transistor mounting,
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The reason why the ratio of H1/H2 should be in the range from0.9 to

s as follows. If the ratio is smaller than 0.9 or greater than 1. IB7NMﬁé%5
mul ti-gauge strip 1 or 11 has such a large anount of uneven residual stress
that it is subject to deformation (canber, cross bow, and tw st) during

‘st anpi 19§, ‘(q:ﬁﬂgnaéA)aSSteFT@ﬂléngtorThFréurﬁfeﬁle7 dpterimNe DOO6PEPdueiminal and

assenblyingd. Thhs gae%l }éfd@ltleﬁizorsﬁ5§§d DBQdUC§l1/|1t5’ a5k reragh ¢ oTbg Ialtd o of
H1/ H2 shoul d be 0.9- preferably 0.95-1.10, nore preferably 8-1. 05.

The nufyéf BFeﬁ%%@%Yenoerﬂss iy b@h%nﬁ‘i”l‘%?r o TefgEereRLh BaYT]H% Fﬁﬂ‘?‘]tliergauge

strip iox Usuvgdd ywhanoduced froma flat strip (or raw material) via an

i nt er nedi at ?PBrﬁ‘g%i .:-!:ng% s]tQ: h%/sugpgjf%g'%}o%ce eps,uged, for %rlp%l((_ﬁr

productlon gauge tri resen |nvent|on
strip (reawmaheekdal )vnsmo’:m dlm@eg@at@ugmdﬂmtl i ’g9.an@ fsheivshthel kohlingi t h

an adeqyahe ﬁ@é’&'cfdrortlie” Priakckpess c%dﬁ{e m%‘i%ﬁ]ug?‘é@gé"%aérltpr eat '%ﬁ@t pFORd L I ons

according to its al conmposition and the finished cross section
(t hi ckri@¥gnbion hithe pélatts S&RAPt WFHY PRlardplsoshratd ttrdetgoulroral mettingauge

strip has Sﬂi[ﬂl%haCi@IMngﬁeﬁﬂﬁﬂl gal apfe(qmatél esduaigness tRNGtda sstiengt h,
proof stress el gn % %datfn good el ctrlcal con ctivit\é Fl at
strip COFIPALF ndidr | o TeR sF% B S pEF T b ppert & 10y Ys COPPoFticER
cont i nuoks tdastf:rrg.smuedsemocscsntsermus clastickhgessThefsltal cks pafrmrsnmhd nftmma

sheet y bgt 1ol 1pg coldl 1l pon anbeas. freatsal. . The shost 1, it

into flat strips o sited di MENS| Sti may be &
as-r ol meghanecal @yrorpnbdted CreednFhe, t htsnsidist ashe@lnﬂfat sxmog hasresd,f orm

har dness o6HO 14 ReLh) t by | gt Qm@g@rlctylr echhQf andthe widthw se direction.
The flat strip has a thlckness TO. Internedi até product: The flat strip

under gfeF lASugh LBl I(PAGLRY aatﬁllaglér FolSlieRg ofi IPPBRT aF oFPPRYE n# 10X oifposed

of a greewaded oby &dtttidiuohbatatolly &0 ddtatohtihasua ddditekgpathe (WM A &
thi ckness of T12 with a_thickness o Rouhrolllng

and a hin part
is car é&?%u%“& ¢h sqlar?ét L“‘@"hé10 e&%’g’r% ‘%‘i’lﬁ‘hrrc?b: b%% |%“%r]Paﬁ)ait ‘A e HB* i ck
part arithel ahget iis tdidtt hintopailfat Hreriphi ol pistirhds dimbasdness Tife Hiatand

the thi r a ess.0 | ] . n, HL_i r because
t he thlr%ﬁlg rr{“‘ﬂ}hhals')e €%]larh%gr %3 %%ﬁg 3 %ctalrongf' 5?4] %neséll;| harl?%t%heﬁ%"ﬂsi ck
part. Thaathed dbrtai sedd dteer medifare pawms utither goe o ddiei dgniohwise

recoverg (@b dictddd tohe TathRi 6K RArd-t88. aTRAT HNGS S519fi 22 saRd chh€kness
of TO.
¢ Intermediate product: The flat strip undergoes rough rolling by a
Pilger rolling mill or a rolling mill composed of a grooved roll and a
flat roll, so that it has a thick part (with a thickness of T1l2) and a
thin part (with a thickness of T1ll). Rough rolling 1s carried out such
that the reduction in thickness is small in the thick part and large
in the thin part. The thick part has a hardness of H12 and the thin
part has a hardness of H1l. Then, H1l is larger than H12 because the
thin part has a larger value of reduction in thickness than the thick
part.

The thus obtained intermediate product undergoes annealing for
recovery of ductility. The thick part has a hardness of H22 and the
thin part has a hardness of H21. Then, H22 2 H21 because the thin part
has a larger value of reduction in thickness than the thick part and
it is softened more by annealing.

Finished multi-gauge strip: The annealed intermediate strip
undergoes finish rolling with a rolling mill composed of a grooved
roll and a flat roll. (The grooved roll has a concave part of desired
depth at a prescribed position in the widthwise direction). The thick

part has a thickness of T32 and the thin part has a thickness of T3l.
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thin part has a hardness of H21l. Then, H22 ~ H21 because the thin part has
.a larger value of reduction in thickness than the thick part and it17&Af 2006
softened nore by annealing. Finished nmulti-gauge strip: The anneal ed
internediate strip wundergoes finish rolling with a rolling ml|l conposed of
‘a groovidd thofk mawt &Sl @ hegPnesg e F2ognedthel Fhimasoar tcdvisave hpagne u5f

desiredys d8pt hripd & 1RESSEF IRAUNRIST 4dihdsN ohhendv Udnw$6ndi K 6atii@Alss The
thick part has a, thickness of T32 and the thin part has a thickness of T31.

8 1 7 MAY 2866°THE Y hFekEHarRr4isd ta 1RYFAREYY otth—lSrza%ﬁd A KA pakeudths a
hardness febnH819 Thelvns uewo ofhikaratidess tdependseosniherd eglekitondefuate

t hi cknes Accor di r nt_ i nyv nt| the ratio_of H31/H32 should
be from’ 1§n§ cof%§go % |srl%édn = E)It] s négg%%sf ya &(’)agél %Jgjfn%‘dequate
rolling conditions for reduction in thickness and annealing. (3) Cutting

met hod @Gdc%ggﬁ aleAbs £fa d3RhACRIB d%c‘a%}gief&xﬂe‘?l L he present invention,
t he mul T di spl acenent after

cutting. Cuts are nade at specific positions shown in Figs. 1 to 4. A

sanpl e of I a@@bh_aderg t(o2Q@1e599eH§ﬂt liivieakesn f 18 e t iuydhgdagepsirép 1 or
11 of s %ﬂ aare made at five Eosltlons as shown in Figs.
2 and £%°Y Fg?\gtah SETCE):FJ‘(E:U iyrlacesent ATRATr  GREGEM h DIt RFmTa9e fuge
strip sheoifid. pbhét avmunthavwd angllﬂgsf di sphacenent sameleeasiur eength t he end
at whi ofooctb i S1ATE S Mk NRPRRLEL OB 0L ULt NG (1 Lhe easg. of the
rrultl-gaugesrlp J)aresownlnlg p05||one|sa The
cent er lghgthelw Guts WreTh@‘@e@@ncflandppmubr{soaﬂ |s@nynb1naﬁ¢lg$)2 arand . the
boundary, b he .t a e i a T ifth
e A A B B e R TR
These posict Lbns correspond to ones to be sllt in the stanping process to

pr Oducerh|ee%ﬁlof1ﬁ@-n§3d Q-Hgtl'engafs H@Hbga&ﬁnerﬁc aeapPhtshedk Pieleet tha di sghange
machi ni n cheni cal et chi n‘gj?so as revent new strains fromenteri ng

t he mul4 t@ﬁ%gétéﬂ?p ihe ThE eﬁ@?htJ(CLnf oﬁ‘or WIHEE! f Be Hhe-a058 s e
wi dt h WLQﬁ:lt-leﬁlgd’Tlﬁtfﬁrpgal)g%rEt Ehpwd Off ﬂ.ﬂg (df dHhe SaRpl @obStLod OVEy 44 S

ti t t t ud f d t.
T e ar b ot Eanal Ter Ao T e Fhebtl Hi P e Sp1 dcchent
due to a”cesulcwai:omdtaess b@mesenotthappeian pfart heé laengtitheofticiutk imadtaryerThe han
5 ti ”Esfoh@‘%h%ﬁ'& he Werdiggpl aesaent, dug £0 #83h4UBL 14655 J % off teGhedody

gravit

edges in thin part 2. These positions correspond to ones to be slit in
the stamping process to produce lead frame. Cutting should be
accomplished by electric discharge machining or chemical etching so as
to prevent new strains from entering the multi-gauge strip 1.

The length (L; of cut should be 1.2-5 times the width W of the
multi-gauge strip 1 or 11. (If the sample is cut over its entire
length, it is impossible to measure the magnitude of displacement.) If
the length of cut is smaller than 1.2 times the width W, displacement
due to residual stress does not appear If the length of cut is larger
than 5 times the width W, displacement due to residual stress is
affected by gravity.

Displacement is measured in the following manner. Assuming that
the multi-gauge strip 1 has a width (W) of 65 mm, a sample having a
length (L;) of 200 mm is taken and cuts (about 150 mm long in the
lengthwise direction) are made by electric spark machining at five
positions (e, by, b, Ci, Cp). Prior to cutting, marks are made at a;
and a; (2 mm inside from the shoulders of the thick part 3) symmetrical
with respect to the central cutting line e. The distance Ad between a;
and a, is measured before and after cutting by using a projector (with

a magnification of 30 to 100).



Di spl acenent is neasured in the follow ng manner. Assum ng that the
.nulti-gauge strip 1 has a wwidth (W of 65 nmm a sanple having a | erigl MAY L@}
of 200 mMmis taken and cuts (about 150 mmlong in the |engthw se direction)
are made by electric spark machining at five positions (e, bl, b2, Cl1 C2)
. Prior to Gbet PHEtitERYES Stéimade Hrow ingfdgaz 3 2%fnd s destrdni® highe

éhOU' desraﬁleofaairh& tﬂHeC%u@@iI-géi)geSmbr i CathatMilsh 'i:ﬁ@?eé:i‘e tihd REmeenh rale
cuttin . The _di stance 4 bet en al _  and a asured before and
after %.i’f“??ﬁg itig 9% o8t 8 tFt aleﬁﬁngrf?’a‘it’F GHE9 BeR. 9 1
7 NAY 2046 Ihe madd iatgduge gct-a;itp.ob]s Shbwnfin’BtFlp@SJ.tBOJaned ¥ i ttest eehtar t he
camp! 6 Menden oo™ By dREOR Gt hata TPl i ARRe TS SOF o Tkt Hba e

are madevadafy vbe*'p‘fj%ﬁrt i Ors . oMer fihrigy growi tiZorans  heat thiek c@éntter13 ofTItEhe

wi dth Wo,Thg aﬁ&oeﬂf@ndpmt&@neoataMSC bﬂar@nqnb%h@r engh bAec P@ugl@awth
between the outer thin part 12 t'hi part The” fourth and fifth

posi ti G¥geEl tanbe @lifre ]?rriotrhéc’t ﬁPHt’p%‘?rft “?Ekét BBt ﬁad%d@'esalt #Fe | (4 .My or
to cuttind@de MEEKS 8he ﬁﬂd@l@érsaloianldleaztkfl%kmﬁarltasllde anidona hes yahevtdefis of

the thick,parts 13 an a th respect t thec tral cuttin
line e 'Fﬁgraf’%?% i&ebSFﬁgg%P t%éﬁa Qﬂﬁn‘?s Trég‘éeuﬁéa 8?%#(‘9 wEFfeft J
cut t i ngnloy auasngneasplregiehemre( wintdh a £ ae maguti fingabivons bfig 39 g iEGAbr Tieth

anount Ogrﬁghff’%?acﬁ%%”%f@ aht giy ra?d fromthe equation (1) below (where d is

t he Ieng tance be ore cutting, and Ml is the Ilength of distance
after diret prgunt Afcdidbhgcanentha spekisaimed Avent tlon eaquasical (B dwllowl at ed
fromthe equation (1) should be snaller than 0.15 mm The anount of

di spl acenent between two points al and a2 on the thick part of the

nul ti-gauge StrfP is proportional to the magnitidde of residual stress
stored in the nulti-gauge strip 1 or 11. If the anount of displacenent is

greater, than 0. 15 then the fol].onwn ubl es occur he mul ti - auge
o rT b IR obfe ThE cREBEFE - 3t ord {3t T R BREPET “BuBEE e At 1 St i

t hi ck pampshl3f aiicktiaﬁoeThétenmduttmg@u)ge strip (as a blank | A) does not
permt snmooth stanping for fabricationinto a lead frane (1B), shown in
Fig. 6A and 6B. During stanping, the main body 3A and terminals 2B clog the
st anpi gcgdirding Atso,thsoopredand bomdinigoand tdef orates t exhiwaltedoctnam dird ng

transi gq%%tlgpuml ngoand ggrg}aariqgra%m ROy Therefore, the anount of
di spl acenent should be smaller than 0.15 mm preferably smaller than

The amount of displacement between two points a; and a, on the
thick part of the multi-gauge strip is proportional to the magnitude
of residual stress stored in the multi-gauge strip 1 or 11. If the
amount of displacement is greater than 0.15 mm, then the following
troubles occur in the multi-gauge strip 1 having one thick part 3 or
in the multi-gauge strip 11 having two thick parts 13 and 13. The
multi-gauge strip ({(as a blank 1A) does not permit smooth stamping for
fabrication into a lead frame (1B), shown in Fig. 6A and 6B. During
stamping, the main body 3A and terminals 2B cleg the stamping die.
Also, poor wire bonding and deformed terminals occur during transistor
mounting and terminal assembling. Therefore, the amount of
displacement should be smaller than 0.15 mm, preferably smaller than
0.1 mm, and more preferably smaller than 0.05 mm.

The angle of displacement is measured in the following manner.
Fig. 5 1is a schematic diagram showing the cross section of the
multi-gauge strip 1 which has been cut. (The cross section is viewed
in the direction o¢f <cut.) The symbol © denotes the angle of
inclination to the Yase horizontal line SL of the thin part 2. The

angle of ® is determined by measuring the positions of P; and P; shown
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0.1 mm and nore preferably smaller than 0.05 nmm The angle of displacenent
.is measured in the following manner. Fig. 5 is a schematic di agramshdAl Ao
the cross section of the nulti-gauge strip 1 which has been cut. (The cross
section is viewed in the direction of cut.) The synbol e denotes the angle
‘of i ndMi K&fi 0ABt oFPheMPRABE HERFz oAt PP P BLERST BHEICARAIPaFEr iR Irheln

angl e @hiehi sutlet REvE Neskbymdmas urd Y sicbe Iaasiat meRSHL0é Pippnds Pgn&h@wbdw 1
7I\/AY206|nF r enent le o i trip 1,
o O LR B TR b G i TR B ol &0 51 S04 St et

under Mmedpro‘;mumngih(m and athradreinbicbak i ore afal30ltbed 0om the pbhetlorwor ds,
thele the Ly gg B & r ti P andP2
and the an (#e %gjoéhl S 0 tar?ledgafl%o(ﬁ\qgl:%eﬂeg%ggfﬁopﬂ% aFEQ%h %P%El % (Bl A
(2) The sane procedure as nentioned above is applied aI so to t he

mul ti-gaugegstripnligsnown in Figs. 3 and 4. That isp)the outer thin part
12a, which has been cut at the outer boundary b2 between the thick part and
the thin part, is exam ned under the projector, and the angle of 8 is

cal cul at ed fthemsahe eguakidane (dk aﬂmweoné\@cebdir@gleo dppe iptiesarb iumvetrrtei on,
t he ang] h asur houl r, t n.4.. The reas r.this
i's exp%élﬁﬁgdg%ueq[ i [frﬁ 1 %ﬂ § IlII| g](é)l na or?ieto ﬁ%‘gtbég’é %8 |zon?al e sSL
of the ptamtnlirb@,rtwhla:ht Bas dmem r¢g1t| st ptlm)cﬂuttle@nadnumdﬁrtyh@z arpurgenofthe eshidikal
Stress 3terefy ﬂrﬂe ttfﬁennygu IALIGE Rt hLR Jndalf th@epea%et&f %n'dstgﬁegﬁgelr than

4, then the follown roubl es occur in ti-gauge strip 1 having one
thick pdrf 3s o?ahwleﬁednﬁqum tHgugaLatiqr @1 W%g two thick parts 13 and

f13 fThg Ml talccgadgey Std :ﬁ@le( dFecdeht ?{Hg;ékﬁh ﬁdQesh@olen@le; e sMpRkhness @R ng
or fabrication intQ a | ea ra , wn I n Fi ring sta |ng,
the mai%ioH ayb%ﬁ%}gefe?:ﬂ?%a{ s Zq%‘ecIrSés?%eto é?r?’b?nﬂ;g ﬂ?@alﬂegobe B%r

bondi ngnatd déf ongeithdtarm nal shecedke dmsrnzg:ntranansmst 6L BBuBhé nghamd_oart

Lo ol RS EEL 0 TIRLRLAL o PALe Bt DEL DAL £SO, D SR Lot

t hen 4, pref m)re prefera Shral"&r °t han
di rect iion tbe mlhletlarmglueeost@lmely Hd Gpeapnle taf ﬁespegreatﬁrt Hdranbase then

hor i zonal 4138w Sh LBobBick CaS8r 00, chhienangl &lael naliiRati oy shouldd be

smal ler than C. Inctidentally, t e base hori zont coi nci W th
the | oWélrlC§uP¢“é‘ée3 ofr tife Whel ol Gandpran S5 &F havina)tvgethddkoPareveld ng

Fig. 8dne asschesaihctdiagipamsshopi ngsthepifnsiln @l i@ permit smooth
stamping for fabrication into a lead frame (1B), shown in Fig. 6A.
During stamping, the main body 3A and terminals 2B clog the stamping
die. Alse, poor wire bonding and deformed terminals occur during
transistor mounting and terminal assembling. Therefore, the angle of
inclination should be smaller then 4°, preferably smaller than 3°, and

more preferably smaller than 2°.
The direction of the angle of 8 may be upward with respect to the
base horizontal line SL. In this case, too, the angle of inclination
should be smaller than 4°. Incidentally, the base horizontal line SL

coincides with the lower surface of the multi-gauge strip 1 or 11.

{4) Method of leveling

Fig. 8 1is a schematic diagram showing the tensile leveling
machine for the multi-gauge strip 1 or 11. The multi-gauge strip 1 or
11, which has undergone finish rolling, slitting, and winding up, 1is
passed through the leveling machine which carries out leveling by
application of a tensile stress in the following manner.

As shown in Figs. 8 and 9A, the multi-gauge strip 1 is unwound

from the pay-off reel 38 and wound up onto the tension reel 39. (The
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machine for the multi-gauge strip 1 or 11. The nulti-gauge strip 1 or 11,
.whi ch has undergone finish rolling, slitting, and winding up, is pasas#dy 2006
through the |eveling nmachine which carries out leveling by application of a
tensile stress in the follow ng manner. As shown in Figs. 8 and 9A, the

nul ti - JdE§e st%e 1ThéSuntioihfd 1fr oM i@ ipag- offileeelthgg’ Eﬁﬁﬁkﬁ@un@fudﬂﬁhto

t he tefilﬁl'l@ﬂ &eje 38cr{dhe 1lis1 5715 d@@OG(i‘hé Stseehb8R) Tt@ﬁ st gk $pping
mai nt ai n i e, the f gauge Stri suspended., (The

I edi n
second cé’ﬁéﬁ? %rﬁ“ﬁb%ﬁg gy&i’ﬂ%‘?"s 58 ti‘ﬁ‘a aFlél‘T]‘b\@ré?d 3560PhERE t R hi ck
part 3 pamdst heahhl A offarths Ruant-@Zawafe tSh'ﬂ'lpUIlt Ia-rgalggépﬁédilbylt}aé edoy i pped by

the d d h b f
the il atokThs ost hheriastbe i onb, Rbopdfsd ot ERUR B s o 50R ©
fixed, sthetadng - @E]Lilgéieﬂ r3iSp 1(T|h€cef|0vlé§h astemsi findeoridee ﬂi@tl efite Al 180 is

moved &iRegscehbed diistange §9@£§S§a£éeel%sl gvebhdgle MW heRe 1BE: qie
stretchi ngﬁ;:yl inder 35°is sto (The sixth step) The stretching cylinder

35 s d9V&gaPn PSS EhHR® h‘%l%aé‘cgo(n?ge?seasrtyor lePReiggvent® stg) The
| ef t anﬂler thét@fﬂn@pbpglwéﬂ mdens sBdomd 3I6harei A %edptjo open the dies 30

d 30, | ti 1 I d. (Th i ght t Th
Fensi on T eel 30 ° F 8 lF b g ERd tp £ e T /S o al't PogBlge LT Bt W ch
is as liongesagrede st aawenbbtm/em) tiﬁe llefftt and rigiht ovigsi3Q@ agdlf%@ers( The
ninth step)yThe t%ﬂé%@@eé“t&ggw BSBSP%@Q idep%ﬁ&edao | ngidental |y, the

dlstance betweent two dies is the len of " t'he rrutl-gauge
strip Iwéipgayes atadrat éaﬁerﬂWEdThéTE%p@rghé?@dSF@%rTh@jlf@S&Pé rael cHt ed

by 31 and 32nedheo! gY€A1 R ﬂ?&hlé%%l%tlowlﬁltﬂ-é:d&be %dﬁ@ tuﬁlbﬁfisaaly Iérgf‘t
dies 30 and 30, which grip the thick part 3 and. the parts and

the muldS t§Eugessines e é‘l’?e{‘héh%a%%ftt ﬁ?él rigRE eBie s pi y%rﬁjg 3:9 téh"E?I ’élmfl'br ce

i In t he gt@@?t hwesendid eﬁhcﬂ Fﬁubﬁe”mﬁénfﬁg stthes maké i rgpsge- st rmtlliehealwl,deﬁg@

pl astic or mat, | The_| onger the di anceb ween the | and _ri

di es 36™% 5%8 39, hie%ge%ng%}e % mit 1% gghgearéq thar &n g%ngtrheVSFe tqréet one

tinme. Tlsiegatige bsteip tDO po otiactlleveleyd aad baee:l Litat eShe t hppeonindl Lobert he

dies 3Q %rgd 39 lfg.%l Lheys n%lela%'&9§%i on. On the other hand, the gripping
and 36 ana chi i

cyllnders 34 e stretching cylinder 35 need to have a large
capaci ty andhgepeeel heg |asdlinagshez Mimd ivseedshas| bhgel ¢ Histald atiobh dien. | f

the di Sstoa%% het Weghch Nerid &fle aRdcki ghtt di esnBArANER3Q Fargfmbl and g of

| eveling machine is poor . in productivity and cannot app y uni form pl astic
deforrnﬁ%eoﬁmﬂalfyﬁyge strip 1 at the same” time, thereby applying a tensile

force in the lengthwise direction, causing the multi-gauge strip 1 to
undergo plastic deformation. The longer the distance between the left
and right dies 30 and 30, the longer the multi-gauge strip that can be
leveled at one time. This contributes to productivity and facilitates
the control of the dies 30 and 30 for the same elongation. On the
other hand, the gripping cylinders 34 and 36 and the stretching
cylinder 35 need to have a large capacity and hence the leveling
machine needs a large installation area. If the distance between the
left and right dies 30 and 30 is small, the leveling machine is poor
in productivity and cannot apply uniform plastic deformation to the
multi-gauge strip. For this reason, the distance between the left and
right dies 30 and 30 should be about 3 to 10 m.

The die 30 which comes into contact with the multi-gauge strip 1
may be formed from tool steel. It should have its contact surface
covered with urethane coating so that it does not damage the
multi-gauge strip 1. For the multi-gauge strip 11, the die 30a or 3%b
as shown in Fig. 9B or Fig. 9C, respectively, should be used which
conforms to the shape of the multi-gauge strip 11 and fits to the
thick parts 13 and 13 and the thin part 12.
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mul ti-gauge strip. For this reason, the distance between the left and right
dies 30 and 30 should be about 3 to 10 m The die 30 which cones into ‘
contact with the nmulti-gauge strip 1 nay be formed fromtool steel T MAY 2006
shoul d have its contact surface covered with urethane coating so that it

does not dammge the rrultl-gauestr 1. For therrutlns estr|$ t he
die 30a or 395 2HEUBhoWn I 3 d@éo 3oy (9, efarpricty . benatier b used
whi ch tenfeuns {gaugbe shape of drhellmlsthlo’agaug;& sorop-1 amdefiatnﬁauhﬁ tde

thick par kga%% nd, 10&@‘3 t 0§ %{? E‘?@ t]a%c 12,1 ’ZerMA‘Y 12c9106t[ nLNg;ampunt, of
plastlc orma or eonga %6 "added £0 i - gauge s?rlpl
or 11 ﬁi@ult@ebéllQFQSCQ%LTh@ emmttlm@fceltel @ﬁ@mﬂe@ﬁeﬁs byoritheoleledt byn t he

di st anggikl;.over which the die noves, and the distance LL is approxi mately
represented by the equation (3) below. LL =3 x LO (3) (where LOis the

di stance between the left and right dies, and 6 is the value (0.0005-0.001)
of plastic deferpakimn.) The effect of |eveling treatnent(xpan be confirnmed
by cutting a sanple of the nmulti-gauge strip 1 or 11 at five positions (e,
bl, b2, c1, c2) explained above (in the paragraph (3) Cutting method and
nmeasur eiviietrs 6P desphacdaehi)ce |fethesinr etiel éeéti ngdekfigbt dsesmnotandrddiced,

as much.,st (,g]ilggn ngo%%5b§f@(]§ﬁ o153 ggggtfé rc%tfggtngglétpqn before may be repeated

so long as the anpbunt o astic ormation Is Iess than 1% (based on the
| engt h bef or’del &fdrrhgpt tﬁéehp@ﬂuemat@wn@f ceandel ecsifiegedt byt fetting a

mul ti - gageeSbEI Pnd Mltll%aﬁeeulsgrpﬁ ef esably he Gakr Ip%féleytmgf ter g,hepfinal
step (or slittin producti on; however, levelin be fol 'owed b

slittirfg: Tee eF‘gi‘é’r%ﬁP mAPPYE gadge Sh%i pRIagraph d tﬂé‘tstllpﬂ e tdyod arta

st anpi ntgalals\ﬁ\&taxhemmutgffl Cdﬁﬁlalﬁemehtng @Ifesaeéﬂwgi ]91@584):,114 hefpitt i ugaulg@t
strip w ro sta | ea ra ntin se 6
Tt he HaasuBie B SR e ek An b e ohe KRS, oF g e nore Tane Togh prettd ©
mul ti - geggéestreppated poorlomg i areris mhnacoﬁrgtysmc h@stormasidnals stegess in
the | engt] tav\nl§e o} e%ct)hoghevﬂr{a}hagg?g]@ 'l’é"%ggffﬁ tthe subsequent st eps.

rma

Ther ef or e, the adequat e anmount” of ion (or tensile |eveling)
shoul d be OTh@S-anlB@’éI@?aﬂbﬁyt@Sllf 8rtress worehpredfldialghyge. 2tk or

Tensi |l g4 %\ﬁ%ht@gpf@%ﬁ%lyegga&@pmwo% QFLdDIG eS¢ handsasp thi: tatakiagpount
of leveling is within the above-nentioned val ue.
of productlon, however, leveling may ke followed by slitting. The

leveled multi-gauge strip 1 cr 11 may be slit before stamping.

With insufficient leveling (less than 0.05%), the multi-gauge
strip will pose problems with stamping and lead-frame mounting (see
Fig. 6) in the subsegquent steps. With excessive leveling (more than
1%), the multi-gauge strip 1s poor in dimensional accuracy or has
residual stress in the lengthwise direction, which adversely affects
the subsequent steps. Therefore, the adequate amount o¢f plastic
deformation (or tensile leveling) should be 0. 05-1%, preferably 0.
1-0. 6%, more preferably 0.2-0.5%. Tensile leveling may be repeated
twice or more so long as the total amount of leveling is within the
above-mentioned value.

The invention will be described in more detail with reference to
the following examples, which are not intended to restrict the scope

thereof.

Example 1
(Preparation of multi-gauge strip)

A slab of phosphor deoxidized copper (Cu-0.035P) was produced by

semicontinuous casting. The slab was hot-rolled and cold-rolled into a

13



The invention will be described in nore detail with reference to

follow ng exanples, which are not intended to restrict the scope thigé\ﬂ)ﬁfy.mﬁ
Exanple 1 (Preparation of nulti-gauge strip) A slab of phosphor deoxi di zed
copper (Cu-0. OBSP% was produced by sem continuous casting. The slab was

hot - r ol ¥%ede8n#he6lk d- Pol T2 i RPotBlaR ang R DBOBidei | BHe shbeet pag-8ldtmm
thick ando6Q0spmpdemnmihedsheet was slit into a strip 70 mrmw de. This
strip was e into.,a nmulti-gauge, stri shown in Fig. 1) specified below
T e ol | iy SARe PEoWaER BT Rsn it b RIS, S5t SEerEhatht B ok part

mm t hisdereégsed Thelafw tihi nhpafdllo®idgnmanndr.ckness T2 of thick part: 1.27

mn, angle g; chfn 7.ogs Qf, LS ?)ar %EI %Qn‘glgaqc CIQO[D‘L:“Z_Qnt 941 el nec)hlcggeas

Pr oductl on ste Rough shapi ng , anneal i nd 250C
for 2 Tvomfsj:hlfllml’s% ol Mg, t@h@@lslst F?n@f W@%@lﬁ@ﬁesé of Htlhile ehibtk @and

thin paitssWas cont "cﬁU:I%d playtchqrogl NG o theJ esihcld R ah n ﬂlmeqkn%dheti&ygh
shapi ng, the_annealing nperature, and the reduction in thickness in

fini sh T6Pri ﬁ@uglﬁ'h%haﬁll’?ﬁs (BBt BHHRSF ARl Pghu i neeli B hAst h%t?%’ﬁéé’s C(ERY as
shown Il’[bu-E‘abLEfﬂnls(l‘Prrepaﬁ.ﬂtﬁJ athdbfs1satphes) Three mul ti-gauge strips
d No Tabl . d.. T bout
500 o gy BP0t Bkel ofr SR EACA  oF M Rer RN | Tauge LGS, PEAchepPERE. had
its endsg abm;tuc‘ﬁ@onn) igut tHiykamsel edtri ccosgar k simelinge (wheh aanwieamng
di amet elenpfe erérm andT*eHé LREEE; YRS ADLAL BRML & 200 ﬁhk%grﬁﬁ[’ﬁ&%
shoul der ™ of

mar ks were de on cut surface, each mm 1 nsi om t he

t he thlﬁwspQPFalqﬁfb m%téraﬁw emABeha H@rldmsﬁraﬁk‘é) s shedsuiedad)eudi ng a
projector provided with an X-Y noving table. Five narks were nade on the
cut surface %one at_ the center of the width, one each at the boundary

bet ween' FHFEALAF LR ;?afrtsaﬁﬂfjef)l'ne thin part, and one each 1 nminside fromthe
edges) Cuts (150 mmlong) were nade in the Iengthvm' se direction at the five

mar ks by usi an electric sprkna |ne tha e.dianet er qf
(Press- punchﬂ%&et é“élh%én i easﬁcre %? <t ral n)asEggﬁ 01;L tﬁg%céfllg ?T‘zﬁ) 1to

3) was yrpeclredpraned. | Baced rralrm:gswabust ng0@ puntdmgig yares.akehe fpumchedh

producto ke ialned LRudesc gl nss glesstian. s edl edohtags Hes et 1

by an electric spark machine (with a wire diameter of 0.5 mm). Thus
there was obtained a 200-mm long sample. Two marks were made on the
cut surface, each 2 mm inside from the shoulder of the thick part. The
distance between the two marks was measured by using a projector
provided with an X-Y moving table. Five marks were made on the cut
surface ({(one at the center of the width, one each at the boundary
between the thick part and the thin part, and one each 1 mm inside
from the edges). Cuts (150 mm long) were made in the lengthwise
direction at the five marks by using an electric spark machine (with a

wire diameter of 0.5 mm).
{Press-punching test and measurement of strain)

Each ¢of the coils (Nos. 1 to 3) was punched into lead frames by
using a punching press. The punched product was halved in the
widthwise direction. The halved frame was cut in a length of 200 mm.
The resulting sample was examined for cross bow.

Each sample was examined for the distance of the marks and the
inclination of the thin part by using a projector (with a
magnification of 100), provided with an X-Y moving table. The distance
of the marks is expressed in terms of an average of three

measurements. The sample was examined for A and B (shown in Fig. 5) by

14



The resulting sanple was exam ned for cross bow. Each sanple was exam ned
for the distance of the marks and the
a projector (wwth a nmagnification of 100),
The di stance
three YPdAIuReRENCTOThOTORRPEE WED eari-XeBOFbRI Ataine -B Thshewale n(Fi (pf 5)

by 14 anlMéa(tJ?&{JGoﬂsmg aHITO] 01 wPk Ovhdedi dd) anonk- X MEng ng. tq@ é.s The

t abl e.

angl e
is

%r’%§ gatrd

ncl i nati on

1 eF T %of

fof the thin
fartaveragé®

ot

inclination of the thin part by NA&i 28
provided with an X-Y noving

rt.was cal cul ated

sPx* nBRIUHETRERS (

f
th

ri ght anghkedng .1efabl.e 1 No. Har dnessHar dnessH1/ H2Cr oss

bowari ati onl nclinati on HL of H2 of of

| eadi nof thin part thin

partthi ckfranmedi nensi ons partat shoul ders of thick part
11. 231.T#kie0obnone+0. 030. 7 Exanpl e 121. 181, 190. 99none+0. 050. 8

31.121
Exanpl ¢
sign |
Tabl e

t he hal
undet e(

220 93VeTy
b Note: In
ndi cates e
|l shows the
ved |l ead f
ttabl e cros

var i
Xpan
res

5 bo

[ ane|

b O Hdrdhels s SIEHrEn&dH

At iknof n
Siiom aadt
ul t s of
Sanpl es
W and ver

bet weel
contr a

T TWo point

ixanSEnl e

B at

1t he shou

ay
ns at

ijgn in

nts d
to 3
strai

oFEd 139
sholdader

di Cagres d
f the crd
i n Exanpl

n (vari ati

TR 28 8dAT
s ofid hi ck

chtpacionen.

of the marks is expressed in terns of an average of

omA

PEL A R

IR EUimd P00 |
opadhtin ddre
(Resul ts
strai n of
very smal |

'nensions

t

or

@ om

hontdl I ON

of. o e 1

bTv party-

A.1e Conpjarasi ve

EXoaT]

hénsshows

+0.afsl ceabl

@.r 0SS bo

t¢dion due [t & 1 nbal an
ness of the thin par

a°1%r ge angl® of

in
SS
‘arg

OWs3 3
and

Pnhs

(as well as tw st
bet weenp_t.he _hardn

(The r&STPETRd vy
i nclina %’%gpﬁl%

Note:

tlheZI ead)|1.22t sh
thnghuck part
e1 Qariatign?tn d

Vel ge S Le

EREll hard
FFEE and

In variation in dimensions at shoulders of thick part, the + sign

indicates expansion and the - sign indicates contraction.

{Results)

Table 1 shows the results of measurements of the cross bow and

strain of the halved lead frame. Samples Nos. 1 to 3 in Example 1 show

very small or undetectable cross bow and very small strain (variation
in dimensions between two points at the shoulders and inclination of
the thin part). By contrast,

Sample No. 4 in Comparative Example shows

noticeable cross bow (as well as twist in the lead). It shows a large
strain due to imbalance between the hardness of the thick part and the
of the {The

dimensions and a large angle of inclination.)

hardness thin part. result is a large variation in

Example 2
(Leveling)

The multi-gauge strips Nos. 1 to 4 were passed through a tensile

leveling machine specified below for a specific amount of leveling.

The resulting samples are designated as Nos. 1-2, 2-2, 3-3, 2-3, and
4-2.

s Distance between dies: 6 m

¢ Width of die: 85 mm

® Length of die: 200 mm

15



Exanpl
a tens
| evel i
and 4

200 15
The san@Zppat

e 2
ile
ng.
-2.

17

e

6

(Leveling) The nulti-gauge strips Nos.
| evel i ng machi ne specified below for a specific anmunt of _

The resulting sanples are designated as Nos. 1-2, 2-2, 3-137 MaL 0k
D st ance between dies:

m

Wdth of die:

| to 4 were passed through

85 mm Length of die:
MAY 2006 (Preparati on of sanples and neasurenent of strain)
SRS N RN Bl

No. Amount Har dnessHar dnessH / H2Cr ossVari ati onl ncl i na- of tensi HL of H2 of bow

of i ntion ofa&t L.t hickl [ S| { o l'in rtpartfraneat part
Mshoul der s %t E%l cimp%?teggggn%?eq%%?%g%%5%%%1??8%%\%&&0. 010, 4
2- 20. 3@.@81. 490. 99none+0. 020. 6 3-20. 41.121. 220. 92Ver y+0. 060. 8 snal |
Conpar gt ve2= 3118k TP STRoNe= Pante O B B A 2t 89t - 2407 B8 b ar o 18- 2243
(Resul §s) Sanpl e| Nos. |df 2en2-{2,H1abfl B- 22 iak Hxanpl e| 2cdecsr easedid N st i@abf of
after cutting owmng to the | gvetliimg {reaitakent. By cohtsdst diSemyploes No.thid- 2
in Conparative Ekanpl ¢-97831%€ || aPyer valPgst of| straijn $4%8A sanpl@ds in Bedhpl e
1 although the value ¢f straifn itsel{ decredses after |eyef Ot’f(éfdeﬁsn
addi tipn, Sanple|No. #-2 sufflered crpss bow|after |fabricatiep,ite |l ead
frame. [Sanpl e No| 2-3[in Conparative|Exanplg showed a chgnge (contnacti on)
i n di mprsdaopns Re{ween{a.go polfnt 83 at [shoul ddescandnafel ncrfease 1 n The. aangl e
of inclination of2t2he|@fin part8 Thils1Ps bgéaise frhecanoynt.odf pl agtic
deformption for {&3sil&? | evali Wy wagt-geeat gf - than VEML Exanpldé 3 0.8
sma
Comparative|2-3 1.18 1.19 0.99 none -0.1e 0.9
Example
) 1.09 1.24 0.88 |Large +0.22 4.3
{Results)
Sample Nos. 1-2, 2-2, and 3-2 in Example 2 decreased in strain

after cutting owing to the leveling treatment. By contrast,

Sample

No.

4-2 in Comparative Example has a larger value of strain than samples

in Example 1 although the wvalue of

leveling.

fter
fter

strain 1tself decreases a
In addition, Sample No. 4-2 suffered cross bow a
fabrication into lead frame. Sample No. 2-3 in Comparative Example

showed a change

shoulders

part.

(contraction})

and an increase

leveling was greater than 1%.

Example 3

in dimensions

{Preparation of multi-gauge strip)

A slab of phosphor deoxidized copper

between two points

(Cu-0.035P)

was produce

at

in the angle of inclination of the thin

This is because the amount of plastic deformation for tensile

d by

semicontinuous casting. The slab was hot-rolled and cold-rolled into a

coiled sheet,

into a strip 110 mm wide.

2.1-3.2 mm thick and 600 mm wide.

This strip was made into a multi-gauge strip

specified below in the following manner.

Width W:
of thick pa

rt:

130 mm, width D; of central thin part:

16

36 mm,

34 mm, width D, of each of outer thin part:

(shown 1in Fig.

width D; of
15.5 nmm.

The sheet was slit

3)

each



(Preparation of nulti-gauge strip) A slab of phosphor deoxi di zed copper
(Cu-0.035P) was produced by sem continuous casting. The slab was hot? MaY (88l
and cold-rolled into a coiled sheet, 2.1-3.2 mmthick and 600 mm w de. The
sheet was slit into a strip 110 mmw de. This strip was nmade into a

ul ti - daG§éled rsErqtshéwd —Pns Py, tigick @paciliP eimbeidRv iwest HOrrer| Bwi Frpgh
manﬂer sfh\é\bﬁﬁ@kvobylmlr@@r Wit ig3 , Ofarﬁfé&tlfiﬂg tan n39@£45oh&6 By Wi gltgf)\.g@, of 1
eac thic of outer thin part: nm
o it ia00h AoRbiian Snlors s Ei0a 5 ThE, GRLE: ChnlEs Tk wiBs had f el by
rough r@hdpéaﬂfg qfbychei kgéck rpddti gy, taanlaaaﬁdnegsabeBﬁ)e 450G frant2 dhpemding

finish _rol (o tting. tir tr es t ess
of the 'Elhl ‘:{29 art angb?he'lL tnlg:g(ggg% he ;%%ﬁ% a%’tﬂ% éendlerll}% Qﬁn%{uﬁ%n
reduct |tGﬁPPﬁatt‘-Ifﬁeokﬁ@§sthﬁ ¥%)i]gil¢l§ﬁabi1 n@hlql*m?sénﬁéafmfgsh tr@ri:dérlat uFablearid t he
reduct is@Bwk Nehdi fkAESS S Nl Niosh thel hiiDg: -gERlke s3ri §HO0VWRo4 hes hag dgessn )

of the nulti Cgjauge strips (Nos. 5 to 8) thus obtained. (Press-punching
test) BREAIBTYthe coils (Nos. 5 to 8) was punched into |ead frames by
a punchiregspraschifbetrpsmiched product was divi ded into four

usi ng
parts in the

WIdthWISEdII’etI n,. The divided frane scutlna th of, 200 mm._ The
resul ting sarrpﬁe \%afs:heéxacﬁ% ied °5r &r 685 *holi® &’ el’—:1 i qﬁ d ér?m?SO.HYtI ng

of sarmulsesgf@r Isirrczl{llmqnmursenﬂme) rﬁnwhentulnnodggugeva$t rcilnp&d(e(dleargwatmiuas
Nos. 5. 4Lo¢8 iR Tah ew§a ol ﬂ TEee; R)iaeas 4ahaut, 300, fm 18”39
were taken from each mu t|- au e strips. Each piece ad“Tts en
(about 509k Oéut200b9nman Téll@ec!t@rﬁllétébar ﬁam%%m@smwhlrzﬁ% fer deems épowvf 0.5
). Thyse these wasqobtpi ned a 200-mm [ ong sanple. Two marks were nmade on
the cut surface, each ouéﬁarlrde the outer thick part. (See Fig. 3.) The

di st anc‘guEEf%éﬂf CREPLGD RETRAR TRARUFEBA™BY using a projector  provi ded
w th an X-Yrmnyi agltabiauge Saaibkg. (d551<ﬁhaﬂ:@dﬁm’ska\ld$er6 nedes D TdE ec )

surface (one_at_th nt er of the dt.h, e e t the undar betvveen
the out" eEr “t Ri kP aCrFt ng]m?et REe5tE e kR 3p®?t al ivd 9on erSacﬁginmgnr‘iy%y ' £ r om

t he edg:efs)theCumt(-lc_Eﬂlgﬁnstang)s wEBaeh npoece r’natdhe-tSI engshwiebeudi p@ctmloncdt t he
five myrks by ugtpg ag?ﬂf%éékﬁn%pa(&}&th”ac%?ls WLhB: & W F €0 di agRf erpfs O- 5

nm . (Measurenent o rain the cut sanple

there was obtained a 200-mm long sample. Two marks were made on the

cut surface, each outside the outer thick part. (See Fig. 3.) The

distance between the two marks was measured by using a projector
{See Fig. b.

(one at the center of the width,

provided with an X-Y moving table. Five marks were made

on the cut surface one each at the
boundary between the outer thick part and the outer thin part, and one
Cuts

each 1 mm inside from the edges). {150 mm long) were made in the

lengthwise direction at the five marks by using an electric spark

machine {(with a wire diameter of 0.5 mm). (Measurement of strain of
the cut sample)

The same procedure as in Example 1 was repeated.

Table 3
NG. Hardness Hardness H1/Hz Cross Variatio Inclinat
Hl of H2 of bow of n in ion of
thin thick lead dimensio thin
part part frame ns at part
shoulder
s of
thick
part
Example |5 1.23 1.18 1.04 none +0.03 0.6
3 6 1.17 1.18 0.99 None +0.06 0.9
7 1.12 1.20 0.93 Very +0.08 1.5
small
Comparat | 8 1.09 1.25 0.88 Large +0.45 6.2
ive
Example
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The sane procedure as in Exanple 1 was repeated. Table 3

No. Har dnessHar dnessH1/ H2Cr ossVari ati ol ncli nat Hl1 of H2 of bow of n i ni oh7 MY 2006
t hi nt hi ckl eaddi nensi ot hin partpartfranens atpart shoul der s of thick part
Exanpl e51. 231. 181. 04none+0. 030. 6 361.171. 180. 99None+0. 060. 9
71.121.'%60993Ver y+0. 081. 5 smal | Conpar at 81. 091. 250. 88Lar ge+0. 456. 2 i ve
Exanple 17 1 7 NMAY 2006 (Results) Table 3 shows the results of neasurenents

of the S10SS bom/an straln e quarter frane anpl e s..5to
7 in EXARRFe3 3ok 0Pl obReiBeaepn of crus en T 087, S S
strai nO(fvazmeatqu@mtereﬁ diﬁ&dlsfoame betampdrst WospoiSntt a"t irheEmm;ére sho&ticders
and i nehi,napi on i B par &) GORLRashry Sapi € N-as8 19
Cowpargglge Exanpl e O&E notlce%5m§5¥¥bsg Eom%éﬁe to]iﬁggﬁl% aﬁé?%ﬁéh t he

har dnes#® oﬁlﬂﬁ%S%QH%H<Hﬁ%ﬁ?eandtﬁﬁe Rattfessitof fife tHIGST péPPU1@q%% radsu| t

|E§ a |a.|i1@§11\{ftflcihlt| QF i Rndi rren@morﬁaxaer)d aB!yar l@n@ﬂ@t«a @hmpnel i RAL | oa; )lﬁl ]
anpl evel i mil ti-ga i ps were passed throug

a ten3| @paﬁiﬁﬁﬂ% ngg%ﬂBﬂ?n ?HECl??éQf SM/?%)SS gﬁgclg?% aifpunfPatance

| evel | bgtwedhetheshdtdmgssafpltese atdctephgnated abeNbsrdbedy &F 24he/-hind- 3-,

and - 8, %ﬁrea ”r%%u'R?t X‘@E’Q Palzeg% ggr%tlé@( dth d% AL Sond- 240 15?@?%5 fo di €:

200 mMm ration o es and neasur ement Cr 0Sss bow an r ai The
sane prodcénatdnads opn) Exanple 1 was repeated to prepare sanpl es and

Example 4
(Leveling)

The multi-gauge strips Nos. 5 to 8 were passed through a tensile
leveling machine specified below for a specific amount of leveling.
The resulting samples are designated as Nos. 5-2, 6-2, 7-2, 6-3-, and
g8-2.

* Distance between dies: 6 m
* Width of die: 120 mm
* Length of die: 200 mm

(Preparation of samples and measurement of cross bow and strain)

The same procedure as in Example 1 was repeated to prepare samples and

to measure cross bow and strain.

Table 4
No. Amount [Hardness|Hardness| H1/H2 Cross Variation |Inclina-
of H1 of HZ of bow of in tion of
tensiie thin thick lead dimensions [thin part
leveling part part frame at
(%) shoulders
of
thick part
Example 4 5-2 0.3 1.23 1,118 1.04 none +0.02 0.5
6-2 0.35 1.17 1.18 0.99 none +0,04 0.6
7=-2 0.4 1.12 1.20 0.93 none +0.06 0.9
Comparative| 6-3 1.3 1.17 1.18 0.99 none -0.11 0.9
Example
8-2 0.1 1.09 1.25 0.88 Large +0.32 4.8
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to neasure cross bow and strain. Table 4

No. Anount Har dnessHar dnessH1l/ H2Cr ossVari ationl nclina- of H of H2 of bow; 7 MAY 2006
of inti on of tensilethinthickl eaddi nensionsthin part |evelingpartpartfraneat
(9)shou| ders of thick part Exanple 45-20.31.231.1181. 04none+0. 020.5

6- 20. 35ReFPitIB0. 99none+0. 040. 6 7-20. 41. 121. 200 93none+0 060. 9
Conparative6-31.31.171. 180. 99none-0. 110.9 Exa

8-20.11, 091. 250. 88 e+0, 324. 7 _NMAY Resul ts
65, arifPls Ris Sn% 82 Atib by i SEPRIR gf @%?reacﬁﬁ cmaﬁa B5tehe.
I evel I ngutitiegt pentg By toat i:a‘s@,irﬁamﬁeetmlant8 Ey casntﬁmsmar Stampde EXanpde2 has

a |argey, %hgsrgélﬁ r@éa@gﬁgaﬂa&maefgr SyaPue | sté lﬁxe%esagnpgl tgyghs the

val ue of strain itsel Ccreases [ eve |n
Conpar atd vie Ex &#plel s hdwetthovghartge Veé‘éﬁlm%cﬂtﬁr@ﬁ)i ﬂﬁsﬁlﬁe‘#@mﬁ@%eﬁﬁm t wo

poi nts @lveshayl devampand @, igRGr ease cofiphher B0l exbpidClshaakion oknkhge thin
part. This is becaus the anpunt of plastic deformation for_tensile

| evel i nFRES2GHEAR ermt AaRenB4°TE piees (% it idttiSort of ShettieGadf¥ st p)
A sl ab {rkh@amm ihitHe 2p@Qenun Mmckinaaﬂdn4@ﬂ0UﬂﬂHﬂﬁmgba®f Cios1 G s because

(CU-0.1Ee-0, oduced conti nu stln The slab
hot-rol héad ?r%%“)t B{ Cﬁlc 1%9 h %ﬁl‘lgi’) f?ﬁe entSlgml \%5% 81 42 o|g|r88te. nt o
a 2.6 nyhanhilgk sheet, Whl ch subsequently underwent heat treatnment at 500C
for 2 hours. The heat-treated coil was cold-rolled into a 2.0 nmmthick

sheet. This sheet was slit to forma 50 mMmw de flat strip for multi-gauge

strips.Expm@le| &t strip was made into a multi-gauge strip by Pilger rolling

and rol [ R@avhtloR & @aved-golde ardig) flat roll. The internediate strip was
continuously annealed at a rate of 13 nis in an annealing furnace (at a

t enperature of 725C and with a 20 m | ong
A slab (150 mm thick, 500 nun wide, and 4000 mm long) of C19210

(CU-0.1Fe-0.03P) was produced by semicontinuous casting. The slab was
hot-rolled into a hot c¢oil, 15 mm thick. The hot coil was cold-rolled
into a 2.6 mm thick sheet, which subsequently underwent heat treatment
at 500°C for 2 hours. The heat-treated coil was cold-rolled into a 2.0
mm thick sheet. This sheet was slit to form a 50 mm wide flat strip
for multi-gauge strips.

The flat strip was made into a multi-gauge strip by Pilger
rolling and rolling with a grooved roll and a flat roll. The
intermediate strip was continuously annealed at a rate of 13 m/s in an
annealing furnace (at a temperature of 725°C and with a 20 m long
heating zone). The annealed strip underwent finish rolling with a
grooved roll and a flat roll. Thus there was obtained the desired
multi-gauge strip specified below.

Thickness of thick part: 1.25 mm
Thickness of thin part: 0.40 mm
Width of thick part: 22 mm

Width of thin part: 28 mm

Overall width: 75 mm

Angle of side wall of thick part: 15°

The intermediate multi-gauge strip was rolled under different
conditions so that the thin part varies in thickness. Annealing was
carried out under different conditions so that the amount of softening
varies. Finish rolling was carried out under different conditions so

that the amount of work hardening varies and the hardness of the thin
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heating zone) . The anneal ed strip underwent finish rolling wth a rooved
.roll and a flat roll. Thus there was obtained the desired nulti -gauTngﬁ Sﬂﬂﬁ)
speci fied bel ow. Thickness of thick part: 1.25 nm Thickness of thin part:
0.40 mm Wdth, of thlck part: 29 mm Wdth of thin part: 28 nm Overall.
‘Wi dt h: p?Strrt‘ff‘ﬂh%?e Brls d% WS ofhe rﬁ’l‘,ll@kﬁﬁﬁ of5thpethhtler Rl atd thin

nul ti- gawge siripheas inekteddimder wliffiegante cevdipi oasdsothbat rihesHdd n
part var '1%5 |Ep t hi %kness Anneal ing was carried out under different

condi tions so that the amount of softeni ng varies. Finish rolling was
carried out under different conditions so that the anpbunt of work hardening
varies apg.thie hardness of the thin 19 1 7 MAY 2006 part varies. Table 5
shows the thickness of the thick part and thin part of the internediate

mul ti-gauge strip| &dRd ﬁéteFi“?ﬁls"‘ﬁéd“U1ﬁﬁT‘iaiu9@< ugeFiRiphes rhbl @agge
No. I nt <3r“n§d[:31th_ nul ti - cmgg = ft'.. "‘l‘ﬂ 1;@1”35%; ,’a"’-@inst; r:tﬁt: TR 4rt Thi ck
partTh Ay Ty t.: |g<‘1| Anlé.}.\azg’\l%&pn DIUT Gy 9o '0”!’4’0:&& |‘||’: LN
Conpar « A THHL- 00 #0 IHulqﬁr%HIE)dHMIQG B A3, 60 o140 mml. 25
mm ( Me@SUEEmEDE  Of 11ar [dN@SsId mhe| NULI40 @mU0¢ ST 4D o CPRT ed. 2 nemnt|i oned
above was exam ned for the hardness (Hv) of the thin part and the hardness
of the &%lck art F éesults are shown in Table 6. In this exanple, the
thin parf> ’h Ei“r’fec'lfh BKYBHY have the sane hardness. Sanple No. 10 in
Conpar ative Exanple is characterized in that the hardness of the thin part
is nmuch gre r of. the i ar, I; S h duciion
in thi cknes?hlg's mhli%? &%&?}&% h%atgrltlh Iﬁg%dj%ége tatﬁe n}e}];?érg?r% |a?8%I ﬁ?g gg%ﬂlg% sc{ri p,
t he andgmt tbf bafdrsng(Hvg ofalthe thimnpaat iang thed hardneedueti thei phick
thi ckngsstl, nmﬁé n;_leséwtel LE8gshSun 5@ @gp{ohg Chrf ec%q'st éxarﬁbmlcfth\éortlsm part
harden:ilrngl e No. 11 in Conparative Exanple is characterized in that
t he nég% U?lctkhéafhllﬁ?‘ﬁartthel samplarenegfan that of the thick part. This

Sample No. 10 in Comparative Example is characterized in that the

hardness of the thin part is much greater than that of the thick part.
This is because the reduction in thickness is small in the rolling of
the intermediate multi-gauge strip, the amount of softening is small
in annealing, and the reduction in thickness in finish rolling is
large (which results in much work hardening).

Sample No. 11 in Comparative Example is characterized in that the
hardness of the thin part is smaller than that of the thick part. This
is because the reduction in thickness is large in the rolling of the
intermediate multi-gauge strip, the amount of softening is large in
annealing, and the reduction in thickness in finish rolling is small

{(which results in less work hardening) .

Table 6
No. Hardness of thin Hardness of thick H1/RH2
part part
{H1) (H2)
Example 5 9 120 120 1.0
Comparative 10 145 120 1.21
Example 11 104 120 0.87
(Results)

The multi-gauge strips in Examples and Comparative Examples were
fabricated into lead frames by continuous stamping. The multi-gauge
strips in Example 5 posed no problems with stamping and the resulting

lead frames had no cross bow. By contrast, the multi-gauge strips in
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i's because the reduction in thickness is large in the rolling of th
internediate multi-gauge strip, the ambunt of softening is large in 1 7 MAY 7006
anneal ing, and the reduction in thickness in finish rolling is small (which
results in | ess work hardening). Table 6 Hardness of thin Hardness of thick
No. par tCOE‘B?FaHIWQ-lZE’(ml(eHZ‘FCE)E&I@pItéieSQ?Lt%M Glleonﬁé}dat?%lé)‘lﬁlmbllezﬁﬁ
Exanpl eki4041284q 8% (Resul 1s) J@efdneldtl cgauge S i p@d n dwiafpl eshand is

Cowparatlv wer e fabrl nto lead fr con i nuo
st anpi 1§ F TR ﬁéﬁﬂrt%D fge* %%lps |n Ex%ﬁ%l 6825 8%8?08| Kﬁ?WPle
st anpi ng.anid) theU$@®um¢|pmpbﬂawadwhmanssammmhqubunwﬁhﬁlnmmchly @eadré&&meahe

mul ti-gauge 84 rdil g%hknchEQ-BGJWKY 2006 Conparative Exanple clogged the
st anpi ng di e, anped lead frame (Sanple No. 10) suffered cross bow

and twist. T\ﬁpgrﬁisng ab®ritBat &5FEckD dreerticEsi dial 13t Peg3ibImetoruPErdiffuge

strip @oarpltgaud¥o. stJrll)pscallésr@dgna Rmabi emsumt&\f stadiiud itrekBe (E\éﬂé?ﬂejd |ead
frames _ suffered S|I8ht CrqQss bow. %cordlng éhe pr.esent |nveng|on

possi bI%¥ o BHIdTEE I FruI T EFuge EHi B§ehdv1n§r8 e ¥ SYouRRd ofY 1F g?dd&1
stress;@sbsamgw traSs¢htonl hourgamge ahdi pscrciontlr Bbséebl mpreduatevihyy atd

yields j 9 sB[}f?g?fge?f d:‘n{a%@ms%%h”%”éié}% 480 tenm ”a?‘ét agsenlLog, bﬁ%oause

t hey do - ot su tiron such as on atron, Cont réctlon
cross Heow, amddviwitst . The nul ti-gauge strip of t he present invention is

rolled such Thteh%{ulttlﬂeg§1§%@s§tg pstastb%é 09r¥§é1’1@511f1\'}&m.f3ﬁe i PoP}?é& é@cht he
thick part. Therefore hin part has a hardness of H and the thick

part H&4ta thr §/888S of i DX M OPhARTERE EBPT otle FP%%QP?%tlﬁoth%erE%ﬂ%<of
0.9 tophrb. Tﬂiléxfieﬁt&|euetﬁé|ggle_ﬁ{ partahabhg madddesgaygenstind dms th&d@%@ﬁ@' y

chetinted Gesldbal o eSO AL e Ao BT LY LANeLo LR,
0.9 to 1.5. This walue suggests that the multi-gauge strip has
adequately distributed residual stress, and this wvalue also permits
one to Jjudge whether or not the residual stress 1s adeguately
distributed.

According to the present invention, the multi-gauge strip is
evaluated by measuring the displacement between two points (which
occurs when cuts are made in the sample as specified} and by measuring
the angle of inclination of the thin part. The results of measurements
permit one to Jjudge whether or not the stress 1is distributed
adequately at the position where residual stress tends to accumulate.
This permits one to judge whether or not the given multi-gauge strip
is suitable for further fabrication.

According to the present invention, the multi-gauge strip is
given a tensile stress which brings about plastic deformation in the
range of 0.05 te 1% in the lengthwise direction. The thus applied
tensile stress levels the multi-~gauge strip having residual stress and
hence minimizes residual stress which has accumulated during

manufacturing.
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di stributed. According to the present invention, the nulti-gauge strip is
eval uated by neasuring the displacenent between two points (which occurs
when cuts are made in the sanple as specified) and by measuring thé7dﬁﬁ1@%
“of inclination of the thin part. The results of neasurenents pernmt one to
j udge whether or not the stress is distributed adequately at the position
 where residual stress tends to accunulate. This permts one to judge

whet her ofHABt 1§ helLyiMen hBFti-gauge strip is suitable for further
fabrication. According to the present invention, the nmulti-gauge strip is
given a tensile stress which brings about plastic deformation in the range
of 0.05 tb- 1% * nmuhel teavgehwitsdPdiviéBt iforfroFhe seRGscapphiel hagnsn¢ eostress

level s theoml tirgaygec Stehd BAYI BY HRSLAYAl cRt LaSesand nBgNGe pLYi AL zes
resi dual stress which_has accunul ated during manufacturing. 21 1 7 MAY 2006
WHAT | S CYNWNEDDYS: rellangml t¥itfaug@ist r FEPSA t P& TéPBssPSERT i G WRERAY has

one or  nB&A:thiolsPaht shante AN QeMal Bedticik RALER £Or ARG A0S ht $n W dth
by rolllngr,1 with said cross section being uniformly continuous in the
| engt hwi sBNfi ridd in, 2afli dhifs PaRar BRt e? | 2REANSSs (Hatllt R8@dortheall EAFR part

has a har gngss @frtHhagnd hiear¥sseaghn2 hi ok paet Rascachandnes $eahgHzn with
the ratio of HL/H2 being in the range fromO0.9 to 1.15, wherein an inner
thi ck par En§ S39enE8°mt" @h nhet portion of the width and an outer thin

part is formedyidrgachnodhgér sthesiOharthesi roweied RitCknpanker aguttalagr gen a
central thin part is formed at the centre of the wdth and the inner thick
part is t e SEEHNaEEd RRcRUPEF t SN ¥ brRfgd 1Sy ARETee cat | S2Th BttFersidpdafof the
central thhé palelr. tRiclA gadt,i agauge strip defined in claim1, wherein when
the multi-gauge strip is cut _at one of ifs ends and in its |l engthw se
direction for HYSrarfceBEr2l2 PO 5PRT es® i tGUERF dtS iSF@ oSt t Fofs
across theistidtdhofchbhensét i fhi dN@adt Lheceedidfaratet hRicw hits Eddemall each
boundary bet ween [

_ tzf out er, %gln rts and the uter sides of the inner

thick par EY"VSHd 16RE €athh St ﬁesg%? &t t ag‘éerbtf’:ag‘ac?ﬁlliu?%’?tt hin part, a

di mensi onal variation of the cut end of the strip is less than a

predetermyned arougt 3., A Ml Li; 08488 8 1P WAMk & O QRS ST LRD, Wikgh has
multi-gauge strip is cut at one of its ends and in its lengthwise
direction for a distance of 1.2 to 5 times its width at five
positions across the width of the strip, one at the center of the
width, one at each boundary between the outer thin parts and the
outer sides of the inner thick part, and one each at the outer
edge of each outer thin part, a dimensional variation of the cut

end of the strip is less than a predetermined amount.

3. A multi-gauge strip with a cross section which has one or
more thin parts and one or more thick parts formed across its
width by rolling, with said cross section being uniformly
continuous in the lengthwise direction, which is characterized in
that the or each thin part has a hardness of H1 and the or each
thick part has a hardness of H2, with the ratio of H1/H2 being in
the range from 0.9 to 1.15,

wherein an inner thick part is formed at an inner portion of
the width and an outer thin part is formed at each outer side of
the inner thick part, and

wherein when the multi-gauge strip is cut at one of its ends

and in its lengthwise direction for a distance of 1.2 to 5 times
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nore thin parts and one or nore thick parts fornmed across its wdth by
rolling, with said cross section being uniformy continuous in the1'7MAY2%ﬁ
"l engt hwi se direction, which is characterized in that the or each thin

has a hardness of Hl and the or each thick part has a hardness of H2, mnth
.the ratio of H/H2 being in the range fromO0.9 to 1.15, wherein an i nner

t hi ck parttsswidtmed dtivanrpaieronzorciroas ofhe twalthi dfhthadsanimuteere thi n

part 1S Tendedonle.2ach oM &1l Bl JNRANGLuhBLEN. PoldecfdNGLELN when

the nmulti-gauge strip is cut at one of its en ini1ts | engthw se
directionthor padlistaitethsf outert gigepi st ingenpvh g0 4dnts windt lenat five

posi tions.agk0ss the wucéw Yagkh sStdddd Qi@ ratenithe,Lanter gindhe gt h,
one at each boundary between the outer thin parts and t'he” outer sides of

t he i nner VERI K Part, thAd-OnendeaEhtht HdPodfetetYddanf 2cRERCVLAKILINERI n

part, a dipgegasi onal variation of the cut end of the strip is less than a
predeterm ned anount. 4. A nulti-gauge strip defined in claim3, wherein
the inner thick part is a unitary thick part formed at the centre of the

width. 5. 4A nmuhthnoaugRustr sPr defdatedelini€l@iain2s, 3 o wflerdheraid iher

di mensional variation is a variation of the di stance between two poi nt's
whi ch ar e *8y#feb?Ticat s wh t Kt B3pect? %Q?tﬂﬂ%tcéﬁFQPdo?ttﬁ@e'ﬁﬁﬁﬁﬁeaﬁé fthe

pr edet er mypgeh anount is 0.15 nm 6. A nulti-gauge strip defined in claim 2,
3 or 4, wherein the dinensional variation is a variation of the angle of
inclination of one of said outer thin parts to a base line of the inner

thick past and hhetpr@d@eersmrmgdd@ﬂmm inS Aaif. 2A Bebhod, ofhdasihi rgef or
resi dual stress in_a multi- e strip, .the strip having a cross-section
whi ch has OB HPR0r &3 AR R riba ¥ 52 aldf t5ttd °8r Ohpi8et A EkATET RS HEEGs St s

wi dt h whi gbigfe wrﬁmmeﬂré)ysmdum@aal eight kespeagt Bookthkheestetporsand cross
section beLQ un%{ E % $nt|nuou§ in the Iegg{?mﬁse direction wth an

i nner t hi k9PAr"S SP el &1 T AR raTﬁﬂqﬁ 48 BfLIA®width and an outer thin
part formed at each outer S|de of the inner thick part, the nethod

| udi th cutt th I ti - t t foit d
and in | ES | ohgt RN SEUIELEERON ForE it ahaghof: 13257005 vivaen the® °C°

dimensional wvariation is a variation of the angle of inclination
of one of said outer thin parts to a base line of the inner thick

part and the predetermined amount is 4°,

7. A method of testing for residual stress in a multi-gauge
strip, the strip having a cross-secticn which has one or more thin
parts and one or more thick parts across its width which are
formed by rolling along the length of the strip, said cross
section being uniformly continuous in the lengthwise direction
with an inner thick part formed at an inner portion of the width
and an outer thin part formed at each outer side of the inner
thick part, the method including the steps of:
(a) cutting the multi~gauge strip at one of 1ts ends and in
its lengthwise direction for a distance of 1.2 to 5 times
its width at five positions across the width, one at the
center of the width, one at each boundary between the cuter
thin parts and the outer sides of the inner thick part, and
one each at the outer edge of each outer thin part, and
{b) measuring a dimensional variation of the cut end of the

strip, and
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its wdth at five positions across the wdth, one at the center of the

wi dt h, one at each boundary between the outer thin parts and the oQt/eMAY 2006
- sides of the inner thick part, and one each at the outer edge of each outer
thin part, and (b) neasuring a dinensional variation of the cut end of the
.strip, and 23 1 7 MAY 2006 (c) determ ning whether the neasured variation is
| ess than a prfedetéetamddiagpunethsd. tAenpethodreaf vaestibngn abs defsisnedann
claim7, wherei Ik [ variation is a variation of the distance
bet ween two p%ﬂﬁ%%ﬁﬁﬁ?%ﬂggiéﬁgﬁﬁﬁétrical with respect to the center of the
wi dth and the predeterm ned anmount is 0.15 mm 9. A nethod of testing as

defined ip. cl 3 MEenyelsdl neddingdi aenabenaly vani aign [ 5, a,MaELali efoof the
angle of inclination of one of said outer thin parts to a base line of the
i nner t hi ékergdonaindatrhat reddat e marddtanpunf tBe4digyance between two

points which are symmetrical with respect to the center of the

width and the predetermined amount is 0.15 mm.

9. A method of testing as defined in claim 7, wherein the
dimensional variation is a variation of the angle of inclination
of one of said outer thin parts to a base line of the inner thick

part and the predetermined amount is 4°.
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