A METHOD FOR MANUFACTURI NG AN | RON- NI CKEL- BASED ALLOY
THIN STRIP - 1 Technical Field The present invention
relates to a nethod for manufacturing an

i ron-ni ckel -based alloy thin strip used for |ead
franme materials, |ead materials and so 5 on
Background of the Invention Various nethods have been
di scl osed hitherto for manufacturing a | ead frane
made of an iron-nickel- 10 based alloy strip. Anbng
them the docunents which focus on heat shrinkage and
residual stress include JP- A-05-109960 and

JP- A- 06- 145811, for exanple. JP-A-5-109960 di scl oses
a manufacturing nmethod conprising steps of: 15 (1)
cold-rolling an iron-nickel alloy or an iron-

ni ckel -cobalt alloy to a sheet having a product

thi ckness; (2) then, slitting the sheet into strips
having a product width; and 20 (3) then, annealing
themfor renoving a stress due to the slitting, at a
tenperature of 600 to 700C for 1 to 3 mnutes while a
tension of 5 kg/mm 2 or |less, preferably 2 kg/ mR2 or

| ess, are applied thereto. On the other hand,

JP- A- 06- 145811 di scloses a 25 manufacturing net hod
conprising steps of: - 2 (1) rolling a sheet for
finishing; (2) then, slitting it into strips; (3)
then, annealing the strips sufficiently for renoving
a stress due to the slitting at a tenperature 5 in a

rangg gETg%% %@ 708G uFARG NS YR e N dorET- S BASED |

straightening t e strips by a leveler, as oppose

the foll ow ng procesgesowhrghyhadreen theretofore
enpl oyed: 10 (1) hot-rolling a plate of an iron-nicke
alloy; (2) then cold-rolling it; (3) then annealing
it once for softening; (4) then rolling it for
finishing at a reduction rate
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of 50% or less; 15 (5) then shearing (slitting) it to
manuf acture strips having a predeterm ned w dth; and
(6) subsequently, annealing the strips at 600C or |ess
for renobving a stress due to the slitting. 20 Sunmary
of the Invention As describegd above, the nethods have
been conventionally enployed in which a steel strip
with a product width is annealed for renoving a
stress due to slitting. These manufacturing nethods
have the 25 follow ng problens. The technical idea of
the conventional nmanufacturing nethods intends that
the stress due to. the slitting and cold-rolling are
reduced by a heat - 3 treatnent as the | ast process.
Hoeevrericatheéfieéh® strip is heat-treated after being
slit to the product width, an undul ating defornmation
occurs by a Tet qasesoit t hevest iessreWhted tesal hekhod for
degrading a flatness of the 5 strip. In addition, when
amgnwtaqayr igig san i peewfnickel neasedattlayt thibeshyip
slit to the product wwdth are heat-treated at the
safed ifRE, ket orans drat embnks t heeadtPapsriadst ARe BP
is difficult to control themstably. 10 In addition,

i ©"i*s unavoi dabl e that the strips are deforned and
damaged, because the strips neander in a furnace.
When the strips are heat-treated one after another,

t he QR eE of o\'{hhee t.&nsion control and the

meandering do n ari'se, {ﬁnproductivity s 15

signi ficant g Iy S+ HOWS hdde I15edh WISLiosed hitﬁgato

di sadvant age of the conventional manufacturing met

| Fowh @ uHld RS P a AR BhOmd £IOYE Neh &1 84K E8Sckel -
after slitting, that a stable heat shrinkage due to a

Sbhableel 2eNiyoRstadnt.r olamth@rchen f et asscurmsut & esh{ e

| ead frame naterials can not be obtai ned, although

t Heocsisr @ss hetaee tshrtivecacs idrtd nge Clatudie gtecthicedi byl tde Jp-
heat treatnment. In JP-A-06-145811, straightening by a

| &y@Petrl 0 %96 Os giyse iRt 06 P F8rivefam exradewle 0 ensure

the 25 flatness. However, the heat shrinkage can not

be contr ol HEdAstOat| AP %) disHliaseas abavanuliacigering on,

amethod comprising steps of:

(1) cold-rolling an iron-nickel-alloy or an iron-
nickel-cobalt alloy to a sheet having a product
thickness;

(2) then, slitting the sheet into strips having a
product width; and

{3) then, annealing them for removing a stress due to
the slitting, at a temperature of 600 to 700°C for 1 to
3 minutes while a tension of 5 kg/mm® or less,
preferably 2 kg/nmﬁ or less, are applied thereto.

On the other hand, JP-A-06-145811 discloses a

manufacturing method comprising steps of:
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| ocal residual stress is generated in the steel strips
slit to the product width, through straightening the -
4 deforned parts in the heat treatnment with the

| evel er, which may | ead deformation after stanping or
etching for fabricating a_lgad frame. \Wen the strip
has a conventional narrow 5 wdth in the order of 30
M oOr 4&ssing he stedP £8P PeniypeHgeven for a | ead
frame material, for exanple, although it has sone
ungul athés. s Howemes , i becatsest wiggni ng of the strip
is required due to a recent increased efficiency of

| G3) tdre=y dirthd sl 68y MhOrsepigs 16usoithahtay for
requi renent for flatness beconmes stringent.

Themefaimey d tstiseserquaifdicubt st ptebsyr att hetEhpknassre
by the conventional manufacturing nethods. It is an
objrect wingeheHpreFento i M@ eamd o provi de a met hod
for manufacturing an iron-nickel-based 15 alloy thin
stird)p Ee TN lebd Srzaeoheerinal shel ehdipatbyi al s
and sao on, which can particularly solve the problem
ofl&e Sfeat shrinkage and realize a superior flatness

even for a wwde width of, for exanple, 60 mm or nore.
26 STIR® O it P T PRV RS FRH YhiGh ohadt Rgen
above %%%ﬁgbed robl ens. The present invention
pro&%é%s & et Fo1 * manuf acturi ng an

iﬁggg;)géo%@ﬂo-ﬁ%gé ag'tarlgalvtge; o st flilp?xil-&h%eeg gaifsy,-

conpri se tening a na

cqlg- relded 3hest, by & |gvel er; then annealing the
strai ghtened sheet for renpbving a stress thereof in a

Camhi YRS adHeealing furdace randdemsigi ting the
sheet into strips. - 5 Preferably, a tension of not

myde tham 20 1NiNMVRH Sapaireidkiind her sheatdwbenoh heate
sheet is annealed for renoving the stress in the
cort iSBGows dmmeal ing furnace. 5 More preferably, the
sheet is annealed for renoving the stress at a
t depertdedr ehieg rancargd idft 40 it tzsonatufagities noteips
in the present_ invention, it is

having a predetermined width; and

(6) subsequently, annealing the strips at 600°C or less

for removing a stress due to the slitting.

Summary of the Invention

As described above, the methods have heen
conventionally employed in which a steel strip with a
product width is annealed for removing a stress due to
slitting. These manufacturing methods have the
following problems.

The technical idea of the conventicnal
manufacturing methods intends that the stress due to.

the slitting and cold-rolling are reduced by a heat
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preferable that the sheet is slit wth a cooperating

10 pair of upper and lower circular cutters and that

each circular cutter has a dianeter of 750 tines or

nore of a thickness of the iron-nickel-based all oy

sheet to be slit. Mre prefgrably, in slitting into
strips, an 15 overlap of the upper and | ower circular

C Y t-erSd 9 t Lckne he ;
e Hacdl 2T oy “Sheel to By Sret: “fpen the strip
prief a8 COMMOsididy Aeihe 100-pbckek - Pagad alkayn,
in the present invention conSists of, by %O nmass

PeiC eitfcu 1301 HEPI: Advaih i A0 &fc6As DO, aNPL18REE haPhe
1.0% of silicon, not nore than 1.2% of manganese, 30

t @t3@%sof whickelre it the dhalensendpei ngl g55€88i aFl ¥he
iron. By applying a manufacturing nethod according 25

t sttri@.present invention, the problem of the heat
shrinkage can be nore certainly solved, and an iron-

ni ckel - basednalddgli ttikim sthrémp avplueakiperodbrsttapaess
can be obtained. Consequently, an iron-nickel-based -

6 thgl meyeriiad sstadite rudeed fors 1idadt 6 rigve mee@wdtl width are
lead materials and so on, which is inevitably
slispéctegated mtctder AR dtingy, s beny eeafy yamong the
obt ai,ned. The limtations defined in the present 5

i AVEAPPon SR M afe 1fed iPdd i+ et | CHE o etbr A igly -
to_the present .invention, .a finall cal d-rol ] ed sheet
;0 F%‘giléﬁf’@ne&tbﬁsaW“&Vé%leq’a%e et S itRs are

| 6@BoReke LnBasat R0y SN iR uaBh Ll d gl Lo 5
frane material s, ad 'naterials and 5o on in Lo or det

toyepguee thgchl ahkess Liher eofe }?égtimaetﬁéaea e ldBrer

sheet is annealed for reffoving a stress thereof in a

canbtAERYS tABNeabbNanfsUcTaGhe Hithsi@Y St rd BfEd athe
to herein is an apparatus for applying certain

teashershyeds hotaarisest erlt Fherfuddiing is

| ongi tudi nal direction over the entire width thereof
seignifoceandel raddicktlerence of the length in the
strip. The leveler actually used in the present

i nvention i Shppef écabby aa wicarsdi oli dagimsingrags wf the
consideration of the thickness of the iron-nickel 20
basBueEF Ltahat hiransfpEEUrAngomsitied |1ay athdichf Gt iygrh are
annealed for removing a stress after slitting, that a
stable heat shrinkage due to a stable tension control
and a flatness required for lead frame materials can
not be obtained, although the stress due to the
slitting can be reduced by the heat treatment.

In JP-A-06-145811, straightening by a leveler
is subsequently performed in order to ensure the
flatness. However, the heat shrinkage can not be
controlled stably as described above. In addition, a

local residual stress is generated in the steel strips

slit to the product width, through straightening the
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bendi ng and tension nay be al so used. The tension may
be in a range of 50 to 500 NV mm 2. According to the
present invention, an iron- nickel-based all oy sheet
having a wide width, for 25 exanple of 300 to 1200 nm
can be annealed for renoving, a stress in a continuous

anneal i ng furnace, because i i s anneal ed before
bej id [ ing dye L eEh:
T s e b R P s ggeter,
ovefidihensptidey idktdreit ide dresrnickgbi1Pgsed <akbhovg
sheet, which allows easy control of the tefsion as
camarfed middt trhe Laseaaherame pl ural ity of steel
strips wwth narrow w dths are passed at the sane tine
5 in the fumieae.thAs strigstds £omvenénhonahal ogakrow
variations of the heat shrinkage in the
i mwoatl ckelthrasedieat |y Fhewt ocahede, stlppressed, csn be
that a stable heat shrinkage is obtained.
Fursteise evsre, fareeénderdchf wfma eatneat bl al feaneg8mpkeal so
easily controlled as conpared with the case 15 when a
plRdEIGUah ¢t ihasn-samsk eindiblsatol e s oy Heweverrilpecanse
passed at the sane tinme in the furnace, and thereb
t W& d58s€i%iAh (S Gt tdét orinetgBh 8 Weralge 2 neeeertcan
be also eljmnated. Wiile a typical continuous
ARFEARTRETT (iaca 19 (Ho reedi® MHRHE i b7 63rwpeor more
verti.cal. qQr horij.zontal, . a tension can be controlled
| RCbSTR F Or AALRE it Fe £ e IR AT QR of oL T 1ngent
| FREQUIERG LT 8@"9}8' ey %rﬁi'cq.ﬁl@rﬂé/’e L \?\“hlyeerﬂt%alless
conti nuous 20 anneal irig furnace is used in i ch e
| 8R9ichdicBalyendiieGhi QR A8 SRPImsiiRfls 1 S
vertical, the slack of the steel sheet can be
suppressed s@ tikatina oMgketStablthe heals sty i k@geisn o
obtained. It is preferable that a tension of not nore
2brbkane2@ Menhdd <oapplaned aloa dieshaeti johitieckel -based
furnace when the sheet is annealed for renoving the
stlésy. thin sheipremsiedn fiog ilearchifsamenges tdhies hTreatlead
shrinkage generated during an internedi ate heat
t PehereAl s- agd ger por mvlliich gees pasttdriley lar shuiiengche
nanu%icturin% of  sem conduct or packages can be

i 28d%So P

nPRP Raflegt shrinkage and realize a superior
flatness even for a wide width of, for example, 60 mm
Or more.

The present invention is provided in view of
the above described problems.

The present invention provides a method for
manufacturing an iron-nickel-based alloy thin strip,
wherein the method comprises: straightening a finally
cold-rolled sheet by a leveler; then annealing the
straightened sheet for removing a stress thereof in a

centinuous annealing furnace; and then slitting the

sheet into strips.



i0

15

20

25

def ect due to dinensional variations is nore certainly
prevented. 5 If the tension in the furnace is nore
than 20 N mR, the heat shrinkage increases when the
internedi ate heat treatnent is perforned in the press
stanping, for exanple, so that_the defect due to the
di nensi onal variations is likely to occur. Therefore,

10 the tensipreddrdde, fusngegsisn! bai hed h8rbBethgh 20
nmore than 20 Vmm 2. On the other hand, the | ower

| iNvinim®ofi st Bep ltiedsiten tehangrs t a/aTE: Xt &t e HepenshRgal eq
on whether a continuous annealing furnace to be used

| foremdneatimgy tie horieontah . tiorcexampheusWagAealing
vertical furnace is wused, a sheet can be anneal ed
wiftuhrougtcet.ensi on, because it nmay hang down by its own
wei ght w thout applying an additional tension.

However, inMdr@vrofefstraiblyt ytiod shéet piscesseale8 for
Nmm 2 may be the lower Iimt for both 20 vertical and
hEEFPIIEEl ther fddess aifd & tomeontire ainrangenge ¢ft 400
15 Nlnm.2 is preferably enployed to obtain the above
d&Scr'iPeli- ef fects nore certainly. It is preferable

that the abgye escri bed , annealing for renmoving the
stress is pérforEd 4t a 125 temer It et PReAt +ahgel bf 15

4 75QC. hi J ff f
"B IS ABLS LR Al e Lan0E o S LEE aRlng
gggirsb&ahggte%n L% %g,(?gcetcg%fgg%%dﬁ&@éf; erabl & 5+ %ach

nmper at ur range I s e anneall hg tT1ne

”&Xr@ﬁl%@lFQt%%Q_%%%O%d%iéMHﬂé%téﬁiiédﬁi#ﬁbgoér more of

specifically limted here. In addition, this anneali ng

may the craeker BEdthe iifch-rAUGE NG AIHSPNESE VN0 be
dew point of -70 to - 5C or in an inert gas such as
nef.idgen. The at nosphere can be sel ected dependi ng on
required properties of the sheet. For exanple, if it

i s inportantotre pmprevebdorr dsi arliresirst ances pet sy, an
it 1s_nore advantageous 10 to anneal it in an inert
gagerwap| efakhef ppperopndplevent iqig crlsur fadeeherionfs to
f 891oxidation,can be primary provided when anneal i ng
i% Fnch Fggugpﬁﬁknggﬁogﬁhéhg iron-nickel-based alloy

sheet to be slit.

A preferable composition of the iron-nickel-
based alloy in the present invention consists of, by
mass percent, not more than 0.1% of carbon, not more
than 1.0% of silicon, not more than 1.2% of manganese,
30 to 50% of nickel, and the balance being essentially
iron.

By applying a manufacturing method according
to the present invention, the problem of the heat
shrinkage can be more certainly solved, and an iron-
nickel-based alloy thin strip with a superior flatness

can be obtained. Consequently, an iron-nickel-based
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According to the present invention, after 15 being
anneal ed as descri bed above for renoving the stress,
the sheet is slit into strips, for exanple having the
product wdth. In the present invention, because both
the flatness and the heat_sgrlnkage are inproved
before 20 slitting into strips, it is desirable that a
SIS ithid W Lxcesséyetyr apphlied Loe thg, Shegs i
int?ﬁ%g i nto s%éips: Amy%net%od h ah?cﬁ tEe Sheé?ad
Catheidlid 4 Oso SdA ] Pk D 8 SHBLLt8bT9SSubhbted to
exanpl e by a | aser beam nachining, may be used, but

| niicy ccanrani @ide, stdd BS tbeasheebbrhthea,
cooperating pair of upper and lower circular cutters.
Each of the ipperimintht 0wes gefindarigcutherprebont
slitting has preferably a dianeter of 750 tines or -
10nvieorte cof wiHel the clemssipdd t e deoai hilskebwbased
alloy sheet. This is because a shear angle nay becone

| arge so tRacambirgudlio sthegsreseneatesennishj t&i Agnally
into strips, if the diameters of the cutters are |ess

t ReAI5 rrddad Ml inhewirkahienekressa Twelerntohe
present invention, the diameters of_ the upper and

| SWERLIGNEM e it ik o igdeal Loy WetR, strip used
pref er abl f900 tines, of the thickness of the )

| FO- MiCEReF 68 A9 0y Sheet®dth et +3® and so on in
signi ficant]| 10 .reduce .the stress due to,the

PR ng " er S i R | S e b pare seRiE ter

| ower gleuliar cutter Q. 50% the sheet ;
th?q%k_rs}ess to fGrt her efde upreqﬁngo‘;sjtq} S5 Sg'{fee%]so ?E%re(}f tn
shi tbhRgnublist heirevanhap dgiglLases, a shear angle 15
becormes | arger and thereby the residual stress due to
the slittinghiencneasgser frdfia auerd amd.S 100 s |,
the cutters can not cut the sheet conpletely, which
repphtrstius shirt ageflleding, cErea'iin ey igkelsthasad @ | oy
referred to 20 herein neans an alloy including iron
aftlealckbkess inmajher leingriemtds nalhelitnauitdaln corgosttié on
is such as an alloy conprising 27 to 52% of nickel by
nas§iper veAth Zhereld ol ascd baanredssetiffidnerncomt
an _allo further including not nore than 7% of _
cEP‘anﬂ-aﬁﬁtBr 18nths grrdy -of TogodESVEdESh@aior o exgerhinin
20% of cobakt.for . . .

the present invention is preferably a tension leveler
in consideration of the thickness of the iron-nickel-
based alloy thin strip. A combined leveler for both
bending and tension may be also used. The tension may
be in a ﬁange of 50 to 500 N/mm?.

According to the present invention, an iron-
nickel-based alloy sheet having a wide width, for
example of 300 to 1200 mm, can be annealed for removing
a stress in a continuous annealing furnace, because it
is annealed before being slit into strips having the

product width. Thereby, only the sheet's own weight is
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t he above described nickel. Anong them an all oy
consisting essentially of iron and nickel is
preferable. The preferable - 11 ranges of the

el ement's included therein and reasons therefor wll

be described bel ow. Carbon: not nore than 0.1% Carbon
is an elenent inpairing the etching 5 property of an
i oneni ) t hi (rip Lch )
LRI AIeP I3, A g LB £ PR ML MRUBY-ppoec

canbeR, ishedaf i natk 410 DEIHPE ORES égﬁﬁrog'a%btﬁgetension

preferable upper limt of carbon is 0.03% Silicon:

nels M addan i o mnd-danoanese; pl9raotpore thag)
1.2% Trace anmounts of silicon and manganese” are
centrdigred:ivh arknran-wi gked - Dasegh asé@yat ot hth8zame time
purpose of deoxidation. If they are excessively

adaedhet Heynaaree |ikely to be segregated. Therefore
silicon is 15 defined to be not nore than 1.0% and
manganese i s defigwmdt,0 denveit el thacal. 28 riations of
Ni ckel: 30 to 50% Nickel is an elenent significantly
afthectieny stirdnkaga Her ndle elpamsi brkpl opesey, abkogusbeet
it acts to 20 adjust a coefficient of therma
eXPANSFOFIPRHES 3Kk iSOl Stizkel htabyshhinksgei ps
is used as a lead franme, for exanple. |f the anount
oPPHARER - s Figddemmpns 3awarsie idie thamhsougtanial can
effect of lowering the . .coefficient of therm

eXpafisiton &8s B’pég’lnst.r%l SR FLHyethe case

28?1%2' Eg&? %téllg:}l %%f ii@g)q]—tn%&eel—%oast%)cil )5/%)/%%)2[@;1]?5 agwlu\.[ips

ance pel ng essentl a

AEEQOHQQSEHeaQaQ%%C%aF %%ﬂ%“ﬂﬁﬂﬂﬁéif&¥hécé? aﬁ&cfﬂéreby
exl| s

for the above described el ements, 1 npurities

wihehpakeibRevitabloy GRHANMAA I dite dBiLdd & hdPeof can
manufacturing. Additionally, 0.005%to 0.020% of a

ebemaitof el imApa@eidng a free-cutting property such as

5 sulfur may be contained in order to inprove the

press stanphndeproperptyalorcdht0iivuso dhr¥Hh®f f@nhace
el ement for inproving a hot working property such as
bénoﬁhﬁagreggn§oﬁpgﬁn@dpn can be vertical or horizontal,
a tension can be controlled in both furnaces to achieve
the advantage of improving productivity.

Particularly, when a vertical continuous
annealing furnace is used in which the longitudinal
direction of the steel sheet is vertical, the slack of
the steel sheet can be suppressed so that a more stable
heat shrinkage is obtained.

It is preferable that a tension of not more
than 20 N/mm® is applied to the sheet in the furnace
when the sheet is annealed for removing the stress. If

the tension is in this range, the heat shrinkage

generated during an intermediate heat treatment
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Brief Description of the Drawings 10 Fig. 1A shows a

schematic top view illustrating a nethod for
nmeasuring a stress due to slitting. Fig. 1B shows a
schematic side view illustrating a nethod for

measuring a stress due to _15 slitting. Detailed
Description of the Invention The present invention

Widdr REmiescird Rk d 9 sdehdl hgWhthahbenfohhaw '
efgﬁbles. An i?ﬁn-niéiel- as%d al I oy Bpate ?%?gggfé?g ot

2@ r@lddritc Wy hditadis€d-19rn8 headniLaRBscWRBat &
manuf act ured by vacuum nel ting, forging and hot -

radfigrg. dikeno alineaid ghandvgot deiohki 1§ MBEE certainly
repeated to the iron-nickel -based alloy plate in a

r gdesieng cat.nosphere to manufacture an

i ron-ni ckel -based 25 all oy sheet having a thickness of

0. 125 mm and fa thiedttensfory 0n nbhe Afluanaeal L agmore than 20
tenperature was 950'C, and a - 13 reduction ratio of

t Bmi patheohdatobhirigkage 25%reksdsendiaon tlevel er was
used by which a tension was applied in a range of 200

t 6NEGETRhATE Redn tngadineii e ks - basbermed oynt hha press
strips for 5 lead frane materials are manufactured

f PORTPRTS /i FOF- SHdgidIS b dthd | oyhe ndetepy dne het kbe

di he , pr, . invent] db
COMBACIONA FEHOS Oct  SHEREY vEs SFFTi nt BISFRFpSe:
' [ ' f . and | [ I
corPer SRR 3 P dilrate 0 TEl e TR e B0

ahn-eopparative exanples thin strips were anneal ed
after geing slit fromthe sheet. In processes No.7

and No.8, threens! Hps MelHANNaM etbfoF 1 ERPYISE e
stress at the sanme tine, while in process No.9, the 15

stehpsonerBangegaked sofe abitmanpifiaidalhe Jhshons -
a chenical conposition and Table shows

manotactivnsngneeadihigofsrnkald ecd HeSidMeN SBal wnee: £€1 or
and i nevitable 0.0070.110.4540.890.003 inpurities
horizontal. For example, when a vertical furnace is
used, a sheet can be annealed without tension, because
it may hang down by its own weight without applying an
additional tension. However, in view of stability of
the process, 0.5 N/mm® may be the lower limit for both
vertical and horizontal furnaces, and a tension in a
range of 1 to 15 N/mm? is preferably employed to obtain
the above described effects more certainly.

It is preferable that the above described
annealing for removing the stress is performed at a
temperature in a range of 400 to 750°C.

In this temperature range, an effect of

relaxation of the stress introduced in cold-rolling and

straightening can be obtained. A preferable
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temperature range is 500 to 700°C. The annealing time
may be 10 to 120 seconds, while the time is not
specifically limited here.

In addition, this annealing may be performed
in a reducing atmosphere having a dew point of ~70 to -
5°C or in an inert gas such as nitrogen. The atmosphere
can be selected depending on required properties of the
sheet., For example, if it is important to improve
corrosion resistance primary, it is more advantageous
to anneal it in an inert gas, while an effect of
preventing a surface thereof from oxidaticn can be
primary provided when annealing it in a reducing
atmosphere.

According to the present invention, after
being annealed as described above for removing the
stress, the sheet is slit into strips, for example
having the product width.

In the present invention, because both the
flatness and the heat shrinkage are improved before
slitting into strips, it is desirable that a stress is
not excessively applied to the sheet in slitting inte
strips. Any method in which the sheet can be slit into
strips with a small stress, for example by a laser beam
machining, may be used, but it is convenient to slit
the sheet with a cooperating pair of upper and lower
circular cutters.

Each of the upper and lower circular cutters

for slitting has preferably a diameter of 750 times or
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more of the thickness of the iron-nickel-based alloy
sheet. This is because a shear angle may become large
s0 that residual stress increases in slitting into
strips, if the diameters of the cutters are less than
750 times of the sheet thickness.

Thus, in the present invention, the diameters
of the upper and lower circular cutters are 750 times
or more, preferably 900 times, of the thickness of the
iron-nickel-based alloy sheet in order to significantly
reduce.the stress due to the slitting.

In addition, an overlap of the upper and
lower circular cutters may be 5 to 50% of the sheet
thickness to further reduce the stress due to the
slitting. If the overlap increases, a shear angle
becomes larger and thereby the residual stress due to
the slitting increases. 1If the overlap is too small,
the cutters can not cut the sheet completely, which
results in slit defects.

The "iron-nickel-based alloy" referred to
herein means an alloy including iron and nickel as
major elements. The typical composition is such as an
alloy comprising 27 to 52% of nickel by mass percent
and the balance being essentially iron, an alloy
further including not more than 7% of chromium, or an
alloy of substituting not more than 20% of cobalt for
the above described nickel.

Among them, an alloy consisting essentially

of iron and nickel is preferable. The preferable
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ranges of the elements included therein and reasons
therefor will be described below.

Carbon: not more than 0.1%

Carbon is an element impairing the etching
property of an iron-nickel-based alloy thin strips
which may be subjected to etching. Therefore, the
upper limit of carbon is defined to be not more than
0.1%. The preferable upper limit of carbon is 0.03%.

Silicon: not more than 1.0%, and manganese:
not more than 1.2%

Trace amounts of silicon and manganese are
contained in an iron-nickel-based alloy for the purpose
of deoxidation. If they are excessively added, they
are likely to be segregated. Therefore, silicon is
defined to be not more than 1.0%, and manganese is
defined to be not more than 1.2%.

Nickel: 30 to 50%

Nickel is an element significantly affecting
the low thermal expansion property, because it acts to
adjust a coefficient of thermal expansion, when the
iron-nickel-based alloy thin strip is used as a lead
frame, for example. If the amount of nickel is less
than 30%, or more than 50%, an effect of lowering the
coefficient of thermal expansion disappears.
Therefore, the range of nickel content is defined to be
30 to 50%, preferably 40 to 45%.

The balance being essentially iron

Although the balance is essentially iron
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except for the above described elements, impurities
exist which are inevitably contained in the material in
manufacturing. Additicnally, 0.005% to 0.020% of a
element for improving a free-cutting property such as
sulfur may be contained in order to improve the press
stamping property, or 0.0005 to 0.0050% of an element
for improving a hot working property such as boron may

be contained.

Brief Description of the Drawings

Fig. 1A shows a schematic top view
illustrating a method for measuring a stress due to
slitting.

Fig. 1B shows a schematic side view
illustrating a method for measuring a stress due to

slitting.

Detailed Description of the Invenﬁion

The present invention will be described in
detail with the following examples.

An iron-nickel-based alloy plate for cold-
rolling, which is used for a lead frame, was
manufactured by vacuum melting, forging and hot-
rolling. Then, annealing and cold-rolling were
repeated to the iron-nickel-based alleocy plate in a
reducing atmosphere to manufacture an iron-nickel-based
alloy sheet having a thickness of 0.125 mm and a width

of 700 mm. An annealing temperature was 950°C, and a
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reduction ratio of the final cold-rolling was 25%. A
tension leveler was used by which a tension was applied
in a range of 200 to 400 N/mm°.

Then, iron-nickel-based alloy thin strips for
lead frame materials are manufactured from this iron-
nickel-based alloy sheet by the method according to the
present invention and by conventional methods. Each
sheet was slit into strips with a cooperating pair of
upper and lower circular cutters. All slit widths of
the strips were 100 mm.

In comparative examples thin strips were
annealed after being slit from the sheet. In processes
No.7 and No.8, three strips were annealed for removing
a stress at the same time, while in process No.9, the
strips were annealed one after another.

Table 1 shows a chemical composition and

Table 2 shows manufacturing conditiocns.

Table 1
(mass%)

C 31 Mn Ni b} Balance

Fe and inevitable
0.007 | 0.11 0.45 | 40,891 0.003

impurities
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25 cutting the sanple for 500 mmin length, it was

pl aced on the surface plate to neasure the maxi num
rise (in mllimeter) with a | aser di stance sensor.
Each six iron-nickel -based alloy thin strips - 17 for
| ead frame materials which were slit fromeach sheet
were nmeasured. Table 3 shows the neasurenent results.

18  Nmm06! LGGHQup NONL @{néc»%mounts of heat shrinkage
CEQQ -1 000000r - 1O T . --AFir 1. 25T WE . 0 D000

b QXROGRAAACAD0AN0 + e 1roﬁLH§ékéPLb£QEE Qggﬁycgﬂﬁﬁa

NwwEoE ¢ ) NCncmLOWtonm\[ - LOr

I sltrd QN1 b of Heéﬂ)ﬁﬁdﬂﬁiﬁﬁléri@ls manufactured under each
manufacturing condition.

In the measurement of the amounts of heat
shrinkage, gauge marks were provided on each sample. A
distance therebetween was 180 mm in the rolling
direction, and it was measured with a toolimaker's
microscope. After the sample was heated at 650°C for 10
minutes (in a hydrogen gas), the distance were measured
again with the toolmaker's microscope to determine an
amount of shrinkage. The amount of shrinkage was
divided by the distance between the marks before
heating and multiplied by 100 to represent an
evaluation value.

An amount of stress due to the slitting was
measured by providing incisions 4 for 150 mm in length
by a wire cutter at positiocns of 1.5 mm distant from
slit edges ZA and 2B of the iron-nickel-based alloy
thin strip 1 for a lead frame material, and then
placing the strip 1 after cutting on a surface plate 3
to measure a rise R of a tip of the slit edge 2A and 2B
with a scale, as shown in Figs. 1A and 1B.

In order to measure the flatness, after
cutting the sample for 500 mm in length, it was placed
on the surface plate to measure the maximum rise (in

millimeter) with a laser distance sensor.

Each six iron-nickel-based alloy thin strips
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for lead frame materials which were slit from each

sheet were measured. Table 3 shows the measurement

results.
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As shown in Tabkle 3, the iron-nickel-based
alloy thin strips for lead frame materials manufactured
according to the method of the present invention have
small amounts of heat shrinkage ¢f not more than 0.03%.

In the comparative examples in which
annealing for removing a stress is perfeormed after
slitting, the amounts of shrinkage are large in the
process No. 7. This is because a high tension was
applied in annealing for removing the stress, and an
additional stress was introduced by a leveler.

In the process No. 8, some samples have
amounts of heat shrinkage of not more than 0.03%, but
lot-to-lot variations are large. This is because the
tension can not be independently controlled for each
strip when a plurality of strips are passed in the
furnace at the same time.

In the process No. 9, lot-to-lot wvariations
are relatively small because the strips are passed one
after another in annealing for removing a stress.
However, because the strips are annealed for removing
the stress after slitting, the stress is released so
that the flatness of the strip is deteriorated.

In the measurement of the stress due to the
slitting, the iron-nickel-based alloy thin strips for
lead frame materials manufactured under the slitting
condition according to the present invention have small
amounts of stress due to the slitting of not more than

15 mm.
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Table 3, the iron-nickel-based alloy thin strips for
| ead frame materials manufactured according to the
nmet hod of the present invgn%boq have small anmounts of
heat shrinkage of not nore than 0.03% In the

conpar ati ve pxenptesat-d Wi €he fmgsﬂegeghg% FOMRHNG of

a stress is perforned after slitting, anount s of

SHdtkages afigah ag 98 hh i@%c@éﬁ?f%hé@- fér ANi¥dth of 100
because a high tension was applied in annealing for

I @0 \d dith Hd¥en $ 1 £ €SShe atish javd 101 agde t beB3ENSt FEFSNWAS N,
introduced by a leveler. In the process No. 8, sone
saiiplles hawes afroud of Gedg mhrhinkagenetanet ABr €he
than 0.03% but I|ot-to-lot variations are large. This

5 | sdrgeause. tdheexample. This is because there is no
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15

environmental constresst when a stress is released in
each thin strip through a heat treatment after
slitting, and thus the thin strip is undulated readily.
Particularly, in a wide material such as having a width
of 100 mm in this case, a notable difference of the
flatness is seen.

The present invention has superior
characteristics of low heat shrinkage and low stress
due to the slitting, and therefore it can be applied to
the applications using an ircn-nickel-based alloy thin
strip which is inevitably subjected to micro-

fakrication.



tensi on can not be independently controlled for each
15 strip when a plurality of strips are passed in the
furnace at the sane tine. In the process No. 9,
lot-to-lot variations are relatively small because
the strips are passed one_,q{gej anot her in annealing
for renoving a stress. 20 However, because the strips
arg apeal ed for renoving the stress after slitting,
the stress is released so that the flatness of the
strip i s deteriofRé&deol mhRerABREYLAFERh Qkohh8ickel-
stress due to the slitting, the iron-nickel-based
aldaoyed ML Sf ripen forrigp deadef hatBeMatenbal Somprises:
manuf act ured under the slitting condition according to
t he present dtwenjhosnhayeasfibhhlianboudisrof 18Hr esget by
due to the slitting of not nore than 15 nm - 22

Weat h.enegarrd to the flatness, the flatness of not nore
than 0.2 mmis acconplished for a wwdth of 100 mm
accordi ng t chdre anntdrobing the preseahténednshent for
while rises of 0.27 to 0.58 mmare generated in the 5
CORFRIENY & St ®. timirect sipez atget thepesi anpealing
envi ronnment al constresst when a stress is released in
edHMAGH 9 p through a heat treatnment after
slitting, and thus the thin strip is, undul ated

readily. P&?F?bﬁiﬁﬁ%&nqu E v e et BF P aP LSRR as

having a wi dih 10 of 100 mmin this case not abl e
d?ﬁference g&%ﬂ%féﬁQéﬁ%ﬁ%%F?%n%é%%.Cﬁ%%mprS%%?reln a

| pyention ofp}qsyogﬁfeorthaqhg{gcg,g@ﬁﬂscsap 11 W heaty o

shri nkage an stress he sITtting, and

t RRERAOT GHen Ga1e g aRPli £l dfed Neo APPLLGR hQNEhe
using an iron-nickel -based alloy thin strip whichis

| BVielsabliys st edired Ul Withed B4 CAIHOce: 23
CLAIMS: 1. A nethod for nmanufacturing an iron-nickel -
b&sed al | oy Tthii mesthrddp,aaderdimy tthe sedhodl coppej seserein
straightening a finally cold-rolled sheet by a
| el sheetthérs ammealliery fdre =narighy ertesl steetsfat a
renmoving a stress thereof in a continuous anneal i ng
temperature in a range of 400 to 750°C.
4. The method according to anyone of the
preceding claims, wherein the sheet is slit with a
cooperating pair of upper and lower circular cutters,
each circular cutter having a diameter of 750 times of
a thickness of the iron-nickel-based alloy sheet to be
slit.
5. The method according to anyone of the
preceding claims, wherein the sheet is slit with a
cooperating pair of upper and lower circular cutters,
and, wherein an overlap of the upper and lower circular

cutters i1s 5 to 50 percent of the thickness of the

iron-nickel-based alloy sheet to be slit.



furnace; and then slitting the sheet into strips. 2.
The met hod according to claim1, wherein a tension of
not nore than 20 NmMm 2 is applied to the sheet, when
the sheet is annealed for renoving the stress in the
conti nuous annealing furnace., 3. The nethod according
toclaiml or 2, wherein the sheet is annealed for
reqovi ng the st 63sc BbdactEPRERA! HEeahPoRel BRI KRS
400 to 7500C. 4. The nethod according to anyone of the
preecadi dith ¢ | @ 4Bms Whek ek 8i hhensheebnigi skl -WakBdaailoy
cooperating pair of upper and |l ower circular cutters,
eagth i gtodl oF, ablf il s Hayd Ageat i aneter of 750 tines of
a thickness of the iron-nickel -based alloy sheet to be
slit. S. The gwtthmd: acest dhdiget Bhanyong peérthat
precedi ng clains, wherein the sheet is slit with a
cooperati ng paEikiafnuppest andréotkancilbcpkacenttters,
and, wherein an overlap of the upper and | ower
circular cutmargEmnsss: t ngo pereebnhanf 1t Aepehcekhess
of the iron-njickel-based alloy sheet to be slit. - 24
6. The met hod gtk di nif tler anyapereent heangr ecedi ng
claims, wherein the iron-nickel-based alloy consists
of, by mass petc&RLANGH RtNRoESHDRiEhAN dranper cent
silicon: not nore than 10 percent nanganese: not nore
than 1.2 percent nickel: 30 to 50 percent, and the
bal ance being essentially iron.



