_Description .El ectrodeposi ted Copper Foil, Method of |nspecting

" Physi cal Properties Thereof, and Copper-C ad Lam nate Enploying the 5
El ect r odeposi t ed Copper Foil Technical Field
The present invention relates to el ectrodeposited copper foil; to a
met hod of eval uating physical properties of 10 the electrodeposited
copper foil; and to a copper-clad | am nat e enpl oyi ng the

el ectrodeposited copper foil. Description Background Art
Conventional ly, copper foil has been enployed as a 15 material for
producing printed wiring boards, which are wi dely used in the electric
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The present invention relates to electrodeposited
copper foil; to a method of evaluating physical properties of
10 the electrodeposited copper foil; and to a copper-clad

laminate employing the electrodeposited copper foil.

Background Art
Conventionally, copper foil has been employed as a
15 material for producing printed wiring boards, which are
widely used in the electric and electronics industries. In
general, electrodeposited copper foil is bonded, through hot-
pressing, onto an electrically insulating polymer material
substrate such as a glass-epoxy substrate, a phenolic polymer
20 substrate, or polyimide, to thereby form a copper-clad
laminate, and the thus-prepared laminate is used for
producing printed wiring boards.
In conventionally carried out hot-pressing, a copper
foil, a prepreg (substrate) which is cured into a B-stage,
25 and mirror plates serving as spacers are laid-up in a
multilayered manner, and the copper foil and the prepreg are
hot-press-bonded at high temperature and pressure

(hereinafter the step may be referred to as "batch-press-



mul til ayered manner, and the copper foil and the prepreg are

" hot - press-bonded at high tenperature and pressure (hereinafter the
step, may .be referred to as "batch-press- | am nation"), to
t her eby produce a copper-clad | am nate. However, in recent years,
reduci ng the production costs of conmerci al copper foiI products has
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principal components of electronic apparatus.
To meet the demand, a variety of efforts have been made
10 to reducing costs of copper-clad laminates and
electrodeposited copper foil, which are intermediate products
for producing printed wiring boards. For example, instead of
FR-4, CEM-3 has been employed as a copper-clad laminates, and
a continuous lamination method has been employed so as to
15 remarkably enhance productivity.

However, the aforementioned alteration in material and
method of produétion results in adverse effects §n copper-
clad laminates, which effects have never been observed. Thus,
an electrodeposited copper foil, serving as a basic material,

20 is required to have characteristics to overcome the adverse
effects. In particular, the problems which arise after an
electrodeposited copper foil has been bonded to a substrate
include bow or warpage, twist, and poor dimensional stability
of the copper-clad laminates. |

25 As one solution to the aforementioned problems,

Japanese Patent Application Laid-Open (kokai) No. 2-258337

discloses employment of an electrodeposited copper foil
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not yet been solved completely.

10 Brief Description of the Drawings
Figs. 1 to 3 show optical-microscopic images of

recrystallization structures of electrodeposited copper foil
specimens which are employed to describe the present
invention. Fig. 4 shows relationships between aging time and

15 actually measured tensile strength of the electrodeposited
copper foil specimens. Fig. 5 shows a model relatiomnship
between aging time and tensile strength of an
electrodeposited copper foil. Fig. 6 is a schematic cross-
sectional view of an electrodeposited copper foil. Fig. 7

20 shows a schematic view of production steps for an

electrodeposited copper foil.

Summary of the Invention
In view of the foregoing, the present inventors have
25 conducted extensive studies, and have found that no essential
correlation is observed between the progress of

recrystallization, and elongation or tensile strength of



invention. Fig. 4 shows relationships between aging time and 15 actually
‘measured tensile strength of the el ectrodeposited copper foil
speci,nens. Fig. 5 shows a nodel relationship between aging tine and
tensile strength of an el ectrodeposited copper foil. Fig. 6 is a
schematic cross- sectional view of an el ectrodeposited copper foil.
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useful for controlling the extent of recrystallization during
the production of electrodeposited copper foil. However,
control attained én the basis of such factors from the
10 viewpoints of the electrochemical process and mass-production
considerably increases production costs. Thus, the inventors
have determined that implementation of the above control is
currently difficult.
Even though a production step for drum foil such as S-
15 HTE foil is modified so as to omit implementation of the
| aforementioned control, those S-HTE foil products which make
no contribution to reducing bow and twist or to improving the
dimensional stability are unavoidably produced to a certain
degree, dug to difficulty in controlling the electrochemical
20 production method per se. Briefly, such S-HTE foil products
are unavoidably produced in the production of
electrodeposited copper foil. In order to detect such S-HTE
copper foil prodﬁcts, the present inveﬁtors have elucidated,
by employing a copper-clad laminate of a CEM-3 type prepreg
25 that readily generates bow and twist, that electrodeposited
copper foil which can reduce bow and twist and improve the

dimensional stability of a copper clad laminate has a
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electrodeposited copper foil and which exhibits an elongation

as high as 18% or more in a hot atmosphere of 180°C, wherein
the maximum rate of decrease in maximum tensile
10 strength falls within an aging time ranging from 5 to 10
minutes in a process in which tensile strength decreases as
time elapses during aging in a hot atmosphere at 17o°c, and
the change in tensile strength in a knick portion shown
in a {tensile strength} vs. {aging time} curve which is drawn
15 in an x-y plane and which has a knick portion is 3 kg/mm2 or
more, the x-axis representing aging time and the y-axis
representing tensile strength.
The exﬁression "a low-temperature annealable
electrodeposited copper foil which recrystallizes by heating
20 at.low temperature during production of a copper-clad
laminate employing an electrodeposited copper foil" refers to
an HTE foil classified as Grade 3 in accordance with the
standards of the IPC (Institute for Intercomnecting and
Packaging Electronic Circuits).
25 For the sake of simplicity, the classification of
electrodeposited copper foils will be described. According

to the IPC standards, electrodeposited copper foils are



~specific range of qualities. The present invention has been

“acconpl i shed on the basis of these findings. Accordingly, in
claim1l of the present invention, there is provided an
el ectrodeposited copper foil which 5 recrystallizes by heating at | ow
tenperature during production of a copper-clad | am nate enploying an

el ect rodeposj ted, copper fai
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el ect r odeposi
10 generally called HTE foil. HTE foil generally refers to

copper foil exhibiting high temperature elongation of 3% or
more in an atmosphere at 180°C. HTE foil is completely
different from standard copper foils belonging to Grades 1
and 2, since the standard copper foils exhibit a high

15 temperature elongation less than 2%.

In recent manufacture of printed wiring boards, copper
foils belonging to Grade 3 are further classified into two
distinct categories; i.e., electrodeposited copper foils
exhibiting a high temperature elongation of approximately 3%

20 to 18% (hereinafter simply referred to as HTE foils) and
electrodeposited copper foils exhibiting a high temperature
elongation more than approximately 18% to 50% (throughout the
present description, these foils are simply referred to as S- .
HTE foils). These two types of foils are employed in

25 accordance with applications.

fhe basic difference between HTE foil and S-HTE foil

lies in the characteristics of déposited crystals, even



5 classified as G ade 1 to Gade 3 on the basis of basic

" physical properties such as elongation and tensile strength. Copper
foil, designated by Gade 1 is standard el ectrodeposited copper foil,
and copper foil designated by 5 Gade 2 is high ductile el ectrodeposited
copper foil. These days, anong persons having ordinary skill in the

art, el ectrodeposi ted copper. foils belqgnging to G.ades .1 %Pd 2 are
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foils after completion of heating, no recrystallization is
observed in HTE foil, but recrystallization is observed in S-
10 HTE foil.

The difference is considered to be attributed to
production conditions of the foils. Briefly, production
conditions during electroforming, such as composition of a
solution, concentration 6f a solution, method for filtering a

15 solution, solution temperature, additives, and current
density, are modified in order to control physical properties
of copper foils. This may cause variation in
crystallographic properties of deposited crystals.
Particularly, copper foil material which readily permits

20 recrystallization tends to accumulate in crystals
dislocations more demnsely as compared with copper foil
materials which do not readily permit recrystallization. The
dislocations are not immobilized tightly, and immediately
undergo rearrangement under application of a small amount of

25 heat, thereby possibly causing recrystallization readily.

The progress of recrystallization of electrodepositéd

copper foil completely depends on the aging temperature and



present description, these foils are sinply referred to as S ~HTE
foils). These two types of foils are enployed in 25 accordance with

appl i.cati ons. The basic difference between HTE foil and S-HTE
foil lies in the characteristics of deposited crystals, even

6 t hough both of these foils conprise el ectrodeposited
copper havi ng_a purjty of approxi mately 99.99% During a process

for produci f™ppdP- OFSET &% r‘?ﬁtteesrg“é’r? ﬁilbé"ttl?’gﬂﬁﬁg%ﬁ t%ft[j ) Eo_pper f oi |
i's hot- d to be lam nated with a substrate, by being
subj oct od {3 SETHERALIER TSR, (1O MEReHoPaY can the. qenpeivee FBan

oximtely 60 m.nutes._Through observation under an optical
ﬁ?gioscope<§£ﬁﬂﬁ¥iﬁ¥ﬂq1%ﬁr{hﬁLé%?%ﬁ gfructuregf | theseappegpPiti onThe

P§§$§2?5|P?£%§$J téyllz'téigb:é%%¥°dJ£%§f§%§g9$$F€gE;fgél’_b$Le di fference
TS 8 S S gt LR DT S 408 B 1S
PR L RE R R R
density, ar %t'qu.ixfcgi eI:qxe' r}:roorsdse-rscaitc icooxptbrflu et]yg Caiirlx giggl?gxrlé ! g&ch as an
ferric chloride solution, to thereby perform observation.
Since-the electrodeposited copper foil to be observed has a
10 thickness of 100 Mm or less, observation of the cross-
sectional grain structure thereof is difficult. Only persons
skilled in the art; particularly, those skilled in polishing
‘and etching techniques, can carry out the observation. Fig.
1 shows a change in the grain structure of an S-HTE foil
15 before and after aging (heating) for a predetermined time.
The S-HTE foil having grain structures shown in Fig. 1
is a typical copper foil which contributes to reducing bow
and twist and to improving the dimensional stability of a
copper-clad laminate employing the copper foil; In contrast,
20 the S-HTE foil having grain structures shown in Fig. 2 is a
tyﬁical copper foil which does not contribute to reducing bow
and twist or to improving the dimensional stability of a
copper-clad laminate employing the copper foil. The grain
structures of cross-sections shown in Figs. 1 and 2 are those
25 observed after aging at 170°C, whereas the grain structures

shown in Fig. 3 are those observed after aging at 180°c. 1In

general, recrystallizable electrodeposited copper foil



of copper foils. This may cause variation in. crystal |l ographic
"properties of deposited crystals. Particularly, copper foil material
which readily permits 20 recrystallization tends to accunulate in
crystals di sl ocations nore densely as conpared with copper foi
materials which do not readily permt recrystallization. The

di sl ocations are not immobilized tightly, and innedi at el o under go
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sufficient heat; i.e., approximately 180°C, to cause
.sufficient recrystallization, and sufficient pressure can be
10 provided during hot-pressing. Thus, bow, twist, and
dimensional instability of the produced copper-clad laminates
can be prevented. In addition, as disclosed in Japanese
Patent Application Laid-Open (kokai) No. 5-243698, the
dimensional stability of copper-clad laminates can be further
15 improved by heating again after completion of press-forming.
In the above case, however, the increased number of'steps is
disadvantageous.
Another example method of producing copper-clad
laminates is a continuous lamination method, which comprises
20 bonding an electrodeposited'copper foil and a substrate by
applying roll pressure; hardening a resin of the substrate
while the resultant laminate runs in a hardening furnace; and
cutting the hardened laminate to desired dimensions. In this
method, only a small quantity of heat imparted to a copper
25 foil in a hardening furnace is requirea as compared with a
conventional press-forming method, since the resin employed

in continuous lamination can be quickly hardened by a small



sectional grain structure thereof is difficult. Only persons skilled
inthe art; particularly, those skilled in polishing and et chi ng
techni ques, can carry out the observation. Fig. 1 shows a change in
the grain structure of an S-HTE foil 15 before and after aging (heating)
for a predeterm ned tine. The S-HTE foil having grain structures
showmn in Fig. 1 I s a typical copper. foil which contributes to reducing
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reduce bow and twist and to impfove dimensional stability of .
a copper-clad laminate by controlling elongation and tensile
10 strength in an atmosphere of 180°C, resolution has still not
been completely attained. This is because the progress of
recrystallization has not yet been taken into consideration.
Actually, so far as the investigation by the present
inventors is concerned, no essential correlation has been
15 observed between the progress of recrystallization, and
elongation or temsile strength of electrodeposited copper
foil in a hot temperature. Particularly, elongation and
tensile strength at 180°C have no clear correlation with the
extent of recrystallization, since recrystallization is
20 progressing simultaneously with measurement at 180°C.

In consideration_of the above description, the present
inventors have determined that an electrodeposited copper
foil which contributes to reducing bow and twist and to
improving the dimensional stability of copper-clad laminates

25 cannot be identified by measuring the physical properties of
the electrodeposited copper foil at approximately 180°C, at

which temperature all S-HTE foil products readily

10



shown in Figs. 1 and 2. 5 In recent years, a variety of techniques
“for producing + copper-clad | am nates have been enployed in an attenpt
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copper-clad laminate employing CEM-3. As is clear from the

10 grain structures shown in Fig. 1, recrystallized grains
generated in the grain structure of electrodeposited crystals
are grown in a longitudinal direction. The grain size
distribution of the recrystallized grains shown in Fig. 1 is
more uniform than that of the recrystallized grains shown in

15 Fig. 2. In addition, recrystallization occurs more rapidly
in the case of Fig. 1 than in the case of Fig. 2. As is also
clear from Figs. 1 and 2, as compared with the grains shown
in Fig. 2, recrystallized grains shown in Fig. 1 have a
smaller grain size and are more densified.

20 Fig. 3 shows a cross-sectional photographic image,
obtained after termination of aging at 180°C, of a grain
s;ructure of an S-HTE foil. As is clear from Fig. 3, -
recrystallization is completed within 10 minutes, which
differs from the case of aging at 170°c. In this case, the

25 employed S-HTE foil has already been shown in Fig. 2 and
cannot reduce bow and twist or imprdve dimensional stability

of a copper-clad laminate employing CEM-3. A similar grain

11



quantity of heat. As a result, an interior portion of the

el ectrodeposited copper foil mght remain insufficiently

recrystalilized. As is clear fromthe foregoing, S-HTE foi
product s 5 which contribute to reducing bow and twi st and to inproving

di mensional stability should also recrystallize quickly even at a low
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control ling elqQngatiqgn_and tensile 10 strength in, an atnmosphere of 180 C,
resol ution ﬁ&éﬁst ch’nd’tas already, Resh AW iR (Bifed! HBFsifshBEcause the
progress of , reck%fég | izati on has not {Ft been taken into .

consi der at | gtlustrat Hein., Thys,, the, fwo, fvpesy a5 &7 HRE thed br esent
inventors is cqncerned, nao essential correl atjon has been 15 observed
bet ween t he PFP scc?fnnt"é:c%?st gtingyighed, from each REheFonAfF tensile
strengt h_ of _el ect,rodeposited pper foil ipn a hot tenperature.
Par ti cular | {ES&T 5%[ iag’r?vz%d ai¥ SR i@ 8t TAHE Y have no cl ear
correlation with tt;g . extent of recrywstallization, since |

recrystal | i FSCFEF L1156 By AgIELiaty B G- JHRBBsPyHEE foddadsr eges: at
180[err] C. o ._.1n cgnaLg§ration of, the above _description, the present
i nventors haf8 Get EPhEREGE: RAEESRRCEE: AByESCTVEERILdFaion rateiandyhi ch
contri butes [ I_.ng ;how.and .t wi st. and to . i nproving the di nensi onal
stability Opﬁggsgggﬁg%a %Igﬁ%hé?g? of recrystalllzég)gral s are

difficult to identify.

10 With réference to Figs. 1 to 3, the present inventors
consider that evaluation of the extent of recrystallization
occurring after aging at'170°c is more useful for determining
the progress of recrystallization of an S-HTE than evaluation
at 180°c. The present inventors have further elucidated that

15 the profile of a {tensile strength} vs. f{aging time} curve
which is obtained by measuring the tensile strength of a
copper foil after_aging at 170°c for a predetermined time
varies greatly in accordance with the nature of the copper
foil; i.e., whether or not the copper foil can reduce bow and

20 twist and improve dimensional stability of a copper-clad
laminate.

Fig. 4(a) shows {tensile strength} vs. {aging time}
curves, obtained by measuring after aging at 170°C, of two 8-
HTE foil specimens having different recrystallizatioﬂ rates.

25 Fig. 4(b) shows similar {temsile strength} vs. {aging time}

curves, obtained by measuring aftér aging at 180°C. ' The

tensile strength was measured in accordance with IPC-TM-650
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25 cannot be identified by neasuring the physical properties of t he
"el ectrodeposited copper foil at approximately 180[err]C, at whi ch
tenperature all S-HTE foil products readily :

10 recrystallize. Fig. 1 shows a cross-sectional

phot ogr aphi c | mage, obtained after termnation of aging at 170[err]C
of a grain _structure of an S-HTE foil which can reduce bow and

twi st and i kprBGar8enendreshficribyyi theomrazipgppirnsiis StE'eF‘&rFihné’tfe a

enpl oying CEM3. Fig. 2 shows a cross-sectional phot ogr.aphi c i npge,
obt ai ned af ERECLBER WAL Bfaghred AF Foom temPﬂﬁaéi"r‘]eCafcﬁe% %uﬁ’P%‘H' ure
of an S-HTE foil which canngt: reduce bow gnd tw st or _i nprqve

di'mensi onal b3faBpAergope g9ing fogpFe PradaFaTmitng e“é'fﬁrl oPCRETEEMSLY 1as i s
clear fromthe 10 graln structures shown jin Fi 1, recryséal,llzed ra| ns
generated | FRBhECRPALR SEFAEALPe TEPTESE o e "@%g A% Figs.

grown in a |longitudinal direction. The rgin _size distri b'#}l on of the

recryst a | i 388 Qr‘H?nQrSHSR/HeFﬁnFF& below in F%res d%ﬁﬁ%ﬁ%n"t% ¢ FAA*HFPhe

recrystallized grains shown inp Fi addItIO ecrystallization
occurs nore® ?Hﬁgaf*ys‘:rength Pﬁéad'&?él d'g‘ Ifﬁ"(f iR =

As I's also shownCl:Lgal;:ersgm Elg ’ eac%d curvz%eS hcaosr’rpark%cic\% tpr}):'gthleo I nzs_eshown

the gradieﬂt of the curve drastically changes within the

aging time range of 5 minutes to 10 minutes. However, the
10 difference in profile between two curves is clearer in the

case Qf aging at 170°C than in the case of aging at 180°c.

In Figs. 4(a) and 4(b), curve 1 represents the tensile
behavior of an S-HTE foil which has a slow recrystallization
rate and which cannot reduce bow, twist, or other types of

15 deformation of a copper-clad laminate. Curve 2 represents
the tensile behavior of an S-HTE foil according to the
présent invention. As is clear from Figs. 4(a) and 4(b),
identificaﬁion of the interlot differences in physical
properties of copper foil is performed more easily in the

20 case of aging at 170°C than in the case of aging at 180°c.

The present inventors have carried out further studies,
and have found that when the change in temsile strength of a

" copper foil over a knick portion of a {tensile strength} vs.
{aging time} curve of 170°C aging is 3 kg/mm2 or more, such a

25 copper foil can further reduce bow and twist and improve_

dimensional stability of a copper-clad laminate. The term

"knick portion of a {tensile strength} vs. {aging time}

13



in Fig. 2, recrystallized grains shown in Fig. 1 have a smal l er grain
'size and are nore densified. 20 Fig. 3 shows a cross-sectional
phot ogr aphi ¢ i mage, obtained after termnation of aging at 180[err]C,
of a grain structure of an S-HTE foil. As is clear fromFig. 3,
recrystallization is conpleted within 10 m nutes, which I dhfgehiEf;on}
the case of agi ng at, 170[err]C In thjs case,_the, 25  enpl oye - oi
has al r eady é’l‘i’qs Ao mexs Pe Aearribed im, fptailwith pEoferencsi tp Big-

i nprove di nensional stability of a copper-clad | am nate enpl oyi ng
CEM 3. A sim-lar grain 11 ol whi ch
structure of recr stalllzed rains i s observed in oi i C
has al ready been L4y repRpgenteq fy A, B'l??ﬁsFr%f%dsheWﬁlﬁn Thus,

the two types of annot be di stingui shed from

each ot her. FAS- dEEErPE@HeQEB§é°nSFIiggﬂ%Epﬂf tion Fafexs tadhs
La0[err 1, FRERY ag' el i e imed By RALAYY A3 7 AR areben
ent 1y, gre et Feln e R FiapVe 9F Ehaiie abtsrofhbortor s
consi der th‘it ?L\r/l%l ‘itm'e‘i” iOf wth:l.%he)i:thentdlogfere 'St alc':éetaglclent of the
curve changes drastically. Accordingly, "the change in
tensile strength in a knick portion" is defined by the
10 difference, represented by At/s, between the tensile
strength at point A (corresponding to point D in Fig. 5) and
that at point B (corresponding to point E in Fig. 5).
The aging time at which the rate of decrease in maximum
tensile strength reaches its maximum was obtained in the
15 following manner. Specifically, differential coefficients of
the knick portion (between points A and B) of the {tensile
strength} vs. {aging time} curve (curve I) were plotted to

draw curve II shown in Fig. 5. By use of the turning

point—corresponding to point C in Fig. 5 of curve II,

20 which is fairlf representative of a normal distribution
(Gaussian distribution), the aging time at which the rate of
decrease in maximum tensile strength reaches maximum was
determined. If point C falls within the time range of 5
minutes to 10 minutes, the aging time falls within the scope

25 of the present invention. 1In Fig. 4(a), the point of curve 1

related to aging at 170°c corresponding to point C falils

outside the aging time range; i.e., 5 minutes to 10 minutes.

14



occurring after aging at 170 [err]C is nore useful for determning
‘the progress of recrystallization of an S-HTE than eval uation ~at 180
C. The present inventors have further elucidated that 15 the profile of a
{tensile strength) vs. {aging tinme} curve which is obtained by
measuring the tensile strength of a copper foil after aging at 170 C
for a predetermned tine varies greatly in accordance wth the_nature

of the coppérus: a'ﬁﬁqgeq.QQ%l\ﬂﬂﬁﬁﬂﬁ DrEFRALINLEIPE? FeRTeRapteddbEe
ami nate. - eusve 1 Falydpubeide IS anne SLOARA K 96, CRBGITSEFReR-
Foi | apeci mens. AR AF RIS APTELy JHeND | G2% (o fetetutosd Bhe 4(p)
chove S11M | Sald S1SH® ML 08009 P)e me Giie?. 501 L0EC
D 2T R LR e g coriat and ot atmengidiann
res R oS00 LU AR Bl AR e, meabi, SRS
representedfg¥thgg %b%gi é¥ éﬁégieéggplishment of a method of inspecting
S-HTE foil so as to ensure the quality of commercial S-HTE
foil products is an essential issue.

10 Accordingly, in claim 2 of the present invention, there_
is provided a method of inspecting an electrodeposited copper
foil, in terms of quality, as recited in claim 1, comprising

cutting an electrodeposited copper foil of one
production lot so as to prepare two strip specimens having

15 dimensions of 1 cm * 10 cm;

subjecting one specimen to aging at 170°¢c for 5 minutes
and.the other specimen to aging at 170°c for 10 minutes;

subsequently cooling the speciﬁens to room temperature;

subsequently setting each specimen into a tensile

20 tester;

applying a tensile force at a rod speed of 50
mm/minute; and

measuring the maximum tepsile.strength of each specimen
so as to confirm that the difference between the two values

25 is 3 kg/mm2 or more.

Conventionally, high-temperature inspection of copper

foil; i.e., evaluation of physical properties of copper foil

15



5 and 4(b) or represented belowin Fig. 5 refers to the maxi num _
tensile strength obtained in the aforenmentioned manner. As ~shown in
these Figs., each curve has a knick portion where the gradient of the
curve drastically changes within the aging tinme range of 5 mnutes to
10 m nutes. However, the 10 difference in profile between two curves is
clearer in the case of aging at 170[err]C than in the case of agi ng at
180[ err] C. per se, has) hmep cagmiedmnt (i) arnatwosphepecabni80iCe wkheh| e
behavi or of an S-HTE foil which has a slow recrystallization rate and
whi ch cannotCOdFRsthFhanrgewith theeraghpiae grhenebycthe headbn of a
copper-clad | amnate. Curve 2 represents the tensile behavior of an
S-HTE foi | Z&&dhanre £k marticulpanprinted opiring beards chaarbeesm Fi gs.
4(a) and 4(b), jdentification of the interlot differences in physical
properties SVAFRRED (G 12qeTAanesH WEhoihe s 796 | fafey Sbardardsi aging
at 170[err]C.than in the case of agrié{g at 180[err] C. The present

i nvent ory hdPd S ATi& FOMOT (fhapdards, AmRng U. 8. inpyrarce oeemPaRkeswhen

the change in tensile strength o copper foil over, a knick portion
of a {te%si h{g’wﬁvreéhgta‘rﬁ Wt%°ne‘{ {ag’d’f‘ﬁ‘g t‘?*ﬁg‘%ﬁﬂr \RYQpentieg %ﬁiﬁg&'g 3 -

kg/mm{err] qr .nqore, .such a,k6 25 copper foil can fwyther reduce bow and
Ctwist and i %ﬁﬁ%évalua%%i%atm%qm Pofl&0 Gsanal ke |emrlnued The
term " l§.rr]1| %.lﬁs%%rcttli%rﬁ %ff as-{}ltﬂqs:éclie.l ségren(%thérn\{isﬂi ga gll.IPeg éégg ess of

13

recrystallization. Thus, the present inventors have

10 determined that the tensile strength of an S-HTE copper foil
which has undergone aging at 170°Cc should be employed as an
index for inspection.

The present inventors have measured the tensile
strength of over 300 lots of specimens so as to establish the

15 inspection method. Specifically, ﬁhe inventors_have measured
bow, twist, and the dimensions of copper-clad laminates
employing CEM-3, and have confirmed that the copper foil
according to claim 1 can reduce bow and twist and improve the
dimensional stability of a copper-clad laminate and that the

20 method of inspection is appropriate for inspecting
electrodeposited copper foil as recited in claim 1.

As defined in c¢laim 1, an electrodeposited copper foil
which can reduce bow and twist and improve dimensional
stability of a copper-clad laminate satisfies two conditions;

25 1i.e.,

(1) the maximum rate of decrease in maximum tensile

strength falls within the aging time ranging from 5 to 10

16



curve" will next be described in detail wth reference to Fig.

"Three points represented by A, B, and C are shown in Fig. 5. The

af orenenti oned knick portion refers to the 5 portion which is defined by
points A and B and, when considered fromthe overall curve of
{tensile strength} vs. {aging tinme} in which the differential
coefficient ¢f the curve changes drastically. Accordingly, "the
change in ™Dutega8pflo sirength in a knick portion" is defined by the 10
di fference, repr nted by At/s,, between the tensile st rengt h at point
A (correspondi nge(ﬁg & enFyf’Bnigr‘ﬁe Bify tepys strength,ina Jpifk E§9°rt1°n
(correspondi to.,point Ein_Fig. 5). The ing tinme at which, the
tare of docPBaun iR RultRRRLLe Steshthl T8 clgatioe i AR MAARE e
obtained in_,the 15 follow manner . . .Specifically, .differential

coef fici ent 4¥8yn in aPhﬁ'KnP@%nﬁoFPl Whﬁég éhap&%%ﬁ¥;?° B Ine
{tensil stgengt ht _vs. _faging tinel curve, (curve,]l re plotted to
Gt o curve K9/BoE Tons o 288l "o RadRifpl §S1nt ¥RpE Bnd' EC 1
corresponding.go Bo;nt c Lg F%%.s510f %g%%pt I, 20 whichis fairly

repr esent at PU&SoF SR nErRar °di SEAPHAE § 9% Gaussi an distribution), the
aging tine at which_t r.at e decrease ijn. . mmxi tensile, strength
reaches maxi nmum gé‘sprg%tl gt'e%er?e&ool rpg‘;%rﬁee d’rl?teﬁ F’sfr\l/{v’{% |en1$t#1°elfi me range

of 5 ThRYLE cEORAY We@ﬁi&sg@'&i@? i,i'},? ﬁgeg%éo@e%%n\g;ﬁo&%%t&%ggppe 25

of the pre I'nventi on. oi nt el at ed

to aging atméZQ SécehéeiBBB@E”onﬁ ngﬁhcgéf%Hf%h could reduce bow and

10 twist and improve the dimensional stability of a copper-clad
laminate exhibited a change in tensile strength of 3 kg/mm2
or more within a time range of aging of 5 minutes to 10
minutes. Thus, the inventors have considered, on the basis.
of experimental results, that bow and twist of é copper clad
15 laminate can be reduced and the dimensional stability thereof
can be improved when the difference between the tensile
strength at an aging time of 5 minutes and that at an aging
time of 10 minutes is 3 kg/mmf or more.
In claim 3 of the present invention, there is provided
20 a copper-clad laminate employing an electrodeposited copper
foil as recited in claim 1; By employing the
electrodeposited copper foil according to c¢laim 1, bow and
twist of a copper-clad laminate; particularly, bow and.twist
of a copper-clad laminate employing a CEM-3 substrate, can be
25 reduced and the dimensional stability thereof can be improved.
Thus, patterning accuracy of a resist and etching accuracy

during the etching process can be improved, thereby
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outside the aging time range; i.e., 5 mnutes to 10 m nutes.

" 14 Thus, a copper foil having a tensile profile represented
by curve 1 falls outside the scope of claim1 of the invention. :
As described above, there can be determined the conditions that nust
pertain so that S-HTE copper foil can 5 absol utely reduce bow and tw st
and inprove _the di mensional stability of a copper clad | amnate. The
present invEAFdldtating prodmetiop, ofq&ine f4insRifs L™ AoRReE ShAdod of

I nspecting S-HTE foil so as to ensure the quality of commercial S-HTE
foil product@miBagf-essential issue. 10 Accordingly, in claim2 of
the present invention, there i's provided a method of inspecting an

el ectrodeposited copper foil, int*aPRLess quallty, as recited in
claim1l, conprisi

' , cuttlng an electr ep pper foil of
one product IThE Po a8 ad AR e R R b e Py meRe

di nensi ons

t
170 C { @ SORERALoEY way"aﬁdeerﬁ@p&enerSsté? hgﬁx‘?QSP%Sec' B3%0ed r1C for
Lomer oty eproducing an” §13eliEAeRhr IR Fhpnat. Fooe AHAT 1110 10 (AR 1 ¢

~present invention will be described with reference to Fig.

6 showing a cross-sectional view of an S-HTE copper foil
r———aﬁd Fig. 7—showing the production'steps for the copper

10 foil. In addition, copper-clad laminate CEM-3 were produced
from an electrodeposited copper foil produced through the
method, and bow, twist, and dimensional stability were
evaluated. The results will be shown hereunder. It should
be noted that in Fig. 6 layers which are difficult to depict,

15 such as an anti-corrosion layer, are not shown, for the sake
of simplicity.

In general, electrodeposited copper foil is produced
through an electroforming step A and a surface-treatment step
B. 'An S-HTE copper foil 1 according to the present invention

20 is also produced in the same manner.

Firstly, the electroforming step A is.described. In the
electroforming step A, a bulk copper laver 2 of the
electrodeposited copper foil 1 is produced. The
electrodeposited copper foil serves as an electrical

25 conductor after it has been processed into a printed wiring
board. An electroforﬁing cell 3 comprises a rotating drum

cathode 4 and a lead anode 5 which faces the cathode 4 so as

18



20 tester; applying a tensile force at a rod speed of 50
"nmm m nute; and nmeasuring the maxi numtensile strength of each
speci nen. so as to confirmthat the difference between the two val ues
25 is 3 kg/m2 or nore. Conventional ly, high-tenperature

I nspection of copper foil; i.e., evaluation of physi cal properties of

copper foil er se,
has been caFPi 84r5QunA,the SrvgssRchode- 1§G[EFPF€1°ﬁhléh°°Pper é&%ﬂ%ﬁﬁs;
sharply with the practice whereby the heat resistance of particul ar
print ed manﬁb“BbSPd%sh§§dbé§ﬁ° a spage, defided Pvaddts Fatarahis R UL
796 Safety Standards, 5 which are common standards anong U.S. insurance
conpani es. ¢at °deﬁE9thea§eﬁ€hPP8H@d &0 e nehys %ﬁﬁcﬁﬁéiﬁﬁﬁﬂeﬁPQﬁ S- HTE
foil evaluated in an atnosphere at 180 C cannot_be e

i nspecti on SPPBeHTEsfSFP°PgFeGEP§rﬁPﬁ|ﬁﬁ“ﬁhéﬁ& :é?iﬁﬁg rotating 'drum
recrystalllzat# g Ihus the ent ansntors ha¥ 10 detern1n3d that the
tensi | e X5t r EAGPAYSS %P?ﬂ%? %P°f6FF COPPRAi ER*MEs 2ulfiGBPESN %iding at

170 C shoul d. b \ for i nspe The
present | nvEREGRS & sénﬁéayawéavt Re=iad frgn the Fotadlhs arum cathode'

and rolled up. By controlling the characteristics of the
bulk copper layer 2 produced during the electroforming sﬁep A,
the grade of the produced copper foil is determined.

10 : An acidic solution of copper sulfate comprising copper
sulfate (CuSO,'5H,0) (280-360 g/1) and sulfuric acid (100-150
g/l) is employed as an electrolyte for the electroforming
step A. Electroforming is continuously carried out at a
solution temperature of approximately 50°C and at a current

15 density of 50-100 A/dmz, to thereby produce an S-HTE-copper
foil. In this Example, a solution comprising copper sulfate
(Cuso, '5H,0) (360 g/1) and sulfuric acid (150 g/l) was
electrolyzed at a solution temperature of 49°C and at a
current density of 100 A/dmz, thereby producing the bulk

20 copper layer 2 for producing an electrodeposited copper foil
having a nominal thickness of 18 Um.

The electrolyte employved for producing the S-HTE copper
foil 1 is characterized in that the electrolyte is subjected
to activated-carbon treatment prior to electroforming and

25 that electroforming is carried out within 20 minutes after
completion of activated-carbon treatment. The conditions of

activated-carbon treatment are as follows:'the amount of
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strength of over 300 |lots of specinens so as to establish the 15
"inspection nethod. Specifically, the inventors have neasured bow,

twi st, and the dinensions of copper-clad |am nates enpl oyi ng CEM 3,
and have confirnmed that the copper foil according to claim1l can
reduce bow and tw st and inprove the di mensi onal stability of a
copper-clad lamnate and that the 20 nethod of inspection is appropriate
for inspect pafivatederarbpgdbyoughéd iagepsontaiqt a’éq%ecﬁl'{ee(flier?"fﬂ‘hirifﬁq,ls
As defined in claim1, an el ectrodeposited copper foil whi ch can

reduce bow BRBTPHABAtEAY Onfrévd & ¥endi didder of theymlgatrojyte, and

copper-clad lam nate satisfies two conditions; 25 i.e (D

t he maxi nunth@t goBtagsc tdnec isn apR¥rrimatedy; 129 seconds.ength falls within
the aging tinme ranging from5 to 10 . 16
ni nutes and Thus,” imthe, elaetred anping 4P A dlift PUIE L9BRK
portion shown in a {tensile strength} vs. {agi n%SCtimea} curve which is
drawn i P anl®¥§TrpRafernsd ok ap S18TE DT Goilo whichs hass noly hegen,,

nore, the x-axis representing aging tinme and the y- axis representin
tensil e Strgﬁagﬁgteg to surfgcegan treatment QS obtained. For %he sake 9

of simplicity, a copper foil exclusively formed of the bulk
copper layer 2 is referred to as a "drum foil 6." Since the
drum foil 6 has not been subjected to any surface treatment,

10 suéh as anti-corrosion treatment, immediately after
undergoing electrodeposition the copper has a highly
activated surface which readily undergoes oxidation by oxygen
contained in the air.

The surface of the drum foil 6 which is peeled from the

15 rotating drum cathode 4 is shiny and smooth, since the
mirror-polished surface of the rotating cathode is
transferred to the foil surface. The thus-obtained surface
is called a shiny side 7. In contrast, the surface
configuration of the other surface, on which copper is

20 electrodeposited, is rough, since the §rowth rate of copper
crystals-varies depending on the deposited crystal plane.
Thus, this surface is called a matte side 8. The matte side
8 serves as a surface onto which an insulating material is
bonded during production of a copper-clad laminate.

25 Subsequently, in the surface-treatment step B the drum
foil 6 is subjected to surface treatment, including nodular

treatment and anti-corrosion treatment of a matte side 8.

20



In practice, when 300 or nore lots of copper foil products had been
“inspected in the aforenenti oned manner, nost of the copper foi
products.which could reduce bow and 10 tw st and inprove the di nensional
stability of a copper-clad | am nate exhibited a change in tensile
strength of 3 kg/mjerr] or nore within a tinme range of aging of 5
mnutes to 10 m nutes. Thus, the inventors have considered, on the
basi s BhecmpbEpneidsl 8r dsuptbiected FonnRd¥lan SreFtuenioppere of dehe 15
| am nate can be reduced and the dinensional stability thereof can be

i mproved wh@rumhEodilf igr epbdeptedesn electapfioraing ing @ SARRELISWHE AR ng

time of 5 mnutes and that at an agin time of 10 mnutes is 3 kg/ m®

or nore. solution| yithypnryrgenthungess condifions For darming BRL ded

20 a copper-clad | am nate enBI oyi ng an el ectr.odeposi ted copper foil

as recited faPepitfyr 1topfherpbyy fREM KoPPer micXopaFtdsdSs ed Whe foi

according to claim1, bow and tw st of a copper-clad | am nat.e;

parti cul®ar | 92tEeuwsifg Bueer as to proyids,gerougdy surfass-c IMpedyatsly

CEM 3 substrate, can he 25 .reduced and_the di gensional stability thereof

can be irrprﬁgﬁﬁ’? Fge Q‘Fﬁﬁi"tb_ﬁf‘t’el’: Fn3° &c&rsaé;‘;‘ggﬁ‘% &% seddy ‘é{actrﬁ%

accuracy iRl 88-teRetfde 9 BT TIRnE" Fo2° 16 RIOFi % ny) ¥ thereby

' prevent release of deposited copper microparticles 9. Thus,
the matte side 8 onto which copper microparticles 9 are

10 deposited is hereinafter referred to as a "nodular-treated

~side 10."

Subsequently, in the surface-treatment step B, the
nodular-treated drum foil 6 is subjected to anti-corrosion
treatment in which both sides of the drum foil 6 are treated

15 with coatings such as zinc, a zinc alloy, or a chromium-
containing plating. The thus-treated folil is dried and
rolled, to thereby produce an S-HTE copper foil to serve as a
commercial product. The surface treatment will next be
described in more detail.

20 In the surface-treatment step B, the drum foil 6 is
unwound from a foil roll and travels, in a winding manner, in
the surface-treatment apparatus 11 as shown in Fig. 7, which
is a schematic cross-sectional view. Hereinafter, production
conditions will be described with reference to the apparatus

25 11, wherein a variety of baths are continuously arranged in-

line.

Firstly, the drum foil 6 taken from the foil roll is
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facilitating production of fine circuits from copper cl ad | am nat e.

" Exanpl es

The present invention wll next be described in nore

detail by way of exanple. Specifically, the nmethod of produci ng an
el ectrodeposited copper foil according to the present invention wll

be described with reference to Fig. 6 showi ng a cross-sectional view
of an S-HTE copper foil 1 and Fig -show ng .t he productlon ste C{DS for

the copper tagnsfgrred LRtQqa PFG#l’-E‘@pbérthcllgd fidedavd them #

pr oduced from an el ectrodeposited copper foil pr oduced thr ough the
met hod, andsBbHRTigi apidagalutienshavingspasionceptydtdon of ]eandI'he
results wi Il be shown hereunder. It shoyld be noted that in Fig

| ayers whi cA 8Ptubien; éemperétae'su eff 3019

are not shown, for t he sake I.n general,

el ect r odepofeFeRAEopBer 2F0EP F?“‘B?’Sdﬁ’&& mattthF&?gﬁ"fﬁ“’@‘é’ & A AfShg
step A and a syrfacge-treatne S S- HT pper foil 1
accordi By t9*1fie B?‘é@eﬁf°¥“n55ﬁt FBﬁ'eafG fs t&FSér Et?ég'd % the sane

manner .

First t he Ietro or te bed.. In the
el ect r of or mi ng sf‘gﬁleﬂs tg‘%bf}l”k‘"‘c 3?&%%8? tllrp? té'tell R ed

copper foil

an el ectric thsggrogﬁ g?bl aft éfaPPf%%tg're ed %Ir E’%gé’g&fpetrﬁe@q?e& ks

Wi ring
cat hode 4

10

15

20

25

R e W o R S
the drum foil 6. The treatment carried out in the nodular-
treatment baths 13 involves depositing copper microparticles
9 on one surface of the drum foil 6 (in bath 13A) and seal-
plating so as to prevent release of the copper microparticles
9 (in bath 13B).

In the bath 13A for depositing copper microparticles 9
on the drum foil 6, a copper sulfate solution (sulfuric acid
concentration of 100 g/l, copper concentration of 18 g/1.
temperature 25°C) is employed, and electroplating is carried
out for 10 seconds under coﬁditions for forming burnt
deposits at a current density of 10 A/dmf, thereby depositing
copper migroparticles 9. In this case, as shown in Fig. 7,
anode plates 14 are placed so as to face in parallel to the
surface, onto which copper microparticles 9 are formed, of
the drum foil 6.

In the séal-plating bath 13B for preventing release of
the copper microparticles 9, a copper sulfate solution
(sulfuric acid concentration of 150 g/l1, copper concentration

of 65 g/1, temperature 45°c) is employed, and electroplating
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18 to surround the drum cathode. In practice, a copper

“sul fate solution is fed into a space defined by the rotatable drum
cat hode and the | ead anode, to thereby electrolyze, and copper is
deposited on the drum surface of the rotating drum 5 cathode 4. The

t hus- deposi ted copper forns a copper foil, whi ch is continuously
peeled fromthe rotating drum cathode 4 - and rolled up._ By controlling
t he charact &fi arEiedf oife for 20 gecondsysndesy Sordifiank SPTNIRL t he

el ectroform ng step A, the grade of the produced copper foil is

det er mi ned. Plaping andpptaai gurrestudessisy Odpddr A/ fn at eIBokpissrage.
copper sul fate [err] (280-360 g/l) and sulfuric _acid (100-150

g/l) is enpPBy&BowR AR Efdct ol #POICOPLANESe 14 TS AlRAGRY such fhaf he

El ectroform ng_is continuqusly carried_out at a sol utjion tenperature
of appr oxi nﬁ?g%SSBlEtSﬁdféFealeuPPé”mlleiS tojdhe CPPReTAIARPPATIEYRS , to

t hereby produce_an S, HTE-copper oil. In thi,s Exanple, a solution
conpri si’ng 23bbg?pgﬁFFﬁgesuggacﬁePﬁ]t&?Gér&ij°&ﬁdssulfuric acid (150 g/1)
was el ectrolyzed at a solution tenperature of 49 C and at a  ,
current density 8 tiOS°ﬂF&ﬁF8PrFFeFﬁ@P@ﬁyﬁﬁwﬁﬁﬁﬁﬁﬁft9ﬂ¥liﬂl@n;ﬁ?tbbpper

e 2 oL B SSuR0 R PLES RIROTLL B TR b par i BT

the S-HIE nggggsiOn-inhibiting element. The zinc concentration in the
anti-corrosion-treatment bath 15 is maintained by employing a

10 soluble anode 16 formed of a zinc plate. The electroplating
is carried out in a concentration-constant zinc sulfate
solution comprising sulfuric acid (70 g/1) and zinec (20 g/1),
for 10 seconds at a temperature of 40°C and é current density
of 15 A/dm®.

15 After completion of the anti-corrosion treatment, the
drum foil 6 is passed through, over 40 seconds, a drying
portion 17 where the atmosphere had been adjusted to 110°c by
means of an electric heater. The thus-dried surface-treated
copper foil is then wound into a roll, to thereby produce the

20 S-HTE copper foil 1 having a foil thickness of 18 MUm. During
the aforementioned steps, the drum foil 6 runs at 2.0
m/minute in the surface-treatment apparatus 11. A rinsing
bath 18 capable of performing about 15 sec. water-rinsing is
arranged between successive operation baths, thereby

25 pfeventing the solution from being carried over from the
previous bath.

Sheets of the thus-produced S-HTE copper foil 1 and a
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foil 1 is characterized in that the electrolyte is subjected ‘to
“activated-carbon treatnent prior to electroformng and 25 that

electroforming is carried out within 20 mnutes after conpl eti on of
activated-carbon treatnment. The conditions of acti vat ed- car bon
treatnment are as follows: the anmpbunt of

19 activated carbon brought into contact with the

el ectrol yt eshget of GEMr3xpuheérpte. hayimey & Shickness &f IR0 dmatans yte,
and the contact tinme is aggr oxi mat el y 2%&seconds Thus, in °
the el ect rol@8miPagedy eﬁ°AthFH§ uPI>'E'° 8-gided qopnsky Gradn S HTE
copper foil _which has not ected to surface any treatnent is

obt ai ned. Fb?mi-ﬁét§a§83°1men5f ‘§Pr’rﬁF‘1 CI 9;9 o) copBErlngtiopyefubpPVel FWiGitned |
the  ar et BLReRERaEaly EeaBaA LEN PR tIe CRoRIPenn MAR RAREARAA . | 10

ol ect  odopokPEPBAR: FBec %ﬁﬁiﬁgﬁﬁf@ meRPGRR | Cactivated surface which

The. surt ﬁggeggofﬁeoﬁ%‘%t Lot o 88 cospas B B e 1 A RamiaE e, um

cat hode 4_is shiny and %e evalugkg%eb&h%lac1ngnkg% r-%ecf%ggﬂ %%HEFC%:Of
the rotati n@p%‘éf'ﬁ 88 1§

applying any load, on a level block of high flatness. The
bow was.evaluated in accordance with JIS C-6481, 5.22. The

10 specimen was placed on the level block such that the convex
side of the specimen was the upper side. The maximum
distance from the upper side of the level block was measured.
The bow ratio was calculated from the following formula:

Bow ratio (%) = (H/L)*100;

15 wherein L represents the width of the copper-clad laminate
specimen placed on the level block and H represents the
maximum distance measured from the upper side of the level
block.

Twist was evaluated in accordance with IPC-TM-650,

20 2.4.22. The specimen was placed on the level block of high
flatness such that the convex side of the specimen was the
upper side and three of four corners remained in contact with
the level block under application of a load. The maximum
distance between the remaining-corner and the surface of the

25 1level block was measured. The twist ratio was calculated
from the following formula:

Pwist ratio (%) = (D/L)*100;
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transferred to the foil surface. The thus-obtai ned surface is called a

"shiny side 7. In contrast, the surface configuration of the other
surface, .on which copper is 20 electrodeposited, is rough, since the
growm h rate of copper crystals varies dependi ng on the deposited
crystal plane. Thus, this surface is called a matte side 8. The matte
si de 8 serves as a surface onto which an |nsulat|n% material s
bonded durlﬂﬁeﬁPbEuEtFGHrGFe&téoﬁﬁGrdﬂqg9qﬁ%nqkﬂﬁ9“°%2 the spaaimgRnt |y,

in the surface-treatnent step_B the_drum foil Is_subjected to .
surface treBLARAE, °PnEP&dFﬁ§eﬁoH&P§# and QJQ%BﬁﬁﬁﬁPEﬁufhﬁﬂﬂa*iﬂq%s|on
treatnent of a matte_ side 8.

The matte sfiigtance ?Eﬁﬁ@@?e&hﬁorﬁ&ﬂ&P&Pﬁnﬁ%ﬁﬁﬁﬁﬂanq the suygpface °%r?ﬁﬁ

foil is subj ected to electroformng in a copper sulfate solution with
a current uh@ER1cBABFKIons for form ng burnt dep05|ts to thereby form
copper nlcropartlcles 9 on.the 5 matte side 8 {x)?s,to ovj de a rp

surface® InnedlaPéF?n51°n%%tﬁﬁaqﬁﬁiqﬁﬂﬂiﬂthﬁ}u f%ﬂla Rt o
fﬁgleglatl 915 Sééﬁﬂ hé?égurrigtagnder condltlong for z 5 ﬁeatlng,
y r or se potifed EBBpEPERiBRBpAP ?Hﬁs
(e TECE .Sk, SrRTASALC RSB B . AP RIS
such that the interval between two adjacent holes was 250 mm.
After the specimen had been allowed to stand for 24 hours in
10 an atmosphere of 20°c and a relative humidity qf 60-70%, the
- distance (l1l,) between two arbitrary adjacent holes was
measured. Subsequently, both copper foil layers of the
specimen were removed by etching, and the specimen was dried
at 80°C for 15 minutes. After the specimen had beén allowed
15 to stand for one hour in an atmosphere of 20°c and a relative
humidity of 60-70%, the distance (1,) between two arbitrary
adjacent holes was measured. By use of 1,, the dimensiomal
change due to etching was calculated. In addition, the
etched specimen was heated at 170°C for 0.5 hours. After the
20 specimen had been allowed to stand for 1 hour in an
atmosphere of 20°C and a relative humidity of 60-70%, the
distance (1,) between two arbitrary adjacent holes was
measured. . By use of 1,, the dimensional change due to
heating was calculated. The following formulas were employed
25 to calculate dimensional stability:

[Dimension change ratio after etching (%)] =
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side 10." Subsequently, in the surface-treatnent step B, the
"nodul ar-treated drumfoil 6 is subjected to anti-corrosion treat nent
i n which.both sides of the drumfoil 6 are treated 15 wth coatings such .
as zinc, a zinc alloy, or a chrom um contai ning plating. The
thus-treated foil is dried and rolled, to thereby produce an B-HTE
copper foil to serve as a comerci al product. The surface treatnent
will next be [Ddmemsiload changs ratdcaiattenteating | (kkhe |
surface-treatnment step B, the drumfoil 6 is unwound froma foil rol
and travels, in élunndﬂlb/haﬁhé#0°1 n t he surface-treatnent apparatus
11 as shown in Fig. 7, which IS a schematic cross-sectional view

Her ei nafter, production conditions will be described with reference to
the apparatus. 25 11, wherein a variety of baths are continuously arranged
i n- | i fable 1 Firstly, the drumfoil 6 taken fromthe foil roll
i's _Bow ratio (%) 2T it pansterred inioja

pi ckling battr—12 iﬂ?ghvggﬂhdi&QYUIeu | surfuricT ac1g‘§0|u§|0n HdVIH a

concentrat t k

coneentr e g T LT T A R AR WY

L

-

excessi ve | eating MD: 0.030 TD: 0.010
5

MD: Measured in the machine direction of rolling of
electrodeposited copper foil during production.

TD: Measured in a direction normal to the machine direction
(MD); i.e., in a transverse direction.

10
Comparative Example
The procédure of Example was repeated, except that the
elctrolyte employed in the electroforming step A was not
subjected to activated-carbon treatmeﬁt, to thereby produce
15 an electrodeposited copper foil having a thickness of 18 HUm
and to evaluate the properties thereof. Repeated description
of details of the procedure is simplified or omitted. The

results of evaluation are shown in Table 2.
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5 oxide filmfromthe surface of the drumfoil 6. ~After the drum

"foil 6 has been treated in the pickling bath 12, the foil is
transferred into nodul ar-treatnment baths 13 in order to form copper
m croparticles 9 on the surface of the drumfoil 6. The treatnent
carried out in the nodular- 10 treatnent baths 13 invol ves depositing
copper mcroparticles 9 on one surface of the drumfoil 6 (in bath
13A) and seBable 2 p|atj ng so as to prevent rel ease of the copper

m cropartictes §$4|§55§3ru%5ﬁ3 M the oagnoldA for
deposi ti ngreopper—t G P al.L, t:(v%) 15—orthe—druomf UI | r,‘ 2, a coppet
sul f at e sofutt-en (&:‘ﬂfwic a3e €01€ ntr" IGF‘ af gH—€coppe
concent rat | orPigtensiopal | A qe;ﬂ}fm:"ﬂqﬂ 25[ WF" mlnTBﬂUB q;"‘l
eIectropIaiﬁﬁfh%Q%EYrEiH Aftey theafd qchquouﬂngrgc ndi TP&nQ - PE7

form ng burnt deposits at a current density of 10 A/dnR, thereby
depositing 20 copper mcroparticles 9. 1In this case, as show in Fig. 7,
anode pl at eMDi14Measupkdcéd theamachibecdireqrdiom lofl rodlltihgy of surface,

onto which sieaee&omegsga%hl cbppe? #Foaf %@P&g ‘i:froductltd?!e drumfoil 6.

In the seal reventing rel ease of PPES

i cropart i C'ng guESépéP ?ufiflé‘f%'%(?ﬁﬁ 6%'31 to i&ﬂ ﬂ?ﬁ%’clnfcrbgi ion
concentrat | 6¥Dbd# 156- -g/ An éoﬁﬁ‘épsl?éﬁ‘@énldrlélelcd}ﬁﬁn- of 65 g/l, tenperature
45[err]C) is enployed, and el ectropl ating

22

As is clear from Tables 1 and 2, the values in Table 1,

showing the results of evaluation of copper-clad laminates

10 employing the electrodeposited copper foil of the present
invention, are lower than those in Table 2. In addition,
each value shown in Tablg 1l is satisfactory for a copper-clad
laminate produced through employment of the S-HTE copper foil
according to the present invention. The results indicate

15 that bow and twist of coppér-clad laminates can be reduced
and that the dimensional stability thereof can be improved by
employing the S-HTE copper foil according to the present

invention without carrying out cumbersome additional steps.

20 Effects of the Invention
By employing, in a printed circuit board, a copper-clad
laminate produced through employment of the S-HTE copper foil
according to the present invention, bow and twist of the
laminate can be reduced and the dimensional stability thereof
25 can be improved. Reduction of bow and twist results in

uniform adhesion between a resist and the copper foil surface.
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is carried out for 20 seconds under conditions for |evel pl ati ng and
"at a current density of 15 Aldnferr]. In this case, as shown in Fig.

7, anode.plates 14 are placed such that the anodes plates face in
parallel to the copper-mcroparticles 5 (9)-deposited surface of the drum
foil 6. Anti-corrosion treatnent is carried out in an anti-
corrosion-treatnent bath 15, by use of zinc serving as a

corrosi on- |ﬂhﬁ%rtPﬂngFEnéhghtTﬁEPQFﬁ€ecGﬁ@e#@r@FPUHQQﬁtQRathe applied
anti-corrosion-treatnment bath 15 is maintained by enploying a 10 soluble
anode 16 foFe@dsbi EhEFﬁprF&Pél1YTE§°§P€GPBO@%ﬂﬁquflrculqﬁy cThroaghout in

a concentration-constant zinc sulfate sol ution conpri sing sulfurlc
acid (70 g/iyprevenrent pfothe| fimensiopgl shabdddit¥s oft ag WPRRL AIAT of
40[err]C and a current density of 15 Aldnmerr]. 15 Af ter

conpl eti on %#m%H%tantFDESFFBXPSnmPFSHﬂHSnF°rtW€°d“°1n@rmmmﬂiql 6-3¥eHassed
t hrough, over 40 seconds, a drying ortion 17 where the atnosphere had
been adpustRBirbed 1BiEipgcPRyr cannﬁéﬁ§ ¥t bgn perLormed -neFpdp. 1¥he

t hus-dried surface-treated per. foil is then wound intg a roll, to

t her eby pr o¥FERREAGSOYS P%"FH’E“&Bﬁ ¥r ipop mpsgadamdnation mekhadhard & 18

[err]m Durlnﬂ t he af orenenti oned steps, the drumfoil 6 runs at 2.0
mminute i ¥ %dsHPfBEEhPPeatnent apparatus 11. A rinsing bath 18
capabl e of perform ng about 15 sec. water-rinsing is arranged between

successi ve operation baths, thereby 25 preventing the solution from being
carried over fromthe
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previ ous bat h. Sheets of the thus-produced S-HTE copper foil 1

"and a. 23 sheet of CEM 3
substrate having a thickness of 150 [err]mwere ~ lam nated, to thereby
produce doubl e-si ded copper-cl ad | ami nate specimens (30 cmx 30 cm).
Eval uati on of bow, tw st, and di mensional stability of the specinens
was perfornmed 5 through the follow ng _net hods. Bow and tw st of
t he doubl e-si ded copper-clad | aminate €lai®§eci nens were eval uated by
pl aci ng each speci nen, wi_thout appl ying any load, on a |level block of

high flatness. THe A2 elsftredenesifede Fanrer dstidatthdal 1 thI S rc]: 6481,
5.22. The 10 specingn was placed on the | evel block such that the convex
si de of the’?ﬁéﬁ’% q&é’?sc ﬁ’éyﬁt?ﬁéilngcfé: o trpRemature derimgince fromthe
upper side of the l.evel Dblock was neasured. . The bow rati o was

cal cul at ed PFOMUERd M Q5B APRRSEAALRd laminate qRRIowing qmy = (H L) x100;

15 wh ' ts .t i dt h of the copper-clad | am nate .
Speci mort pl 360 ERERE LSS HERAE A1 1 S thean S1oRaat hom as

di stance measured fr t he upper, side of the |evel bl ock. -
Twi st was e épbaf“édli%g Q& IPFEndD W1 RUmSSPhaRs; Rt 180°C, wherein

the maximum rate of decrease in maximum temsile
strength falls within an aging time ranging from 5 to 10
minutes in a process in which tensile strength decreases as

10 time elapses during aging in an atmosphere at 170°C, and

the change in tensile strength in a knick portion shown
in a {temnsile strength} vs. {aging time} curve which is drawn
in an x-y plane and which has a kﬁick portion is 3 kg/mm2 or
more, the x-axis representing aging time and the yv-axis

15 representing tensile strength.

2. A method of inspecting, in terms of physical
properties, an electrodeposited copper foil as recited in
claim 1, comprising

cutting an electrodeposited copper foil of omne

20 production lot so as to prepare two strip specimens having
dimensions of 1 cm * 10 cm;

subjecting one specimen to aging at 170°C for 5 minutes
and the other specimen to aging at 170°C for 10 minutes;

subsequently cooling the specimens to room temperature;

25 subsequently setting each specimen into a tensile
tester; |

applying a tensile force at a rod speed of 10

————
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20 2.4.22. The specinmen was placed on the |evel block of high fl at ness
“such that the convex side of the specinen was the upper side and three
of four corners remained in contact with t he | evel bl ock under
application of a |load. The nmaxi num di stance between the renaining
corner and the surface of the 25 |1level block was neasured. The tw st
ratio was cal cul at ed fromthe follow ng formula: Twi st ratio
(% (D' L) ppdpinute; and 24

mhereln L represents the diagonal distance of the specinen pl aced on
the | evel bl ock Bea@sprisggr shenmaxiganbenfite strengih e wwween
remai ning corner and the surface of the | evel bl ock.

Di mensi onal 8t 6i FPt §oRA Ty §hast &he Aiffeseaasc bajmarn the‘ﬂWF(XﬁﬁHFS
5.16. In practlce the specimen (30 cmx 30 cm was drilled to forma
reference hdfe3akaémmh @Brmeret her eof such that the interval between
two adj acent holes was 250 mm After the speci nen had been allowed to
stand f& 24 houfs i cﬁﬁpeﬁhcéﬁﬁoéﬁﬂéPétSfeEBF@VFPQ 2Rd edectrodeposited
hum dity of 60-70% the di st.ance éagerr between two arbitrary

adj acent hoP@BPGEsToll agpreqitgd am,cdgd®di-y, both copper foil layers of
t he speci nen were renoved by etching, and the specinen was dried

A
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at 80[err]C for 15 mnutes. After the specimen had been allowed 15 to
‘stand for one hour in an atnosphere of 20 [err]C and a relative
hum dity ~of 60-70% the distance (1[err]) between two arbitrary

adj acent hol es was neasured. By use of 1[err], the dinensional change
due to etching was cal culated. In addition, the et ched speci nen was
heated at 170[err]C for 0.5 hours. After the 20 specinen had been all owed
to stand for 1 hour in an at mosph@P&tFaI0[ err| C and a relatlée

hum dity of 60-70% the di stance (12) between two arbitrary adjacent
hol es was meRe REeseRt [Lrvention prevideseaRi shartrrdrgesated o

heating was cal cul ated. The follomﬁng formul as were enployed 25 to

cal cul ate diSPRST 1¥n¥ﬂﬁqht§9 ves Pr°blemf[?ﬁeﬁ%?ﬁﬁr€ﬁﬁﬁaﬁlFS§|6°§PF€F

0 100;
S "9 (M eraa 1am1natﬁ*b"rfé {38 HimgEoi uihes beeh MREPFRRTRLFLLs —such

R Bow ratio (¢
err] 1@ /b[oerr] ﬁf“% 0,3001' gbmen51ona1 stab1116¥5 and a mgt od

(1]

1.0

Di nensi onal After q:t.chl n%l d 0395 tst ability
Cop A tor REadREPectify Hh pIpotroderdsised sapper stoll so as to assure

the quality of the foil. In the invention, there is employed
an electrodeposited copper foil which recrystallizes by
heating at low temperature during production of a copper-clad
10 laminate employing an electrodeposited copper foil and which
exhibits an élongation as high as-ls% or more in an
atmosphere of 180°C, wherein the maximum rate of decrease in
maximum tensile strength falls within the aging time ranging
from 5 to 10 minutes in a process in which temsile strength
15 decreases as time elapses during aging in an atmosphere at
170°c, and the change in tensile strength in a knick portion
shown in a {tensile strength} vs. {aging time} curve which is
drawn in an x-y plane and which has a knick portion is 3 |
kg/mm2 or more, the x-axis representing aging time and the y-

20 axis representing tensile strength.
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MD: Measured in the machine direction of rolling of el ectrodeposi ted

copper foil during production. TD: Measured in a direction normal to

t he machi.ne direction (MD); i.e., in a transverse direction. 10
Conpar ati ve Exanpl e The procedure of Exanple was repeated, except
that the elctrolyte enployed in the electroform ng step A was not
subjected to activated-carbon treatnent, to thereby produce 15 an

el ectrodeposited copper foil having a thickness of 18 [err]m and to
eval uate thffgggperﬁies t hereof . Repeat ed description of details of

t he procedute ssitplified or onitted. The results of evaluation are

shown in Table 2. 26
Table 2 :

Aging conditions 170°C X 5 minutes

Aging conditions 170°C X 10 minutes



Bow ratio (% 5.0 Twi st ratio (%

3.2 D nmensi onal After etching MD: 0.063 TD: 0.034
stability (%9 After heating MD: 0.108 TD: 0. 057 VD
Measured in the machine direction of rolling of el ectrodeposi ted copper
foil during production. 5 TD: Measured in a direction normal to the
machi ne di rection (MD); i.e., in a transverse direction. As
is clear fromTables 1 and 2, the values in Table 1, showi ng t he
resul ts of grigsfti of copper-clad |lamnates 10 enploying the

el ectrodepoSi t %é%?er foil of the present I nvention, are |ower than
those in Table 2. In addition, each value shown in Table 1 is
satisfactory for a copper-clad | am nat e produced through enpl oynent of
the S-HTE copper foil according to the present invention. The results

indicate 15 that bow and tw st of copper-clad | am nates can be reduced
and that the dinensional stability thereof can be inproved by

enpl oying the S-HTE copper foil according to the present i nvention

wi t hout carrying out cunbersone additional steps. 20

Ef fects of the Invention By enploying, in a printed circuit

board, a copper-clad | am nat e produced t hrough enpl oynent of the S HTE
copper foil accorps ' ' and twi st of the

| am nate can be reduce eof 25 can be

I mproved. Reduction 0 or m adhesi on
between a resist and t

Aging conditions 170°C X 5 minutes

Aging conditions 170°C X 10 minutes



27 Thus, uniformlight exposure can be provided on the
applied resist, thereby readily producing finer circuits. Through

i mprovenent of the dinmensional stability of a copper-clad | am nat e,

i nterlayer matching for producing a nmulti-layer 5 printed wiring board
can easily be performed. This is advant ageous particularly in a
mass-| am nati on nethod and a bui | d-up net hod.

Fic. 3

Aging conditions 180°C X 5 minutes

Aging conditions 180°C X 10 minutes



28 d ai ns 1. An

el ectrodeposi ted copper foil which: recrystallizes by heating at |ow
t emperature during production of a copper-clad | am nate enpl oyi ng an
5 el ectrodeposited copper foil; and exhibits an el ongation as hi gh as
18% or E9 ﬁEQn t nosphere at 180[err] C, wherein t he maxi mum
rate of decrease in maxi mumtensile strength falls within an aging
time ranging fromb5 to 10 mnutes in a process in which tensile

strength dedrleasganas?®) 10 tine el apses during aging in an atnosphere at
170[err]C, and the change in tensile ength in a knick portion
shown in a {tensile strength} vs. {agl(r;g { curve Wmch i s drawn

in an x-y plane and which has a knick porti gﬂlﬂﬂ@‘ﬂ@?’?ﬁﬂ‘é?r] &°C nor e,

t he x-axis reprdgs ing time and the y-axis
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15 representing tensile strength. 2. A nethod of inspecting, in
ternms of physical properties, an el ectrodeposited copper foil as
recited in claim1l1, conprising cutting an el ectrodeposited
copper foil of one 20 production lot so as to prepare two strip specinens
havi ng dimensions of 1.-cm[err] 10 cm subj ecting one
specinmen to aging at 170[err]r 5 mnutes and the other specinen to

agi ng atl:liécas 10 m nut es; subsequent|ly cooling the specinens
to room re; subsequently setting each specinmen into a
tensile tester; applying a tensile force at a rod speed of
10 ' mm m nute; and

measuring the maxi numtensile strengt q,\ﬁaCh speci nen so as to
confirmthat the difference between t'HBr'% val ues is 3 kg/mR2 or nore.
5 3. A copper-cl ad Ianlnate oyi ng an el ectrodeposi ted copper

foil as recited in claim1.
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Electroforming step A
Surface-treatment step B
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