SPECI FI CATION Title of the Invention Lam nates for Use in HDD Suspensi ons
and Process for Preparing the Sane Field of Technology This invention
relates to |am nates for use in HDD suspensions and also to a process for
preparing the sane. Background Technol ogy An HDD (hard disk drive)
suspensi on has been prepared by etching stainless steel foil, and a
magneti ¢ head, such as a thin-filminductive head is nounted onto the tip
of such suspension and wire bonded with gold wire. In recent years,
however, concentrated studies a at reduced size, higher
density and hi gher capacity of FﬁffggngW@Y ﬁgpggﬁdles progress, reduction
of flying height of a slider onto which a magnetic head is nounted has
beconme a thene of the utnost inportance. Fromthis viewpoint, the
convent i ondlitlgof thedinvestiblave presented an obstacle to reduction of flying
hei ght because of their resistance to air and rigidity. Mreover, wre
bonding with such gold wires presents difficulties in autonating the step
for connect i ng, ol et 5 gib tlérfs ocdS 6 }%{5 Subde
probl ens rel at to wre wre, ces su
di scl osed in Japan Kokai Tokkyo Koho Sho 60 246015 (1985) pr oposes to
effect patterning with electrically insulating polyimde directly on a
stai nl ess §1@@0f&éﬁhn<&¢ﬁ forma circuit with copper on the polyinide
patterns in order to formsignal lines directly on a suspension in place of
the aforenentioned gold wire. A1l suspensi on on which signal lines are
formed directTyisiifvédtich FAMMRE o BiminRgesSRY eBlih @DD %h@@n@iohé’ 286 to a
suspensi on does not cause problens of interference wt

process for preparing the same.

Background Technology

An HDD (hard disk drive) suspension has been prepared by etching stainless
steel foil, and a magnetic head, such as a thin-film inductive head is mounted onto
the tip of such suspension and wire bonded with gold wire. In recent years,
however, concentrated studies are under way aiming at reduced size, higher
density and higher capacity of HDD and, as the studies progress, reduction of
flying height of a slider onto which a magnetic head is mounted has become a
theme of the utmost importance. From this viewpoint, the conventional gold wires
have presented an obstacle to reduction of flying height because of their resistance
to air and rigidity. Moreover, wire bonding with such gold wires presents

difficulties in automating the step for connecting gold wires with a magnetic head.

As a solution to the problems related to wire bonding with a gold wire, a process
such as disclosed in Japan Kokai Tokkyo Koho Sho 60-246015 (1985) proposes to
effect patterning with electrically insulating polyimide directly on a stainless steel
foil and form a circuit with copper on the polyimide patterns in order to form signal

lines directly on a suspension in place of the aforementioned gold wire. A



reduction of flying height of a slider due to resistance to air and
rigidity of signal lines and al so makes it possible to automate the
connecting process of a magnetic head. On the other hand, Japan Kokai
Tokkyo Koho Hei 5-131604 (1993) discloses a process for |am nating
polyimdes to a thin nmetal sheet. However, no attention is paid to the

t hermal expansion of the polyimdes in use and hi gh values of the thernal
expansi on cewspbnsiperon whictr sgedlylinkissatecfoenied tireotly iggbsst mtahmr oefieest-i on

tends to oc readily after renoval of the netal etc fromth
o st o, O illeg BESeay itad isoaenien et DAL AT PEBEER e SRk

variation i &d%@ﬂgﬁ Ly ﬂ%ﬁltgrlfg]%’;th)f % eAubhE rgﬁgiﬁhcesébeﬁ} aﬂa%gtuﬁl?y Qloié/ 41 de

layer and, in additio rratl cal heat resistance, makes
applicati onlinds &dd alsprxmi@ssit ﬁd)sfsfbl@tﬂ hutom dDEhe caproisn® pocesiiud g, magmeeic opment
of materials free of the aforenentioned problens was | ooked for.

Accor di ngl yhe% object of this invention is to provide |am nates which
produce m ni mal deflection during etching and are suitable for
integrally-wred suspensions and to provide a process for preparing said

| ami nates. Af iG] the6tBB8S h¥Rd, Stapdh Sokal Tbiaﬁyoakeﬁ&me%ugm {1begyRliscldaes Rr esent
i nventors have found that the formation of polyimde with specified |inear

expansi on cpeskcésscioe dmanradingdivdsimidesstor 2 tiginmetal sheet bidseevent mr ataéntgmvles
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conduct or wheideitd dcb@ rdadeigraferremdivanol tief fle€dl byt etohing feorh alienadinate.
Moreover, lamination performed as disclosed tends to show variation in adhesive
strength between the metal sheet and the polyimide layer and, in addition, gives
problematical heat resistance, which makes application of this process difficult to

HDD suspensions. Thus, development of materials free of the aforementioned

problems was looked for.

Accordingly, an object of this invention is to provide laminates which produce
minimal deflection during etching and are suitable for integrally-wired

suspensions and to provide a process for preparing said laminates.

After intensive studies of the aforementioned theme, the present inventors have
found that the formation of polyimide with specified linear expansion coefficient
and adhesive strength on the base material gives laminates suitable for HDD

suspensions and completed this invention.
Disclosure of the Invention

This invention is related to laminates for use in HDD suspensions comprising a

stainless steel base material and successive layers formed thereon of polyimides



polyimdes is in the range of 1 X 10 [err]/ [err]Cto 3 x 10 [err]/[err]C
and the adhesive strength between the stainless steel base material and the
| ayer of polyimdes and that between the |ayers of polyimdes and the

el ectrical conductor are 0.5 kg/cmor nore respectively. This invention is
also related to a process for preparing |amnates for use in HDD

suspensi ons conprising_applying a solution of polyimde precursors or

pol yi mi des ## 8nelackryeal condustpravhesein thedinpas gxpansios coplisienyal beilarerift h a
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[err] mand gréndtBdetwedinthel @ankesblcblhf3tm erih] #nd the 18§l df pbBihides hed 3 X 10
[err]/ [err]C, and contact-bonding said | ayer of polyimdes under heat to a

| ayer of antheitbetwéenathedayets of polyimités and thecdesssisalebnBictar 226 O[5k g/drmor
Furthernore, this invention is related to a process for preparing | am nates
for use in %E‘iﬁ?ﬁ‘gﬁ??%ns conpri sing applying successively a sol ution of
polyimides with high thermal expansion 1 or a solution of polyimde
precursors with high thermal expansion 1, a solution of polyimde
precursors w Thid iwehbien rislalsexjpbuted oma procksa fsoprdpafing dimjnites for des i t h

hi gh thermal expansion 2 or a solution of polyimde precursors with high

t her mal expHRd} diispensions sempnsias sapplEag daspdutinn of ipalyimiden PEecursoEk 9Bss of
10 to 70 [err .dryin erformng heat .treatnment at 250 C.or higher to
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Furthermore, this invention is related to a process for preparing laminates for
use in HDD suspensions comprising applying successively a solution of polyimides
with high thermal expansion 1 or a solution of polyimide precursors with high
thermal expansion 1, a solution of polyimide precursors with low thermal
expansion, and a solution of polyimides with high thermal expansion 2 or a
solution of polyimide precursors with high thermal expansion 2 to a stainless steel
base material with a thickness of 10 to 70 x m, drying, performing heat treatment
at 250 °C or higher to form a layer of polyimides with a thicknessof 3t020 um
and a linear expansion coefficient of 1 X 10 % °C to 3 X 10 ¥ °C, and contact-
bonding said layer of polyimides under heat to a layer of an electrical conductor

with a thickness of 3 to 20 1z m.

There is no specific restriction to a stainless steel base material to be used in
the laminates for HDD suspensions of this invention. However, it is preferably

SUS 304 or more preferably SUS 304 tension-annealed at 300°C or higher from



t he viewpoi nt of spring characteristics and di nensional stability required
for suspensions. The thickness of the stainless steel base material is
preferably 10 to 70 [err], nore preferably 15 to 51 [err]m As a base
material for HDD suspensions, the thickness is preferably in the range from
18 to 30 [err] mfromthe viewoint of reduction in size and wei ght and
rigidity of HDD suspensions. A stainless steel base material with_ a
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nounted is not anmenable to reduction of flying height. A stainless steel
base mat er ithicknessbis pderably trhitlse iravgenfrioon 18rtef 3 adrhyfrdrastha diewmant of
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heated at 3BO[lemid4tefad BAdtdHtIESs inrdliabilitgNehdnhGsedviar A@pedsigIDIEsEe (R a )
along center line on the surface to be lam nated to the layer of polyimdes
i s pref er atherdgand) adase mater#arith hshicknessrin exgsanef Bh vooehdwoexeessively t he

shrinkage after.heat treatnent exgeeds the afqrenentioned.range or . yal ue,
The. | am nat@ESHIat 8hPOUOELITE MU e P PGS BB o T ARl en | he
aver age royghp@ssiohBrAyingAhag. center line is less than 20 nm it becomes
difficult to obtain su1yfi ci ent adhesi on between the stainless steel base

mat eri al and polyi m des. Conversely, an average roughness in excess of 300
nm produces the possi bi y of adversely affecting the flying behavior as a
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of polyi m dash BRshd@ufsvRréBiaid loay#iidinal directions with the difference between the
two directions kept at 0.15 X 10 % °C or less, it preferably shrinks 0.025% or less
in both directions when heated at 330°C for 30 minutes in air, and the average
roughness (R a ) along center line on the surface to be laminated to the layer of
polyimides is preferably 20 to 300 nm. When the linear expansion coefficient or the
shrinkage after heat treatment exceeds the aforementioned range or value, the
laminates tend to produce large deflection. On the other hand, when the average
roughness (R a ) along center line is less than 20 nm, it becomes difficult to obtain
sufficient adhesion between the stainless steel base material and polyimides.

Conversely, an average roughness in excess of 300 nm produces the possibility of

adversely affecting the flying behavior as a suspension.

A layer of polyimides useful for this invention means a layer of polymers
containing imide linkages in their structure such as polyimides, polyamideimides,
and polyetherimides. In this case, the layer of polyimides may have a multilayer
structure consisting of plural kinds of polyimides. The thickness of the polyimide

layer is 3 to 20 u m, preferably 5 to 15 u m, or more preferably 7 to 12 x m. When



structure consisting of plural kinds of polyimdes. The thickness of the
polyimde layer is 3 to 20 [err]m preferably 5 to 15 [err]m or nore
preferably 7 to 12 [err]m Wen 4 t he thickness of the polyimde |ayer
is less than 3 [err]m the electrical insulation becones |less reliable and
at the same tinme the electrical characteristics deteriorate. On the other
hand, a thickness in excess of 20 [err]mnakes it difficult to perform

pat t er ni ng thé thisknéssi efederioltimideylaypr éx lesk dhan Bhe nh.i the slectrigad imgudation
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t he | am natpatteenity of polyehides twith high predisival by etching of the electrically

conductive layer or the stainless steel base material. Furthernore,
| am nates of this invention for use in HDD suspensions are required to
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el ectrical by ppmdicts gex! ayer @nfefeRdipalsyi i de - ayes 2.5Far 10 i . veRson, it
is desirable for the polyimde layer to have sonme adhesi veness. |n general,
however, t libe éinear exptamsivaroyfiicleat op theypalyigudesnisteithar lesnélzan &xpalki/o
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In consequé%(%é% &teﬁé%g%?ﬁ%:ﬁl{rcg Rl ieggﬁ%oﬁtggﬁ%ﬁg%%gg% o?tgpgﬁyi mdes in this
invention is multilayer consisting of at |least two |ayers, nanely, a |ayer
of polyimdes_of |ow thermal expansion with a |inear expansion coefficient
of 2.5 x 10 [Ewrthermpener lagninatesesh thisdinyeptige fonuspdr WRPdeusPeRsipRyAre her mal
expansion Vx\'ne&&ré’j‘d lt!) n(?ee\‘rrélop an adhesive strength of 0.5 kg/em or more between the
stainless steel base material and the polyimide layer and also between the
electrically conductive layer and the polyimide layer. For this reason, it is desirable

for the polyimide layer to have some adhesiveness.

In general, however, there is a tendency that polyimides with a linear
expansion coefficient in excess of 3 X 10 "%/ °C show relatively good adhesion to
metals while polyimides with a linear expansion coefficient of 1 X 10 °C to 3

X 105 °C do not show good adhesion to metals.

In consequence, the structure desirable for the layer of polyimides in this
invention is multilayer consisting of at least two layers, namely, a layer of
polyimides of low thermal expansion with a linear expansion coefficient of 2.5 X
10 %/ °C or less and a layer of polyimides of high thermal expansion with a linear
expansion coefficient of 3 X 10 % °C or more, and the layer of polyimides of high

thermal expansion is in direct contact with the electrically conductive layer.

Still more desirable is a three-layer structure consisting of a layer of polyimides



expansion coefficient of 3 x 10 [err]/ [err]C or nore, and the |ayer of

pol yi m des of high thermal expansion is in direct contact with the

el ectrically conductive layer. Still nore desirable is a three-|ayer
structure consisting of a layer of polyimdes 5 of high thernal
expansion 1, a layer of polyimnides of |low thermal expansion, and a |ayer of
pol yi m des of hi gh thernmal expansion 2. Here, the |inear expansion

coef fi ci entof bight ﬁmrmyexxsamfonpblaﬂayﬂrcté@obrﬂmtﬂeg of olwetheahaleexpansiomrand aand 2
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expansion in this manner enables the formation of a resin_|ayer satisfying
both | ow tweﬁwth@xﬁ%h%ﬂmﬁalaﬁapmsmmgoeéﬁm%ﬁ eh thepdaesrofi nedyishdeshef lo#yer of
polyim des s _essential in r| tin, I this invention.nto HDD
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I nvention shows an etching rate of 5 [err]mor nore when imerSed in 100%
hydrat ed hymtymides efthigh[therm4l. ex‘ﬁlaambaynrthmfmpnﬁgm ariaties the fardniationmfent i on
Is desirably of multil ayer qE_lruct re consisting of a layer of polyimdes of
| ow t her nalte8RPaYR: Bhishiee Bothdgw therma) &xy%ﬁl%gn%ﬁtrm BeRnml- expansi on.
In the cases where the | ayer of polyimdes assunes such multilayer
structure, it is desirable that each |ayer of polyimdes shows an etching
rate of 0.5 [Rattdiig offhie@aydeNpslyireideet dstent0 % My dicatiaglafiidane bhgiat
50[err]C. Polyimdes useful for this invention are prepared from di am nes
and t et r acanention intaEHRD susnenaiony endadbe dayeor wh pelyimides isndesinablytesghmbipy

synt hesi s of

with ease. It is therefore desirable that a layer of polyimides to be used in this
invention shows an etching rate of 0.5 zm or more when immersed in 100%
hydrated hydrazine at 50°C. The layer of polyimides in this invention is desirably
of multilayer structure consisting of a layer of polyimides of low thermal expansion
and a layer of polyimides of high thermal expansion. In the cases where the layer
of polyimides assumes such multilayer structure, it is desirable that each layer of
polyimides shows an etching rate of 0.5 um or more when immersed in 100%

hydrated hydrazine at 50°C.

Polyimides useful for this invention are prepared from diamines and
tetracarboxylic acid derivatives as raw materials in two steps by synthesis of
polyamic acids which are precursors of polyimides and imidation. The
tetracarboxylic acid derivatives include tetracarboxylic acids and their acid
anhydrides, esters, and halides and acid anhydrides are preferable for ease of
synthesis of polyamic acids. The imidation reaction is normally carried out by
applying a solution of polyamic acids to the base material such as stainless steel,
drying to remove the solvent, and heating at high temperature. When the solvent

solubility after the imidation is good, it is possible to carry out the imidation in



polyam ¢ acids which are precursors of polyimdes and imdation. The
tetracarboxylic acid derivatives include tetracarboxylic acids and their
acid anhydrides, esters, and halides and acid anhydrides are preferable for
ease of synthesis of polyamc acids. The imdation reaction is normally
carried out by applying a solution of polyam c acids to the base materi al
such as stainless steel, drying to remve the solvent, and heating at high
t enrper at ur esolvfien thhbeaimg/élmt pelyhmix BCIﬂySOésimQ;r Thiseiniidatert ireactios mapde it s
possible to ca atlon in | ution by t he

Dol yani o a RSBt AOR T AP A g aF b AL PY By SBEC Ao bR Re S ey

addi tion of sga %E{Hﬁﬁze§ %hﬁﬁérspé/r{d Qilé‘x?e Qbufifyt h erfitd *}1\{%} e Sincd¥BE22¥E intoSUChH
additives as fillers and silane coupling agen e incorporated into
pol yi m des gelyiregideds néededent i oned above, the Iayer of polyimdes of this
invention preferably assunes a nultilayer structure consisting of a |ayer
of polyimdes of |ow thernmal expansion and a | ayer of polyinides of high
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general for gil,&ikggeneral formula (1)

{ n— (1)
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(wherein R, to Rs are hydrogen, halogen, lower alkyl, or lower alkoxy, identical
with or different from one another, and one of them is alkoxy) are desirable as

polyimides of low thermal expansion.

Another example of polyimides of low thermal expansion is polyimides
containing 50% by weight or more of the structural unit represented by the

following general formula (2)

R, 2 1 : |
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(wherein R, to R, are hydrogen, halogen, lower alkyl, or lower alkoxy and they may



[err] (wherein R err] to R4 are hydrogen, hal ogen, |ower alkyl, or |ower
al koxy and they may 7 be identical with or different from one another).
A desirabl e exanpl e of polyimdes of high thermal expansion are those in
whi ch 70% by wei ght or nore of the tetracarboxylic acid-derived structural
units is accounted for by at |east one kind of tetracarboxylic acid unit
selected frompyronellitic acid derivative unit,

3,4,3, 4" - depldentitdwitlonedidferent drdmoryé aoother)d derivative unit, and

3,4,3 ,4" -di phenyl et hertetracarboxylic acid dianhydride unit. A nore
desirabl e exanpl e is polyimdes containing 70% by weight or nore of the
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desirabl e exanpl e of polyimdes of high thermal expansion is polyimdes
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20 [err] mis used as an
more desirable example is polyimides containing 70% by weight or more of the

structural unit represented by the following general formula (3)

OO OOPLOTO -
n ﬁ :
_ . _
(wherein X, to Xz are -O-, 'C(C‘Hs)z', -S0;-, -CH;- or nil, identical with or different
from one another, and nis 0 or 1).
Another desirable example of polyimides of high thermal expansion is

polyimides containing 70% by weight or more of the structural unit represented by

the following general formula (4)

f /S
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(wherein X, to X; are -O-, -C(CHj)s-, -SO,-, -CH,- or nil, identical with or different

from one another, and nis Q or 1).

An electrical conductor with a thickness of 3 to 20 um is used as an



electrically conductive layer in lamnates of this invention. A thickness
of less than 3 [err]mincreases electrical resistance while a thickness in
excess of 20 [err] mnmakes it difficult to perform hi gh-precision
patterning and, because of its rigidity, reduction of flying height of the
slider becones difficult to achieve. A desirable electrically conductive

| ayer is a foil of copper or copper alloy with a thickness of 5 to 18
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pol yi m des or yi m de pr ecur sors is appl o an el ect ri cal conduct or
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Met hod 3: A layer of polyimndes of high thernal expansion is formed on both

sides of a polyimde filmwhich has been made ready in advance and the
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methods.

Method 1: A solution of polyimides or polyimide precursors is applied to a
stainless steel base material in one layer or more, dried, subjected to heat
treatment at high temperature to form a layer of polyimides, and the layer of
polyimides is contact-bonded under heat in an apparatus such as press and

laminator to an electrical conductor such as a foil of copper or copper alloy.

Method 2: A solution of polyimides or polyimide precursors is applied to an
electrical conductor such as a foil of copper or copper alloy in one layer or more,
dried, subjected to heat treatment' at high temperature to form a layer of
polyimides, and the layer of polyimides is contact-bonded under heat in an

apparatus such as press and laminator to a stainless steel base material.

Method 3: A layer of polyimides of high thermal expansion is formed on both
sides of a polyimide film which has been made ready in advance and the three-

layer film is contact-bonded under heat in an apparatus such as press and



| am nator to a stainless steel base material on one side and to an

el ectrical conductor such as a foil of copper or copper alloy on the other.
O these nethods, ease of preparation and di nensional stability of the
product |am nates favor the aforementioned nethod 1, according to which a
solution of polyimdes or polyimde precursors is applied to a stainless
steel base material in one |layer or nore, dried, subjected to heat

treat ment atlamingior éopestdinless tsteel drage anhizyrl oaf oo lkidemimtese aaneletthieal ayer

of polyimdes is contact-bpnded under heat in an apparatus such as press
and | an nat 6?’1@‘&%5@@&%ﬁgfﬂ?cma%emegaaw@fstlaeertberl- of copper or copper
alloy. A nore favorable nethod is the follow ng: a stainless steel base
material is coated successively with a solution of polyimdes of high

ther mal expansDpthele aiethodsy badeds REREULIER aHdMmbhabhdl REHIRYy EXRAPRIdaR 1. a
solution of polyimde precursors of |ow thermal expansion, and a sol ution

of pol yi ni déamyiates &avor Hae redoremeptioredbmethert 1paetoprding o priecumsohsionf ofi gh

t her mal expansi.on, 2, driled,. sut%j ected to Eleﬁt treat{'rent a]'i 250 [er_rI},C or
more to for M "Pé%?ér"r WBHE Hequsory isapplied it p Eainlesy stgek hpseanqterial i and a
| i near expaggé rE1 ; I r r.] C and
the | ayer of pg{yf? %gg%dgg'i (gwgbﬁébééﬁt%%goghd%g tﬁdr?gxg%ﬁ%a@g%(g&%r% gﬁrué%:éoré)%lal y
conducti ve lageenf polyimales hirckihe dsyenfof Bollytm s [sedontat-bdhdedridepde{tan an
fabricating lamnates of this invention into HDD suspensions is elective

and the fabPPRATAtEH SR AHPTASP apd daminater tuan plectrisal sandnear mechsasep il ot ep 1:

The el ectri t i | ayer is etched the first tinme by such a
process as %ﬁéoé%ggg (Eatuégeffect specified patterning. Step 2: The | ayer

of polyimdes is etched with the patterned electrically conductive |ayer as
resist. As for the etchi ng met hod, chem cal etching by hydrazine or etching
by | aser or pléagaeifgverablenmethwddis the following: a stainless steel base material is

coated successively with a solution of polyimides of high thermal expansion 1 or
polyimide precursors of high thermal expansion 1, a solution of polyimide
precursors of low thermal expansion, and a solution of polyimides of high thermal
expansion 2 or polyimide precursors of high thermal expansion 2, dried, subjected
to heat treatment at 250 °C or more to form a layer of polyimides with a thickness
of 3t020 x m and a linear expansion coefficientof 1 X 10% °C to 3 X 10% C
and the layer of polyimides is contact-bonded under heat to an electrically

conductive layer with a thickness of 3 to 20 xm.

The method for fabricating laminates of this invention into HDD suspensions is

elective and the fabrication is normally carried out in the following steps.

Step 1: The electrically conductive layer is etched the first time by such a

process as photoetching to effect specified patterning.

Step 2: The layer of polyimides is etched with the patterned electrically
conductive layer as resist. As for the etching method, chemical etching by

~ hydrazine or etching by laser or plasma is recommended.
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Step 3: The electrically conductive |layer is etched the second tinme by such
a process as photoetching to formthe finally-required wiring. Step 4: The
stainless steel base material is fabricated by etching into the specified
shape. In addition to the aforenmentioned steps, formation of a protective

| ayer on the wiring, fabrication by bending of stainless steel, and

anneal i ng of stainless steel are generally perforned. Lam nates of this

i nvention for HDD suspensions can be used in the so-called 3-piece type
suspensi ons cnsi st i f.a unt .1 oad beam and .a flexure or in,the
so-cal l ed 2- p%«g egt ;gg eg‘?fgrbcearﬁgi C8ng€tﬂeﬁﬁ?'ﬁ’i ésg?tﬁﬁ%‘gt}feo%f’ﬁo%éejgmea A%k ur e
The | am nat g cadseasGioescdétidg S Reml tﬂie&ﬂﬁll&h@?&&&l WRidg. on in the case of the
3-piece type. Preferred Enbodi nents of the Invention This invention will be
descri bed concretely below with reference to the acconpanyi ng exanpl es and

conparative exanples, The follow ng procedures were used to determ pe the
| i near expanséﬁ‘%g)éoz[%}ﬁ stainpless ek g%??r Prateral 185 F’é@f@'aﬁﬁ'uﬁﬁh&gsl%P &R@
center line e@[ﬁ?'edasﬂgﬁéi ve strength in the exanples and conparative

exanpl es. (% e [1hear expansion coefficient was deternmined with the aid

of a thernmomechani cal anal yzer (product of Sei ko Denshi Kabushi ki Kaisha).
The |inear expansion coefficient of polyimdes was determ ned by heating
t he speci men #® addiidgnetorthe, aferementigneetepp detmetioraef a progectivepaieanrtbe f or 20

i nut es, Li. .a .rat f 10 C/m | cul ati t.h
T e oo huid! B Blad BheLabA o0 USRS WA
expansi on coRf ddnetAANt péiforiedl Nl ess steel was determ ned 11

Laminates of this invention for HDD suspensions can be used in the so-called
3-piece type suspensions consisting of a mount, a load beam and a flexure or in the
so-called 2-piece type suspensions with integrated load beam and flexure. The

laminates are generally used in the flexure portion in the case of the 3-piece type.
Preferred Embodiments of the Invention

This invention will be described concretely below with reference to the
accompanying examples and comparative examples. The following procedures
were used to determine the linear expansion coefficient, heat shrinkage, average
roughness along center line, and adhesive strength in the examples and

comparative examples.

(1) The linear expansion coefficient was determined with the aid of a
thermomechanical analyzer (product of Seiko Denshi Kabushiki Kaisha). The
linear expansion coefficient of polyimides was determined by heating the specimen
to 250 °C, holding the specimen at this temperature for 20 minutes, cooling at a
rate of 10°C/min and calculating the average linear expansion coefficient from

240°C to 100 °C. The linear expansion coefficient of stainless steel was determined

11



by heating the specinen to 340 [err]C, holding the specinen at this
tenperature for 20 mnutes, cooling at a rate of 100 mn and cal cul ating

t he average |inear expansion coefficient from330[err]Cto 100 [err]C. (2)
The heat shrinkage of stainless steel was determ ned on a 300 nm square
specinmen. Holes with a dianmeter of 1 mmwere drilled at an interval of
approximately 250 mmin the transverse and |ongitudinal directions with the
use of an N bedting therpreizrady 340 ddukelding the dpecBeeakat thizdhenipeatukeaios B3) , and
t he di stance,  between.the two h drilled at an interval . of approxinmtely
950 was GG CRORE o te o1 1 S AR AR E Al A e o erege Lgeas Sppeapon

preci si on ty&ﬁ@q@&@gb? engdgdregret er (TDS- 7055EX, product of Kabushi ki
I kaku) an e

Kai sha Topro signated as L1. The speci nen was then heated at
330[err]C for 30 mnutes in air and the distance of the two hol es was
measured again_and designated as L2. The heat shrinkage was cal cul ated as
fol | ows: Heat (Bhfhenheajeshrinkage pf stainlegspgteelyas detegoined gy aTH{l) myksdigee

h | on. lik R ined w.t. h i.d. of
roughnoss rEEEmOreREl o atEF A7 T o Sienti e 8wt of.
condi tions gpraxitdtel)f I50vmbie M t9akkerd AMoAgITRARLYN iRGLibENFIR tAk W8e 2 MM

(4) The adhesive strength between stainless steel and pol yi m des was
det er m ned afsarf NG dwidl (C2R L4600 prodast of &pdr Sdnkiy KebushikigKdishah windehé i near

patterning gn stajnless steel ile |eaving the electrical conductor on the
back as it ﬁ?eéga,m% hetwaea ?itwabmaﬁﬁuegaf aginbféﬂwég} %@}@aafedyw PERaP| at e,
t he stainl I i : : di L: i1 | {zgg .¢d of a
tensile tegrtﬁg?%rggra 8%@2% ag&grg%%@ o? Qichgé/l{)J %g%téf&%%ggﬁvi:& al é(ﬂ'}aag and
the peel stleagdi meses (WDSETOFERE( . prodict VoS Kablidiekiatlaabia VEoped rKikgkly bed ween
el ectrical conductor and polyimdes was determined in the same nmanner

except on tdssignated es prleghe cnetiyrenoras thenihented wh d80°Ci fae 30 mpiautesrini 1y on
the electri é:I?ci tl?eo&gya%cg of ‘%‘é J:v?o Lo 8y 'wid ntleba%uls'ettf31 !ag%lir? 3nd %ltései\grllated as L2. The
heat shrinkage was calculated as follows:

Heat shrinkage (%) = [(L1 - L2)/L1] X 100.

(3) The average roughness along center line (R a ) was determined with the aid
of a roughness meter (TENCOR P-10, product of Tencor Instruments) under the

conditions of a cut-off value of 0.08 mm and a measuring length of 0.2 mm.

(4) The adhesive strength betﬁeen stainless steel and polyimides was
determined as follows. The sample was prepared by forming 1 mm-wide linear
patterning on stainless steel while leaving the electrical conductor on the back as it
was, the electrical conductor side was pasted to a fixed plate, the stainless steel
was peeled in the 180° direction with the aid of a tensile tester (Strograph-MI,
product of Toyo Seiki Kabushiki Kaisha) and the peel strength was determined.
Likewise, the adhesive strength between electrical conductor and polyimides was
determined in the same manner except on the sample prepared by forming 1 mm-
wide linear patterning on the electrical conductor while leaving the stainless steel

on the back as it was.

12



on the back as it was. 12 The properties of the stainless steel foils
used in Exanples 1 to 9 and Conparative Exanples 1 to 3 are shown in Table
1 below. [Table 1 ] Ex 1-4 Ex 5 Ex 6 Ex 7 Ex 8 Ex 9 Thi ckness
([err]m 20 51 20 20 20 20 Li near

expansi on coeff 1.86 1.92 1.77 2.05 1.98 1.86 (X 10
[err]/ [err]C 1.78 1.82 1.82 1.83 1.77 1. 83 Heat
shrinkage*[err] 0. 005 0. 007 0. 003 0. 005 0.004 0.006 (%

29018 lgb()lzThggpx%%grtlebsB oP ]tl71e %yn@eéﬁtgpg' ?cﬁ]g lﬁ% Eﬁﬁ)%xra?nupqgsnﬁsgo %l ong gg

145 80Comparsive Exa e@@@3g?%%dgiﬁlﬁl'?able E’Elélo-\[zh' ckness ([err] ”)
20 20 Li near expansi on coef .79 (X 10[err]/ [err] QO

1.78 1. 83 Heat shrinkage* 0. 005 0. 005 (% 0.018
0. 015 Avera (Izjh]ness al ong 58 15 center line*[err] (nm
18 ( % 1: The nunerical values in the upper rowrefer to the

transverse {direction
: Ex14 | Ex5 Ex6 Ex7 Ex 8 Ex9

Thickness (u m) 20 51 20 20 20 20

Linear expansion coeff’! 1.86 1.92 1.77 2.05 1.98 1.86

(X 109 C) 1.78 1.82 1.82 1.83 1.77 1.83

Heat shrinkage*’ 0.005 | 0.007 | 0.003 | 0.005 | 0.004 | 0.006
(%) 0.018 | 0.012 | 0.008 { 0.017 | 0.006 | 0.028
Average roughness along 58 48 130 65 63 92
center line ™!
(nm) 63 60 145 80 55 45
Comp | Comp
Ex1-2 | Ex3
Thickness (um) 20 20
Linear expansion coeff’! 1.86 1.79

(X 10%°C) | 1.78 | 1.83

Heat shrinkage™*! 0.005 | 0.005
(%) 0.018 | 0.015
Average roughness along 58 15
center line ™
(nm) 63 18

(Note) *1: The numerical values in the upper row refer to the transverse direction

and those in the lower row to the longitudinal direction.

13



and those in the lower rowto the |ongitudinal direction. 13 The synbol s
used in the exanples stand for the follow ng. MABA:

4,4' -Di am no-2' - met hoxybenzani | i de DAPE: 4, 4' - Di am nodi phenyl ether PDA:

p- Phenyl enedi am ne APB: 1, 3-Bi s(4-am nophenoxy) benzene BAPS:

Bi s(4-am nophenoxyphenyl) sul fone BAPB: 4, 4'-Bis(3-am nophenoxy) bi phenyl
PVDA: Pyronellitic acid di anhydri de DSDA:

3,4,3 ,4" -di phenyl sul fonet etracarboxylic acid di anhydri de DVAc:

N, N- Di et hyl aggt ani de nt.heti c Exanple 1.0 -1 separable flask, 154.4 g
(0,60 ol o) of HARRCRIHERY 1 T p OB Seay By et fERe G scol ved | n 2. 560
g of DMAC wit MABIAF 14NDianih8-Lalehd:QBeNBRiEAL! €d in an ice bath and 218.1 g
(1 nole) of PMDA was added with pasSsage of a stream of nitrogen. The

sol uti on was AARMet4tDiamehediphdnyl ethem t enperature and stirred continuously
for 3 hours t Igéf eég pﬁ\l ynmeri zation. There was obtained a viscous sol ution
of pol yi m de g)r r-E8pnyAenefimINg| ut i on of pol yi mi de precursor A was appl i ed
to a stainles .aed pt ok L ( ' ed SUS 304, product of N ppon

St eel Cor por aﬁﬁé%?%bggsgﬁla‘é‘%{bﬁ%?@?g&%%d at 130 [err]C for 30 m nutes,
then subj ect eBARS:IBisy-dreaphadkyptienyBQlfoas 4 mnutes, at 200[err]C for 2
m nut es, at 270[er2‘LC for 2 mnutes, at 320[err]C for 2 mnutes and at 360
[err] C for 2 MARBE4tRsBoaamingpaoxgbiphaoyhi ck | ayer of polyinmides on the
st ai nl ess SteEiJMfJ%i: byro"xg‘e?ﬂmé Qcﬁd%?a{n\gyﬁ}i es were i mrersed in 100% hydr at ed

DSDA: 3,4,3',4'-diphenylsulfonetetracarboxylic acid dianhydride
DMAc: N,N-Dimethylacetamide

Synthetic Example 1

In a 5-1 separable flask, 154.4 g (0.60 mole) of MABA and 80.1 g (0.40 mole) of
DAPE were dissolved in 2,560 g of DMAc with stirring. The solution was cooled in
an ice bath and 218.1 g (1 mole) of PMDA was added with passage of a stream of
nitrogen. The solution was allowed to return to room temperature and stirred
continuously for 3 hours to effect polymerization. There was obtained a viscous

solution of polyimide precursor A.

The solution of polyimide precursor A was applied to a stainless steel foil
(tension-annealed SUS 304, product of Nippon Steel Corporation) by an applicator,
dried at 130 °C for 30 minutes, then subjected to heat treatment at 160°C for 4
minutes, at 200°C for 2 minutes, at 270°C for 2 minutes, at 320°C for 2 minutes
and at 360 °C for 2 minutes to form a 25 r m-thick layer of polyimides on the
stainless steel foil. When the polyimides were immersed in 100% hydrated
hydrazine at 50 C with the stainless steel foil still attached, the polyimides were
etched at a rate of 2.5 . m/min. Finally, the stainless steel foil was removed by

etching with an aqueous solution of ferric chloride to give a polyimide film with a
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hydrazine at 50 [err]C with the stainless steel foil still attached, the
polyi mdes were etched at a rate of 2.5 [errJmmn. Finally, the stainless
steel foil was renoved by etching with an aqueous solution of ferric
chloride to give a polyimde filmwith a 14 | i near expansi on coefficient
of 1.4 X 10 [err]/ [err]C. Synthetic Exanple 2 In a 5-1 separable flask,
75.7 g (0.7 nole) of PDAand 60.1 g (0.3 nole) of DAPE were dissolved in
2,010 g of lbwas expemrsien poefficiept of el 30110tV oR- was cooled in an ice bath and
218.1 g (1 nole) of PVDAwas added with passage of a stream of nitrogen. The
solution was allowed to return to roomtenperature and stirred continuously
for 3 hours tgygfceiEagipldBri zation. There was obtained a viscous solution
of polyimde precursor B. The pol yi m des prepared from pol yi m de precursor
B in the sane manner as in Synthetic Exanple 1 showed an etching rate of

f’:e?r][‘?{r]g%[“hﬁegﬂs%a@%%q ety 1812 g5t ab POMAnER0. | 543wl DA of
[err]C S . B3k 2Bt ©-rane .
"noan i ce bath Gngheng010g 8f DRth slsahp A S DRy P blo 08 05 o0 ©

stream of rbdthe@d218The(1Sabl) 6fPMBASy & 4disddvitiopds3hgl of alsBreafOsNri @6gRAr at ur e
and stirred continuously for 3 hours to effect polynerization. There was

obt ai ned a Vheedution gtastdllorvedfto pefiuyn ¢ deomp temperatire@ndiarasiotoptinietesty
prepared frompol yi m de precyrsor. C in, the sane nner as in nt.het i.c
Exanpl 6 1 SREVLHOUF 1 SHPGIgPRERErEATos. & here o haedrt VEep s iiel 8hnsi on
coefficient - P - i ; Sr
separabl e fll)cg%lgﬁd% 85{9%@%&% T]r}rllgI%&%]l&zlgggﬁm%’gggﬂioglsﬁiglggh?g&g{lggg%n %?e

same manner as in Synthetic Example 1 showed an etching rate of 3.2 4 m/min

and a linear expansion coefficient of 1.7 X 10 % °C.
Synthetic Example 3

In a 5-1 separable flask, 292.3 g (1 mole) of APB was dissolved in 3,690 g of
DMAc with stirring. The solution was cooled in an ice bath and 358.3 g (1 mole) of
DSDA was added with passage of a stream of nitrogen. The solution was allowed to
return to room temperature and stirred continuously for 3 hours to effect
polymerization. There was obtained a viscous solution of polyimide precursor C.
The polyimides prepared from polyimide precursor C in the same manner as in
Synthetic Example 1 showed an etching rate of 2.3 u m/min and a linear

expansion coefficient of 4.8 X 10 % °C.
Synthetic Example 4

In a 5-1 separable flask, 292.3 g (1 mole) of APB was dissolved in 3,530 g of
DMAc with stirring. The solution was cooled in an ice bath and 286.6 g (0.8 mole)
of DSDA and 43.6 g (0.2 mole) of PMDA were added with passage of a stream of

nitrogen. The solution was allowed to return to room temperature and stirred
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DVAC with stirring. The solution was cooled in an ice bath and 286.6 g (0.8
nol e) of DSDA and 43.6 g (0.2 nole) of PMDA were added with passage of a
stream of nitrogen. The solution was allowed to return to roomtenperature
and stirred 15 continuously for 3 hours to effect polynerization. There
was obtained a viscous solution of polyimde precursor D. The polyin des
prepared from polyimde precursor D in the same nmanner as in Synthetic
Exanpl e 1 steotiagously docBi hrrgxrs é@ effedt polympriration. rﬁ‘her@mswbltalnetéla ‘eaq@aﬁm on
coefficient f 4.7 X err] etl Exanple.5 In a.5-

separ abl e i@ ‘érkon 5P y‘éi? ‘&forofDCBxg\é WQ?H& &% dreRaged rfr%ml%‘l’}y‘émg? DMAC
with SUITT | oartDEDSalib bafle amneP ok RES/ithale ExAmBR! Dol 3A%echid fate MOI ©)
of DSDA was added with passage of a stream of nitrogen. The solution was
al | oned to of&.4rpot/min andnatmepesqiansenaoeffisient o47cwntd Auusly for 3 hours
to effect polynerization. There was obtained a viscous sol ution of

pol yi m de precursor E. The polyimdes prepared from polyimde precursor E
in the sane thetic Exanple 1 showed an etching rate of 2.2
[err]mM mn aggg ﬁjetﬁsﬂﬂaﬂli%gnsmn coefficient of 5.4 X 10 [err]/[err]C.
Synthetic Exanple 6 In a 5-1 separable flask, 368.4 g (1 nole) of BAPB was

di ssolved in 3,320 g of DMAc with stirring. The sol ution was cooled in an
i ce bath and 2118 41 ger(al‘ahblﬂa)skoﬁwlwaslehdﬂBAPﬁi vis piasdeageinod, 160 gtof eam of

St rred oM HOHLh PORGPE STt vat FELES Pot fe DAnhER DR TRl BIRe!
obtai ned 2 §5BA%, SR P0o8LaBolil ShelfnBt BEHESH T ool rRRlyl IS,

prepared from pol yl m ur sor e sa manner as I n Synthetic
Exanpl e 1 sieowed tanrcoihc temperat® @hd2sfirfedr édntinbaslgnfdr a3 | hovearto effect

polymerization. There was obtained a viscous solution of polyimide precursor E.
The polyimides prepared from polyimide precursor E in the same manner as in
Synthetic Example 1 showed an etching rate of 2.2 x m/min and a linear

expansion coefficient of 5.4 X 10 % °C.

Synthetic Example 6

In a 5-1 separable flask, 368.4 g (1 mole) of BAPB was dissolved in 3,320 g of
DMAc with stirring. The solution was cooled in an ice bath and 218.1 g (1 mole) of
PMDA was added with passage of a stream of nitrogen. The solution was allowed
to return to room temperature and stirred continuously for 3 hours to effect
polymerization. There was obtained a viscous solution of polyimide precursor F.
The polyimides prepared from polyimide precursor F in the same manner as in
Synthetic Example 1 showed an etching rate of 2.7 4 m/min and a linear

expansion coefficient of 4.3 X 10 % C.

Example 1

The stainless steel foil (tension-annealed SUS 304, product of Nippon Steel
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expansion coefficient of 4.3 X 10 [err]/ [err]C. Exanple 1 The stainless
steel foil (tension-anneal ed SUS 304, product of N ppon Steel 16

Cor poration) shown in Table 1 was coated with the solution of polyimde
precursor C obtained in Synthetic Exanple 3 to an after-cure thickness of 1
[err]mwith the aid of a bar coater, dried at 130[err]C for 4 m nutes,
further coated with the solution of polyimde precursor A obtained in

Synt het i ¢ Eeappratioh) shown imTakle -lcuasecdae dkiththe eflufiof of pdlyimidaipieedrsat 130
[err]C for 'nut s, an sti her coted vvlt t he qutlon of

pol yi i de pré& g HA af‘l’#%éﬁf’ﬁé‘t? terEpaHhigkapss 8 Ln 4wt ghg e
thickness ofigarl @bt L&Hte{j rdh@ﬂ a?ﬁSé‘”éofoL* irxﬁlnfgtéso ?ur@hépcﬂ%ﬁ%ég?t?xg I&@B?

subj ected to heat treatrent in a streamof nitrogen at

n nut es, atpol@igfies pidout<r AZoHtaﬂiéti&ﬁ Syathel O e4diple lftﬁran2aftﬁrl’tui'eeﬁnclﬁiess
320[err]Cfor 2 mnutes and at 360 [err]C for 2 mnutes to conplete the
curing. Thedd was. dnediphadl aC|faﬁ8namt@f apd etil farthereogtesk wish thesalutien

| ayers of pgql |mdsvv|thth of 1

el bot rotyt 1 FURRE  Marihebt Ty GRTARACk SBIREESERImER 470 M e o
Fukuda Met aJhldi_'&'eks ang Powderiedat 13bt"@: }'orV\@-%lﬁh%egn@rthérheulﬂ@étEHrﬂ)dﬁ‘eaﬁ' de of
the I am nate and contact-bonded in a vacuum press at 150 kg/cnferr] and 330
[err] C for t2@atmenities steagi ofenitrhgerodf k6t “C don hatiruteRran 200 Cafolr 2 munutes,

defl ecti on wa served in the | aminate thus obtained and the adhesive
strength béttvé sloni2 nmé%*étem@eﬁﬁ%f b&mﬁta%aa&&tt&@gt b@rvae@hn%bﬁ%r and

pol yi m de %gﬁ)l%tﬁ]thggflﬁﬂh]&ﬁgergiv?aﬁkcgﬁgmeﬁea dl%%ﬁﬁét%%'f\{he Jﬁﬁﬁéég%‘ﬁ&l sion

coeffi ci ent al ne tain ess st eel

and copper layeﬂsSofbylyahﬁi@sﬁgt}y\aﬁ Canﬂ)lﬁédl@m{k@lléﬁd of 1[oemrnllc and practically no
defl ecti on occurred when either stainless steel or copper was etched. Wen
the | am nate was tested for

An electrolytic copper foil (CF-T9 with a thickness of 9 u m, product of Fukuda
Metal Foil and Powder Co., Ltd.) was placed on the polyimide side of the laminate
and contact-bonded in a vacuum press at 150 kg/cm?® and 330 °C for 20 minutes to

give the object laminate.

Practically no deflection was observed in the laminate thus obtained and the
adhesive strength between stainless steel and polyimide and that between copper
and polyimide were 1.1 kg/cm and 0.9 kg/cm respectively. The linear expansion
coefficient of the polyimide film obtained by removing the stainless steel and
copper foils by etching was 2.2 X 10 % °C and practically no deflection occurred
when either stainless steel or copper was etched. When the laminate was tested for
heat resistance by placing in an oven at 300°C for 1 hour, no abnormalities such as

blistering and peeling were observed.
Example 2

Alaminate was prepared as in Example 1 except using the solution of polyimide

precursor E obtained in Synthetic Example 5 in place of the solution of polyimide
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heat resistance by placing in an oven at 300[err]C for 1 hour, no
abnormalities such as blistering and peeling were observed. Exanple 2 A

| am nate was prepared as in Exanple 1 except using the solution of
pol yi m de precursor E obtained in Synthetic Exanple 5 in place of the
solution of polyimde 17 precursor D. Practically no deflection was
observed in the | am nate and the adhesive strength between stainless steel
and pol yi m peecarmrt DatPrbetioaig na dpflestiosn e ap odbgerviedeinwdree laimidategAndnthad 0. 8

kg/ ively. The |i J [ ffjcient of th | yimde fil

obt ai ned by SRAARE SHEPARHR be e SABIASPSUTel RB Dol Epgat b heeh pOREENi ng
2.4 X1 S C ' : [

o ther stal ATGEEARMTEICI TP B KGR Tl O, T Gl Sntbe"

abnor mal i t i esfidient éfetheadlfimidd i ob&fiheéd B ¢emotivgNhd etadnléssl sasdlifail anas
prepared as in Exanple 1 except using the solution of polyimde precursor D

in place of canper fslsthyi e¥ahing wasI34 nivtlel Oot/eBunsdpractieally rodafleglion pagurmd
after-cure thickness of .polyimde precursor D,at .2.ery]mand {hat, of

ol yi m de prBet SaperaSiepgsy el r bR s, SiHegn TR PR B O, 01 -
[err]mfor theorhdlRies wHenR@btvl Bt rBEi@ahical Iy no deflection was observed
in the | am nate and the adhesive strength between stainless steel and

pol yi m de and that between copper and polyimde were 0.8 kg/cmand 0.7

kg/ cm respectively. The |inear expansion coefficient of the polyimde film
obt ai ned by r@ﬁﬁ%ﬂ%@% he stainless steel and copper foils by etching was 2
x 10 [err]/ [err]C and practically no deflection occurred when either
stainl ess steel or copper was etched. The | am nate showed no abnormalities
when tested farlalifRitervesd frepaed.as in Example 1 except using the solution of polyimide

precursor D in place of the solution of polyimide precursor C and controlling the
after-cure thickness of polyimide precursor D at 2 um and that of polyimide
precursor A at 8 um toobtain a combined thickness of 12 x m for the layers of
polyimides. Practically no deflection was observed in the laminate and the
adhesive strength between stainless steel and polyimide and that between copper
and polyimide were 0.8 kg/cm and 0.7 kg/cm respectively. The linear expansion
coefficient of the polyimide film obtained by removing the stainless steel and
cdpper foils by etching was 2 X 10 ®/ °C and practically no deflection occurred
when either stainless steel or copper was etched. The laminate showed no

abnormalities when tested for heat resistance.
Example 4

Alaminate was prepared as in Example 1 except using an 18 p m-thick copper
alloy foil (C7025 TM-03, product of Olin Somers) in place of the 9 u m-thick
electrolytic copper foil. Practically no deflection was observed in the laminate and
the adhesive strength between stainless steel and polyimide and that between
copper and polyimide were 1.2 kg/cm and 2.1 kg/em respectively. The linear

expansion coefficient of the polyimide film obtained by removing the stainless steel
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Exanple 4 A lam nate was prepared as in Exanple 1 except using an 18
[err]mthick copper alloy foil (C7025 TM 03, product of Ain Soners) in
pl ace of the 9 [err]mthick electrolytic copper foil. Practically no

defl ecti on was observed in the lam nate and the adhesive strength between
stainless steel and polyimde and that between copper and polyi m de were
1.2 kg/cmand 2.1 kg/cm respectively. The |i near expansi on coefficient of
t he pol yi mi %i’édfCPWﬁfoﬁ?’eléll}Ye@Wbylgr wAO-hg % H@ s/t & andsragically npgdeflectiony

copper foils b t 1 err a ractic

defl ection %cé:}:%rregwgh eélsf%glés tﬁ‘fq({r e§t eaeﬁ et%)}}ed ﬁg%g%’“ Z‘P‘é’%‘éﬂo The

| am nat e sh%m&@w&%g@ag&%g&é&%&d for heat resistance. Exanple 5
A lam nate was prepared as in Exanple 1 except using the stainless steel

foil shown in Table 1. Practically no defl ection was observed in the

| am nat e and zgeugpgh sive strength between stainless steel and polyi m de
and t hat bet ‘bger and polyimde were 1.6 kg/cmand 0.9 kg/cm
respectively. The |inear expansion coefficient of the polyimde film
obtai ned by renoving the stainless steel and copper foils by etching was

2.2 x 10 [err WlapehisiteGvanpraphrdd aLitl Eyampledbbkept using Qb€ Wtaliglgssvdied] feil t her
stai nl ess steel or copper was etched. The | am nate showed no abnormalities

when test edslmrn ﬁeﬁablpelsﬁs'@%tmﬂy n@@ﬂpcteoraw/as lohsArved & nbaslam@éaraéd the in

Exanple 1 ex u e, solu rso obtained in
Synthetic ERdre e Beedp ity RlbegieRl rli Pb B 8 hitedth SO and
that of pol yhdpgRiR{RCHERO. GQ(gZéiﬁ'a@ﬂ b. bq{g%ijn %bﬁ@tl@ély PRheY iR A PLRGHE SOT B
obtained in Synthetic Exanp in place of polyimde precursor A,

coefficient of the polynmde film obtained by removing the stainless steel and

copper foils by etching was 2.2 X 10 % “C and practically no deflection occurred

when either stainless steel or copper was etched. The laminate showed no

abnormalities when tested for heat resistance.
Example 6

Alaminate was prepared as in Example 1 except using the solution of polyimide
precursor F obtained in Synthetic Example 6 in place of the solution of polyimide
precursor C and that of polyimide precursor D, using the solution of polyimide
precursor B obtained in Synthetic Example 2 in place of polyimide precursor A,
and further using an 18 u m-thick copper alloy foil (C7025 TM-3, product of Olin
Somers) in place of the 9 u m-thick electrolytic copper foil. Practically no
deflection was observed in the laminate and the adhesive strength between
stainless steel and polyimide and that between copper and polyimide were 0.8
kg/cm and 1.8 kg/cm respectively. The linear expansion coefficient of the polyimide
film obtained by removing the stainless steel and copper foils by etching was 2.5
X 10 %/ °C and practically no deflection occurred when either stainless steel or
copper was etched. The laminate showed no abnormalities when tested for heat

resistance.
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and further using an 18 [err]mthick copper alloy foil (C7025 TM 3, product
of Adin Soners) in place of the 9 [err]mthick electrolytic copper foil
Practically no deflection was observed in the |am nate and t he adhesi ve
strength between stainless steel and polyimde and that between copper and
polyimde were 0.8 kg/cmand 1.8 kg/cmrespectively. The |inear expansion
coefficient of the polyimde filmobtained by renoving the stainless steel
and copper foils by etching was 2.5 X 10 [err]/ [err]C and practically no
defl ection oc urre en either stainless steel or copper was etched. The
| am nate sho d‘aH’@ normal ities when tested for heat resistance. 19
Exanple 7 A lam nate was prepared as in Exanple 1 except using the
stainless steel foil shown in Table 1. Practically no deflection was
observed in tAdamimitaatrss pregatcdeasdidhEsaniplest eept hsihgtthe etnimiess stbadIsil st eel
and polyimde and that between copper. and polyjimde were 1.3 kg/cm and 0.8

kg/ cm res pe%{qwbuyTahiﬁé Pragicalle pp deflpgiprcwas pb%eir‘éerﬂ motrhetln@up%ﬁ PRfitee film

o ther st ai dssSleibinasth b BRSrRRAE! LR o DRERIL SRR PO G " e
stai nl ess s§@Rbolydhldel ReléSEIUWMEGNA 0.8MEFcrh irB§RELICAP AN BhedrA8phh&beNt Of
2.05 x 10 [err|/ [err]Cin the transverse direction and the |amnate

obt ai ned wewefiizsmnt\oé the polgiemde dilre vgaearﬁ 2e %ul0 Pn§ wnd brachiealdt aé déflestiost eel

foil form ng the . inper de. A lam nate wa repared a
Eeanpl o 1 GeBpEdyEhey GHer tali“?ﬂsés%te i W&o Thafie exampl
Practicall yhd!zPev%‘PféhS%ft idsdetEe ﬁ Bwé@g ‘Zﬁ? dlﬂ?eta?e stoi€oBfHapat ve

strength between 'stain ess st ee y| m that between copper
of 2.05 X 10 % °C in the transverse direction and the laminate obtained was

observed to generate gentle curling with the stainless steel foil forming the inner

side.
Example 8

A laminate was prepared as in Example 1 except using the stainless steel foil
shown in Table 1. Practically no deflection was observed in the laminate and the
adhesive strength between stainless steel and polyimide and that between copper
and polyimide were 1.1 kg/cm and 0.8 kg/cm respectively. The linear expansion
coefficient of the polyimide film was 2.2 X 10 ¥ °C, practically no deflection
occurred when either stainless steel or copper was etched, and the laminate
showed no abnormalities when tested for heat resistance. In this example, however,
the stainless steel foil in use showed a fairly large difference in linear expansion
coefficient 0of 0.21 X 10 % °C between the transverse and longitudinal directions
and the laminate obtained was observed to generate gentle wave with the stainless

steel foil forming the inner side.

Example 9
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and polyimde were 1.1 kg/cmand 0.8 kg/cmrespectively. The |inear
expansi on coefficient of the polyimde filmwas 2.2 x 10 [err]/ [err]C,
practically no deflection occurred when either stainless steel or copper
was etched, and the | am nate showed no abnormalities when tested for heat
resistance. In this exanple, however, the stainless steel foil in use
showed a fairly large difference in |linear expansion coefficient of 0.21 x
10 [err]/ [err]C between the transverse and | ongitudi nal directions and the

| am nat e obt ai.ned .was observed to generat entle wave  with the stainless
steel 1ol f oAyt Rcvrn Rt e Lhanpple enisrt wRe RS Ee dPhpar od
as in Exampligeh GXe8Pk u%a&iaahg @@ﬂghﬁ&% w%g%pge&ga ln 8001 i gete;;g]g'tﬁel-

Practically no deflection was observed In the ['am nate an esive

strengt h beadiesivesitesnpitl detvedeacdtaimbuds godey iantd pelyanitlet dialt thaebeysenn copeer and
polyi m de were 1.2 kg/cmand 0.9 kg/cm respectively. The |inear expansion
coef fici ent 2 ppwémﬁ?ﬁ Ve de ke/em ands 09 ke/smmgspestivgly. The bHpesr ¢xpassipeal |y

no defl ecti cur when. ei r staiales | or.__copper Sy et.ched,
and t _he I am(?o%go cgensl{h{;)ﬁg‘c? Rglyla’(‘glﬁ%tkrﬁ& iwtaiseésl'bv\h% nﬁi egt edprPSV(paﬁlga?&?%% CEIP Ance.
In this exagRufsedQWEN &dithelr Ntadilldts dtBSIS 0 eEferf Rhd etdheds @néAVEdmindtge heat

shrinkage of 0.028% in the |ongitudinal direction and the | am nate obtai ned
was obser veshawedgendmarmadjéing iwben tastehfpr hiedtresistarse dnthssesasiplee howeiek,

Lo o "C BBl e e B e e e 2 DBl e
pr ecur sor | t [ S
steel foil ' ' | r tion)
o an after “Banainnl HRERAPEEYY Pifionl AfHEiedaihaangs B B pRus

130[ err] C f arrlihgnwichutiesstaidiess ssadb faalloeslingthHedaher didat ment in a stream of
ni t rogen

Comparative Example 1

The solution of polyimide precursor C obtained in Synthetic Example 3 was
applied to a stainless steel foil (tension-annealed SUS 304, product of Nippon Steel
Corporation) to an after-cure thickness of 10 u m by an applicator, dried at 130C
for 4 minutes, then subjected to heat treatment in a stream of nitrogen
successively at 160°C for 4 minutes, at 200°C for 2 minutes, at 270C for 2
minutes, at 320°C for 2 minutes and at 360 C for 2 minutes to complete the
curing. There was obtained a laminate composed of the stainless steel foil and a
layer formed thereon of polyimides. The polyimide side of the laminate was placed
on a copper foil (electrolytic copper foil CF-T9 with a thickness of 9 u m, product
of Fukuda Metal Foil and Powder Co., Ltd.) and contact-bonded in a vacuum press
at 150 kg/em®and 330 C for 20 minutes to give a laminate. This laminate showed
an adhesive strength of 1.0 kg/cm between stainless steel and polyimide and 0.8
kg/cm between copper and polyimide and no abnormalities when tested for heat
resistance at 300 °C for 1 hour. However, the polyimide film obtained by removing
the stainless steel and copper foils by etching showed a high linear expansion

coefficient of 4.8 X 10% °C and the laminate of copper and polyimides remaining
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successively at 160[err]C for 4 mnutes, at 200[err]C for 2 mnutes, at
270[err]C for 2 mnutes, at 320[err]C for 2 mnutes and at 360 C for 2

m nutes to conplete the curing. There was obtained a | anm nate conposed of
the stainless steel foil and a |layer fornmed thereon of polyimdes. The
polyi mi de side of the lam nate was placed on a copper foil (electrolytic
copper foil CF-T9 with a thickness of 9 [err]m product of Fukuda Met al
Foi | and Paftirrrefoval dftttie ptadmldsscaiotldoil bp etuléng was ebsemeduoryl gemtiytwills0
kg/cnferr] and 330%2{*&0 for 20 minutes to give a lamnate. This |am nate
showed an AIFEYRREeHRBRBERL SO GO g/ cm bet ween st ai nl ess steel and

pol yi m de and 0.8 kg/cm between copper and polyimde and no abnormalities
when tested for heat resistance at 300 [err]C for 1 hour. However, the

pol yi m de fil QumphasativdERymplerzovi ng the stainless steel and copper foils by
etching showed a high linear expansion coefficient of 4.8 X 10 [err]/
[err]C and the | am nate of copper and polyi m des renai ning 21 after

removal of thg,stajnless.steel foil by efchin S LQbseryv to.curl greatl
W ih & curvar arS e & Bermice frepiries A e L3R SARRER SIS e el ot on
of polyi m dg,Jhe8%H aShinteseBicd] A8 tdnionydH2alddB T 80P RoductBSNHRR Sedl t 0 a
stainless steel foil (tension-annealed SUS 304, product of Ni ppon Steel

Cor por at i orJorporativnafte en-after eutehibddkmessobs  8: fcuyr dmagiplicatoradvpddi atalt36iC dri ed

at 130[err]C for. 8 mnutes, the solution of polyim.de precursor_D obtained
in Synt het ifer Bemimytes ﬁw@uw’&fw&blwﬁ preguisprPiohiained ig Symthgticdrxagiple

thi ckness O whs RERAL pulelSthy loid Bad SRELCLbRicadisl o m HDERRBUR) 51,0 C0

h_eat treatnent 1 n a st ) rogen successi ve ( r 4
m nut es, atfoR0D[@indtes,f Gher? SUbjedteds to diead 7HletmiddE 10ra Ztwamutof Snit@ken

320[err]C for 2 mnutes and at 360 [err]C for 2 m nutes to conplete the

curing. Thewuecagatyebbrbi 83 ot dniminttes.cetP98&d for 2t ménweai o 838 TCTsfose? f oi |
and minutes, at 320°C for 2 minutes and at 360 °C for 2 minutes to complete the
curing. There was obtained a laminate composed of the stainless steel foil and
layers formed thereon of polyimides with a combined thickness of 10 um. The
polyimide side of the laminate was placed on a copper foil (electrolytic copper foil
CF-T9 with a thickness of 9 um, product of Fukuda Metal Foil and Powder Co.,
Ltd.) and contact-bonded in a vacuum press at 150 kg/cm® and 330 °C for 20
minutes to give a laminate. This laminate showed practically no deflection but a
low adhesive strength of 0.2 kg/cm between stainless steel and polyimide. When

the laminate was tested for heat resistance in an oven at 300°C for 1 hour, the

occurrence of peeling was confirmed between stainless steel and polyimide.
Comparative Example 3

A laminate was prepared as in Example 1 except using the stainless steel foil
shown in Table 1. The laminate thus obtained was practically free of deflection, but
it showed a low adhesive strength of 0.3 kg/cm between stainless steel and
polyimide because the average roughness along center line (R a ) of the stainless

steel foil showed a small value of 18 nm to 15 nm. Also, the occurrence of blistering
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| ayers formed thereon of polyimdes with a conbined thickness of 10 [err]m
The polyimde side of the | am nate was placed on a copper foil

(el ectrolytic copper foil CF-T9 with a thickness of 9 [err]m product of
Fukuda Metal Foil and Powder Co., Ltd.) and contact-bonded in a vacuum
press at 150 kg/cnferr] and 330 [err]C for 20 mnutes to give a | am nate.
This | am nate showed practically no deflection but a | ow adhesive strength
of 0.2 kg/ cwabetnfpemed whinlths daminatd wandesgel fomhah redtance ae30hiG fat & was
tested for geat resistance in an oven at 300[err]C for 1 hour, the
occurrence B¥%peel i ng was confirmed between stainless steel and polyini de.
Conparative Exanple 3 A lam nate was prepared as in Exanple 1 except using
the stainless steel foil shown in Table 1. The | am nate thus obtai ned was
practi cal | yiddiueerigifAgigicheidity on, but it showed a | ow adhesive strength of
0.3 kg/ cm between stainless steel and polyi m de because the average
roughness along center line (Ra ) of the stainless steel foil showed a
smal | value of 18 nmto ig nm Afso, t he occug[fpce of bli sterli gg 22 was
confirnmed wherFHBACEPHARS HRERHRY 08 ¥ HeHP D SUPERERRR Sfelab T6hr
for 1 hour.,lpEradd a8l adRadiveCabbhithy hedl pali8anl Adthssd MRNGiMAES@alUse N
HDD suspensi ons excel in such properties as adhesive strength, heat

resi st ance, stabdttpealowafide dpatiarsingnah shealeidcitigallyatdnowctivendayeat 4ret rtheag on
the electrically cqQnductive |ayer and the polyimde | ayer, and enable the
prepar at i onP ylméelgwpaﬂ%ieaﬂ@em wr%%ra@%p%}ﬁ%ﬁuwee&lpg?’ Fith esrede’ler . the

; P i . ! . ' ’
P orerei onshapr0UGH; Miedva, (RE SRAELIG BTIBhEh 1R prdtifinls laiios for
resi stance agdinddDEsduspesdiseN@himstalininhtes df ghaly defiddtivh bhd bhRllemiean t ant

resistance and adhesive strength stably in high yield with the concomitant

reduction in manufacturing cost.
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reduction in manufacturing cost. 23 VWhat is clainmed is: (1) (Anended)
Lam nates for use in HDD suspensions conprising a stainless steel base

mat eri al and successive |ayers formed thereon of polyimdes and an

el ectical conductor wherein said stainless steel base material and the said
| ayer of polyimdes satisfy the following conditions (a) to (d); (a) the

| ayer of polyimdes shows a |inear expansion coefficient in the range from
1 x 10 [errWhaj isrdldi@edds3 X 10 [err]/ [err]C, (b) the layer of polyinides
shows an etching rate of 0.5 [err]mmn or nore when i mrersed in 100% :
hydrated hydrazine at 50[err]C, (c) the stainless steel base material shows

heat shr' nkao) afarad3 e usk S 5TDD SAPEnA6nd Bindr B U2l 551A0YJoPBALS Ui nal

di rections when subjected to heat treatnent at for 30 mnutes in
air, and (d)latelnmlsamil sheesssiwt Bgbrd fxmedatieréc ofs hdyinides auédragelecwicgghness
al ong center line (Ra ) of 20 to 300 nmon_the surface to be lamnated to
the Iayer cPPnBB‘FtS?T mhe&n the dnean expangigpcoefiigienh ghidy lorersaf pelyimifdepds Ween t he

ayers of gl gase 3t cel P3P TRker! 3 a0 Bl MY HES AT LK Bkaeen the
8¢ 8¥ KRG Mo nor e

| ayers of des and el ect? Peal éondu are

resp ecti vaimé st&ﬁ)esb@fébﬂﬁéé@%nﬁt@haﬂﬁﬁd the tHHB: §Wﬂﬁd&%d&%a68&%éb% in
claim1l wherein said |ayer of polyimdes has a nultilayer structure, at

| east a twdayergeof the polyimidescomt dhaialeptricdlagoaductbr ok y0. 5 ldgsn ofr nove

respectively.

(2) Laminates for use in HDD suspensions as described in claim 1 wherein said
layer of polyimides has a multilayer structure, at least a two-layer structure,
containing a layer of polyimides of low thermal expansion with a linear expansion
coefficient of 2.5 X 10 % °C or less and a layer of polyimides of high thermal
expansion with a linear expansion coefficient of 3 X 10 * °C or more and the
layer of polyimides of high thermal expansion is in contact with the layer of the

electrical conductor.

(3) Laminates for use in HDD suspensions as described in claim 1 or 2 wherein
said layer of polyimides has a three-layer structure containing a layer of
polyimides of high thermal expansion 1, a layer of polyimides of low thermal
expansion, and a layer of polyimides of high thermal expansion 2, the linear
expansion coefficient of the layer of polyimides of high thermal expansion 1 and
that of the layer of polyimides of high thermal expansion 2are 3 X 10 ° C or
more, either identical with or different from each other, and the linear expansion
coefficient of the aforementioned layer of polyimides of low thermal expansion is

2.5 X 10% °C or less.

(4) Laminates for use in HDD suspensions as described in any one of claims 1 to

3 wherein said layer of polyimides shows a rate of etching of 0.5 ¢ m/min or more
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t hermal expansion with a |inear expansion coefficient of 2.5 x 10 [err]/
[err]C or less and a | ayer of polyimdes of high thermal expansion with a
| i near expansion coefficient of 3 X 10 [err]/ C or nore and the | ayer of
pol yi m des of high thermal expansion is in contact with the |ayer of the
el ectrical conductor. (3) Lam nates for use in HDD suspensions as descri bed
inclaiml or 2 wherein said |layer of polyimdes has a three-|ayer
structure cwhenimnregsel inalfs lfdrpteidyliydiraiase af 5GiCgh t her mal expansion 1, a
| ayer of polyimdes of |ow thermal expansion, and a | ayer of polyimdes of
hi gh thermal expansion 2, the linear expansion coefficient of the |ayer of
pol yi m des of ki st lowl, M des
of high thermg5 %%Bg{r%gsrﬁ% ar;eﬁ'lgbgﬂi%EI%err #%{eerr hI?ahﬁf‘ﬁéeof(?:tau eZ?ﬂ)

i dentical witwhepsindald golgintidéds ailove gledined] leepansiditiarelpelyiiifRe cortu prng 507
coefficient of the aforenentioned | ayer of polyimdes of |ow thermnal
expansi on i By weigh¢ o0 marg rqf/thﬁéftlf‘]C@l@ﬂ yndt gepreagnteddy ehe fplipsing (sreerided)
Lam nat es f]% uge f)n HDD suspensi ons as described in claim2 or 3 wherein
said polyin Ges' %% | ow t hermal expansi on are polyi m des containi ng 50% by
wei ght or nore of the structural unit represented by the foll ow ng general
formula (1) [err] in which R[err] to Rl err] are hydrogen, hal ogen, | ower
al kyl group, @y lo |dentﬁ?cal with or different from one
anot her, and on \(6) (Arended) Lam nates for use

in HDD suspe ),__ - (1)

i

R

in which R, to R; are hydrogen, halogen, lower alkyl group or lower alkoxy group,

identical with or different from one another, and one of them is alkoxy group.

(6) Laminates for use in HDD suspensions as described in any one of claims 2 to
4 wherein said polyimides. of low thermal expansion are polyimides containing 50%
by weight or more of the structural unit represented by the following general

formula (2)

Ry 4

f |
{; = | @

R; Rs

in which R, to R, are hydrogen, halogen, lower alkyl group or lower alkoxy group,

identical with or different from one another.
(7) Laminates for use in HDD suspensions as described in any one of claims 2 to

6 wherein said polyimides of high thermal expansion are polyimides in which at

least one kind of tetracarboxylic acid unit selected from pyromellitic acid
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claim2 or 3 wherein said polyimdes are polyimdes containing 50% by

wei ght or nore of the structural unit represented by the foll owm ng general
formula (2) in which Rerr] to R err] are hydrogen, hal ogen, |ower alkyl
group or | ower al koxy group, identical with or different from one another.
(7) (Amended) Lam nates for use in HDD suspensions as described in claim 2,
3 or 5 wherein said polyimdes of high thernmal expansion are polyimdes in
which at | edezivadive wihds.4f3'#'edipharalddfopkictraserbuxylin acid slesivative utoand
pyronel [iti ni t

d at
G bhenyl sul FAieEphER Ry EcaiPitisant derbitida derivativa uait gocopmnts or
di phenyl et h%%gykr@&@ﬁm&%ﬂe%f OBl SHRAVNCE 8 s IR MALY B NI aCCOUN S

for 70% by wei ght of nore of the tetracarboxylic acid-based structural
unit. (8) (Amended) Lami nates for use in HDD suspensions as described in
claim2, 3 or 5 wherein said polyimdes of high thermal expansion are
pol yi m des coﬁ&)évwwgteﬁd%wlméi Risugpensinnes agflesaibed in g onent claims 2 to

[ epr esent ods Bhd g, Lok BRI R ButBloh 874 bobfpdlh htlng) Lo

with or diff®%e9twditReomneredfehd StrucRiRal Gnik se&egarnnéld b fhe toﬂme gegéheral
Lam nates for use in HDD suspensions as described in claim2,

wher ei n saifdrpolay(3xi des of high thernmal expansion

. | P% ¥
OO OO OO @

in which X, to X; are -O-, -C(CHj),-, -SOs-, -CH,- or nil, identical with or different

from one another.

(9) Laminates for use in HDD suspensions as described in any one of claims 2 to
6 wherein said polyimides of high thermal expansion are polyimides containing
70% by weight or more of the structural unit represented by the following general

formula (4)

O @x=@(©% J@?—- o

in which X, to X; are -O-, -C(CHj)s-, -SO;-, -CH,- or nil, identical with or different

from one another, and nis O or 1.
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are polyimdes containing 70% by wei ght or nore of the structural unit
represented by the follow ng general forrmual (4) [err] in which Xerr] to
Xerr] are -O, -C(CHerr])[err]-, -SQ2-, -CHerr]- or nil, identical with
or different fromone another, and nis 0 or 1. (10) (Amended) Lam nates
for use in HDD suspensions as described in clains 1 to 3 and clains 5 to 9
wherein the |inear expansion coefficient of said stainless steel base
material is i (l@Hamiaates for o i HBD suspéndiens 4y desurilpd2nGny obe of daimd L[ err] C

in each of t ansv e and | ongi t udj nal irections and, the difference of
the | near EXGEREROR (oo R ERBRE R R LSO Sl SPEHiE A -
directions § Ssth rhag&of P75k 1 {0 &L loczﬂf  §§y ﬁ%gxkaém&%%g

fS A ? suspen5| ons

(Del eted) ( ocess for preparing | am nates use I'n

conpri sing mpgituﬂml direoiotsi 21l the diffbssnde G lipe &C exp06ion @beffioleyt betd@sni N one
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(12) Laminates for use in HDD suspensions as described in any one of claims 1
to 11 wherein the average roughness along center line (R a ) of said stainless steel
base material is 20 to 300 nm on the surface to which the layer of polyimides is

laminated.

(13) A process for preparing laminates for use in HDD suspensions comprising
applying a solution of polyimide precursors or polyimides in one layer or more to a
stainless steel base material with a thickness of 10 to 70 x m, drying, performing
heat treatment at 250 °C or more to form a layer of polyimides with a thickness of
3t020 um and a linear expansion coefficient of 1 X 10% °C to 3 X 10 % C,
and contact-bonding said layer of polyimides under heat to a layer of electrical

conductor with a thicknessof 3t0 20 um.

(14) A process for preparing laminates for use in HDD suspensions comprising
applying successively a solution of polyimides of high thermal expansion 1 or
polyimide precursors of high thermal expansion 1, a solution of polyimide
precursors of low thermal expansion, and a solution of polyimides of high thermal
expansion 2 or polyimide precursors of high thermal expansion 2 to a stainless

steel base material with a thickness of 10 to 70 u m, drying, and performing heat
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thermal expansion 1 or polyimde precursors of high thermal expansion 1, a
sol ution of polyimde precursors of |ow thermal expansion, and a sol ution
of polyimdes of high thermal expansion 2 or polyimde precursors of high
thermal expansion 2 to a stainless steel base material with a thickness of
10 to 70 [err]m drying, and perform ng heat treatnment at 250[err]C or nore
to forma layer of polyimdes with a thickness of 3 to 20 [err]mand a
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contact-bonchng said layer of polyimides under heat to a layer of electrical

conductor with a thicknessof 3t0 20 xm.
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