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Title of the Invention 

Laminates 

Field of Technology 

-r-H-rs-SREET HAS BEEN 
REPLACED 

This invention relates to laminates which serve as materials suitable 

for HD~ (hard disk drive) suspensions. 

Background Technology 

Partial removal of the insulator on an electric conductor has of ten 

been practiced for the purpose of exposing the electric conductor in a 

terminal. A technique thereby employed is to paste a punched-out 

insulating film on the electric conductor and pattern the electrically 

conducting portion. Another technique is to remove the insulator 

underneath the patterned electric conductor by a special chemical 

[Japan Kokai Tokkyo Koho No. Sha 52-22071 (1977)] or by laser [Japan 

Kokai Tokkyo Koho No. Sho 62-22071 (1987)]. The former technique, based on 

fabrication by punching, poses problems of difficulties in attaining 

accuracy and also of expenditure for molds. On the other hand, the 

latter technique requires hazardous chemicals such as strong alkali and 

costly equipment for generation of laser and plasma and also poses the 

prob 1 em of 1 ow productivity. 
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An HDD (hard disk drive) suspension has been prepared by etching a 

stainless steel foil and a thin-film magnetic head is mounted on the tip 

of the suspension and packaged by wire bonding.with a gold wire. A 

general structure of such HDD suspension is described in PBTEROTECH, 

Volume 18, Number 11, page 351. 

In recent years, however, active studies directed to smaller size and 

higher density and capacity of HDD suspensions are under way and the 

indispensable theme of such studies is low rise of suspensions 

(sliders). From this viewpoint, the conventional gold wire is an 

obstacle to low rise and, in addition, its resistance to air flow is 

detrimental to high-speed manufacture. 

To solve the problem in question, an attemp has been made to form 

patterns of insulating polyimides directly on a stainless steel foil 

and then form a copper ciurcuit on the polyimides as disclosed in Japan 

Kokai Tokkyo Koho No. Sha 60-246015 (1985). 

A technique such as this, however, still faces difficulties in 

forming a fine circuit. There are also problems, although latent, such 

as poor adhesiori of polyimides to the substrate stainless steel foil 

and a long period of time, too long for an operation on an industrial 

scale, required for alkali etching of polyimide precursors. 

An object of this invention is to provide laminates of high 
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reliability and fabrication accuracy and excellent workability which 

allow the preparation of circuit board~ by fabrication of the insulator. 

Another object -Of this invention is to provide laminates of high 

reliability and fabricability useful for the preparation of HDD 

suspensions. 

Disclosure of the Invention 

Accordingly, this invention relates to laminates which consist of an 

electric conductor and layers, formed one on top of another, of 

polyimide precursors and photosensitive resins. 

This invention also -relates to laminates whlch consist of a stainless 

steel foil and layers, formed one on top of another, of polyimide 

precursors and photosensitive resins and are useful for the preparation 

of HDD suspensions and, preferably, said polyimide precursors have a 

main structural unit represented by the following general formula (2) 

~NOC~CONH-~~ 
(COOR.) 2 . m · 

i HNOC-q-8-q-CONH-At·. 

COOR" COOH 100-m ( 2 ) 

wherein A is the divalent residue of an aromatic group containing 17 or 
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less carbon atoms, B is ~co-, -SOz- or -0- and m is an integer from 0 to 

100. 

Photosensitive resins may vary in structure, their choice being 

optional, and they may be either negative-working or positive-working. 

Photosensitive resins are normally ultraviolet-reactive or electron 

beam-reactive and they are composed of base oligomers, reactive 

diluents, photoinitiators, photosensitizers, pigments, polymerization 

inhibitors and the like. As base oligomers are known epoxy acrylates, 

urethane acrylates and polyester acrylates. 

Ultraviolet-curable acrylic resins are particularly desirable as 

photosensitive resins because of their resistance to alkali and to 

·penetration of water during etching of a layer of polyimide precursors. 

Most desirable are acrylic photosensitive resins which can be developed 

and stripped by acids. Their thickness is preferably 2 to lOOµm. A 

film with a thicknes of less than 2,um lacks strength, though 

fabrication accuracy is high, and tends to cause problems such as 

peeling during etching of polyimide precursors. A film with a thickness 

in excess of 100 ,um, though strong and highly reliable, suffers from 

loss of fabrication accuracy and increase in cost. 

Polyimide precursors are synthesized by treating diamines (or their 

derivatives) with tetracarboxylic acid dianhydrides (or their 

derivatives) in a polar solvent at 0 to 200 °c. The occurrence of 

imidation in the course of this reaction is undesirable as it decreases 
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solubility and extends the etching time during patterning. 

Polar solvents include N-methylpyrrolidone (NMP), dimethylformamide 

(DMF), dimethylacetamide (DMAc), dimethyl sulfoxide (DMSO), dimethyl 

sulfate, sulfolane, butyrolactone, cresol, phenol, halogenated phenols, 

cyclohexanone, dioxane, tetrahydrofuran and diglym~ 

Diamines (or their derivatives) include p-phenylenediamine, m­

phenylenediamine, 2' -methoxy-4, 4' -diaminobenzani l ide, 4, 4' -

diaminodiphenyl ether, diaminotoluene, 4, 4' -diaminodiphenylmethane, 

3, 3' -dimethyl-4, 4' -diaminodiphenylmethane, 3, 3' -dimethyl-4, 4' -

diaminodiphenylmethane, 2,2-bis[4-(4-amiriophenoxy)phenyl]propane, 1,2-

bis(anilino)ethane, diaminodiphenyt· sulfone, diaminobenzanilide, 

diaminobenzoate, diaminodiphenyl sulfide, 2, 2-bis(p-aminophenyl) 

propane, 2,2-bis(p-aminophenyl)hexafluoropropane, 1,5-diaminonaphthalen 

e, diaminotoluene, diaminobenzotrifluoride, 1, 4-bis(p-aminophenoxy) 

benzene, 1,3-bis(p-aminophenoxy)benzene, 4,4'-(p-aminophenoxy)biphenyl, 

diaminoanthraquinone, 4,4'-bis(3-aminophenoxyphenyl)diphenyl sulfone, 

l,3-bis(anilino)hexafluoropropane, 1,4-bis(anilino)octafluoropropane, 

1,5-bis(anilino)decafluoropropane, 1,7-bis(anilino)tetradecafluoropropan 

e, diaminosiloxanes represented by the following general formula 

R 1 R 1 

.I I · 
H1N-Ra-(f iO)p~f i-Ra-NH2 

Ra R1 or 
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Ra Ra -
I I 

H1N-R.-(SiO).~SiO-R,-NHz 
I I 
Ra Ra 

(wherein R2 and R4 are divalent organic groups, R1 and Rs are monovalent 

organic groups and p and q are integers greater than 1), 2,2-bis[4-(p­

aminophenoxy)phenyl]hexafluoropropane, 2,2-bis[4-(3-aminophenoxy) 

phenyl]hexafluoropropane, 2,2-bis[4-(2-aminophenoxy)phenyl]hexafluoropro 

pane, 2,2-bis[4-(4-aminophenoxy)-3,5-dimethylphenyl]hexafluoropropane, 

2,2-bis[4-(4-aminophenoxy)-3,5-di(trifluoromethyl)phenyl]hexafluoroprop 

ane, p-bis(4-amino-2-trifluoromethylphenoxy)benzene, 4,4'-bis(4-amino-2-

trifluoromethylphenoxy)biphenyl, 4,4'-bis(4-amino-3-trifluoromethylpheno 

xy)biphenyl, 4, 4' -bi s(4-amino-2-tri fluoromethylphenoxy)diphenyl sulf one, 

4,f -bis(4-amino-5-trifluoromethylphenoxy)diphenyl sulfone, 2,2-bis[4-

(4-amino-3-trifluoromethylphenoxy)phenyl]hexafluoropropane, benzidine, 

3, 3', 5, 5' -tetramethylbenzidine, octafluorobenzidine, 3, 3' -

dimethoxybenzi dine, o-tol idine; m-tol idine, 2, 2', 5, 5', 6, 6' -

hexafluorotolidine, 4,4"-diaminoterphenyl and 4,4"'-diaminoquaterphenyl 

or diisocyanates resulting from the reaction of these diamines with 

phosgene. 

Any of these diamines (or their derivatives) may be used and it is 

desirable that the main components are diamines containing the main 

structural unit represented by the aforementioned general formula (2), 

that is, diamines whose A is the divalent residue of an aromatic group 

with 17 or less carbon atoms. When the main components are diamines 
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with more than 17 carbon atoms, the time for alkali etching of 

polyimide precursors becomes extremely long, which lowers productivity 

and makes high-accuracy fabrication difficult. Hence, it is desirable 

that 80 mol% or more of the diamines are aromatic diamines with 17 or 

less carbon atoms. 

Tetracarboxylic acid anhydrides (or their derivatives) include the 

following and it is to be uderstood that, although tetracarboxylic acids 

are shown as examples, their esters, acid anhydrides, and acid halides 

can certainly be used; pyromellitic acid, 3,3' ,4,4'-biphenyltetracarboxy 

- lie acid, 3,3',4,4'-benzophenonetetracarboxylic acid, 3,3',4,4'­

(diphenyl sulfone)tetracarboxylic acid, 3,3' ,4,4'-(diphenyl ether) 

tetracarboxylic acid, 2,3,3' ,4'-benzophenonetetracarboxylic acid, 

2,3,6,7-naphthalenetetracarboxylic acid, 1,2,5,6-naphthalenetetracarboxy 

lie acid, 3,3',·4,4'-diphenylmethanetetracarboxylic acid, 2,2-b1s(3,4-

dicarboxyphenyl)propane, 2~ 2-bis(3, 4-dicarboxylphenyl) 

hexafluoropropane, 3, 4, 9, 10-tetracarboxyperylene, 2, 2-bis[4-(3, 4-

dicarboxyphenoxy)phenyl]propane, 2,2-bis[4-(3,4-dicarboxyphenoxy) 

phenyl]hexafluoropropane, butanetetracarboxylic acid and 

cyclopentanetetracarboxylic acid. Trimellitic acid and its derivatives 

are also useful. 

It is desirable that the main components of these tetracarboxylic 

acid anhydrides (or their derivatives) are those which contribute to 

form the main structural unit represented by the aforementioned general 

formula (2) and, concretely, they include· pyromelli tic anhydride, 
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3, 3', 4, 4' -benzophenonetetracarboxyl ic acid, 3, 3', 4, 4' -(di phenyl sulfone) 

tetracarboxylic acid and 3,3' ,4,4'-(diphenyl ether)tetracarboxylic acid. 

They should preferably account for 80 mo1% or more of the acid 

anhydrides used. 

The subscript m in the aforementioned general formula (2) indicates 

the proportion of a given subunit and it is in the range from O to 100, 

preferably from 30 to 100. The main structural unit means that the 

structural unit in question accounts for 60 moll or .more, preferably 80 

mol% or more, of the structural units of polyimide precursors. 

The use -of acid anhydrides. other than those mentioned above causes 

problems such as longer time for the alkali etching of a polyimide 

precursor layer and increased difficulty for performing high-accuracy 

fabrication. 

It is possible to introduce a crosslinked or ladder structure by 

modification with compounds containing reactive functional groups. For 

example, the following methods are available for such modification. 

(a) Introduction of the pyrrolone or isoindoloquinazolinedione ring is 

possible by modification with compounds of the following general 

formula (3) 

H2N- Rs - NHa. 
I 

(Z)x ( 3 ) 
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wherein Rs is the residue with (2 + X) valence (X is 1 or 2) of an 

aromatic group and Z is a substituent selected from -NH2, -CONH2 and -

S02NH2 and positioned ortho to the amino group. 

(b) Modification with derivatives containing polymerizable unsaturated 

bonds of amines, diamines, dicarboxylic acids, tricarboxylic acids or 

tetracarboxylic acids effected to form crosslinked structures in the 

course of curing. Maleic acid, nadic acid, tetrahydrophthalic acid or 

ethynylaniline may be used as unsaturated compound. 

(c) Modification with aromatic amines containing ph_enolic hydroxyl group 

or carboxylic acid is effected to form crosslinking agents containing 

reactive hydroxyl or carboxyl group. 

According to this invention, the polyimide precursors thus prepared 

are put in place as film in contact with a layer of photosensitive 

resins and it is preferable that the resin layers cure with a thermal 

expansion coefficient ·of 5 x 10 -s I °C or less. When the thermal 

expansion coefficient exceeds 5 x 10 -s I °C, particularly in 

applications to HDD suspensi-0ns, the circuit warps on cooling after 

processing by high-temperature heat treatment for imidation and such 

warpage tends to cause troubles in practical use. 

Polyimide precursors containing a repeating unit represented by the 

· following general formula (1) 
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- HNOc-Q-cONB-q-NHCO~ 
(COOH)a OCHa (I) 

are more preferable as they cure with a small thermal expansion 

coefficient and are easy to fabricate. 

For the purposes of controlling the thermal expansion coefficient or 

adjusting the mechanical properties, it is possible to utilize 

copolymerization or ~lending with the use of the aforementioned 

compounds in addition to these repeating units. Moreover, there are 

other possibilities such as mixed use of powders, fibers or chopped 

strands of inorganic or organic substances or metals for improvement of 

a variety of properties, addition of antioxidants for prevention of the 

oxidation of circuits during curing or of silane coupling agents for 

improvement of adhesion and blending of different kinds of polymers for 

improvement of flexibility, flow or adhesion. As needed, the polyimide 

layer can be made multilayer. 

The thickness of a polyimide precursor layer is 2 to 300 ttm, 

preferably 2 to lOOµm. When the thickness is less than 2 µm, the 

circuit loses reliability for insulation and deteriorates in mechanical 

properties such as folding enduran_ce. Degradation tends to occur in the 

course of imidation with the thickness in excess of 300ttm while the 

etching accuracy drops with the thickness in excess of lOOµm. 
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A foil of copper, aluminum or stainless steel may be used as electric 

conductor. A stainless steel foil, on account of its modulus, is 

desirable as material for HDD suspensions~ The thickness is optional, 

but it is desirably 200 ,um or less for reasons of manufacture and 

fabrication. In particular, a foil as material for the ~anufacture or 

fabrication of HDD suspension preferably has a thickness in the range 

from 10 to 70µm. When the thickness of a foil exceeds 70µm, low rise 

becomes difficult to maintain while in use as HDD suspension or the 

fabrication into suspensions by folding or the etching of stainless 

steel becomes difficult. On the other hand, a thickness of less than 10 

µmis undesirable for lack of elasticity as suspension. It is allowable 

to roughen the surface of a foil or form a layer of alloy or primer on 

the surface for improvement of adhesion. 

Laminates of this invention are usually prepared by applying 

polyimide precursors to an electric conductor, drying, further applying 

photosensitive resins and drying. The applied solution of the polyimide 

precursors is dried at a temperature chosen from within the range which 

does not degrade the photosensitive resins or release films and, 

preferably, at 180 °c or less. Imidation takes place above this 

temperature, which undesirably .results in longer etching time during 

patterning of the polyimide precursors. The temperature for drying the 

photosensitive resins is chosen from within the range which does not 

adversely affect" the photosensitivity and it is preferably 150°C or 

less. 
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After the formation of laminates in this manner, it is advisable to 

paste a protective film on the photosensi.tive resin layer for 

protection against dust. Such protective film may be chosen from 

commonly available films.of polyesters, polypropylene and polyimides and 

films coated with release agents such as silicones for easier release 

after fabrication may be used. 

The laminates thus obtained are exposed and developed to form a 

desired pattern on the photosensitive resin layer and then treated with 

an alkaline solution to etch the polyimide precursor layer. It is 

possible to apply heat during etching to increase the processing speed . 

. Thereafter, the photosensitive resin layer is stripped and the 

polyimide precursor layer is cured. Though the conditions are optional, 

the curing is effected .at 200 °C or more, preferably at 250 °C or more, 

to let polyimides fully show their characteristics. As for the method of 

heating, it is possible to apply batch heating in a hot-air oven or 

roll-to-roll heating. 

In the manufacture of HDD suspensions or advantageously of HDD 

suspensions in which circuits are formed directly on an integrated 

structure of gimbals and load beam, a patterned polyimide layer is 

formed as insulation layer on a stainless steel foil in the manner 

described above and what follows next in the fabrication into a 

suspension is the formation of an electric conductor on the patterned 
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insulation layer in an optional manner. For example, a thin layer of 

metal such as copper and nickel is formed by sputtering on polyimides 

and subsequently plated electrolytically by an electric conductor such 

as coppe~ 

In the plating ste~ it is possible, as needed, to protect polyimides 

which are to be patterned for wiring with the use of photosensitive 

resins and need not be plated, the sputtered surface, or the stainless 

steel surface. 

The wiring thus formed by plating can be provided, as needed, with a 

plated layer of nickel/gold and the like on its top for prevention of 

corrosion and also with an uppermost layer of resins such as polyimides 

for insulation. 

A stainless steel foil thus provided with wiring is finally 

fabricated into a suspension with its external shape formed by either 

etching or punching of the foil. 

Fabrication by bending follows to finish a suspension, with a heat 

treatment given as needed for removal of strain. 

The shape of a suspension varies with the intended use as described 

in the aforementioned publication. In the assembly step, a head such as 

thin-film magnetic head and MR head is packaged on the surface of this 

base board at a fairly high temperature. 
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Pref erred Embodiment of the Invention 

This invention will be described concretely below with reference to 

the accompanying examples and it goes without saying that this 

invention is not limited to these examples. 

The thermal expansion coefficient was determined on the sufficiently 

imidized sample with the aid of a thermomechanical analyzer (TMA) by 

heating the sample up to 250 °C, then cooling .at a rate of 10°C/min and 

calculating the average thermal expansion coefficient between 240°C and 

100°c. 

The soldering resistance was determined by leaving a circuit at 76% 

RH for 24 hours, immersing the circuit in a solder bath for 1 minute 

and measuring the maximum temperature at which no blistering nor peeling 

occurs while examining the circuit at 10 °c intervals. 

The fabrication accuracy was evaluated by etching a polyimide 

precursor layer with the use of circular patterns differing from one 

another by 10 .um in diameter and finding the diameter of a well shaped 

pattern by visual observation. Alternatively, the fabrication accuracy 

was evaluated by etching with the use of a negative film containing a 

pattern of alternating 100 .um-wide lines and 100,um-wide gaps, 

observing a cross section of the polyimide layer and calculating the 

etch factor (f) from the following equation; 
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f = 2 d/(t1 - t2) 

wherein t, is the length of the lower side of the trapezoidal cross 

section, t2 is the length of the upper side of the trapezoidal cross 

section and d is the thickness of the polyimide layer. 

Synthetic Example 1 

In 220 ml of DMAc (dimethylacetamide) placed in a 300-ml four-necked 

flask fitted with a thermometer, a calcium chloride tube, a stirrer and 

an inlet tube for nitrogen were dissolved 0~07 mole of 2'-methoxy-4,4'­

diaminobenzanilide and 0,03 mole of 4,4'-diaminodiphenyl ether with 

stirring in a current of nitrogen flowing at a rate of 200 ml per 

minute. While cooling the resulting solution to 10 °C or less in an ice 

bath, 0.10 mole of pyromellitic dianhydride was added slowing to the 

solution. Thereafter, the reaction mixture was stirred continuously at 

room temperafure for approximately 2 hours to effect polymerization. 

There was obtained a brown, transparent viscous sol~tion of polyimide 

precursors. 

Synthetic Example 2 

In 220 ml of NMP (N-methyl-2-pyrrolidone) placed in a 300-ml four­

necked flask fitted with a thermometer, a calcium chloride tube, a 

stirrer and an inlet tube for nitrogen was dissolved 0. 10 mole of 4,4'­

diaminodiphenyl ether with stirring in a current of nitrogen flowing at 

a rate of 200 ml per minute. While cooling the resulting solution to 10 
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°C or less in an ice bath, 0.05 mole of 3,3' ,4,4'-benzophenonetetracarbo 

xylic acid anhydride and 0.05 mole of pyromellitic dianhydride were 

added slowing to the solution. Thereafter, the reaction mixture was 

stirred continuously at room temperature for approximately 2 hours to 

effect polymerization. There was obtained a brown, transparent viscous 

solution of polyimide precursors. 

Synthetic Example 3 

In 220 ml of DMAc (dimethylacetamide) placed in a 300-ml four-necked 

flask fitted with a thermometer, a calcium chloride tube, a stirrer and 

an inlet tube.for nitrogen was dissolved 0.10 mole of 4,4'­

diaminodiphenylmethane with stirring in a current of nitrogen flowing 

at a rate of 200 ml per minute. While cooling the resulting solution to 

10 °C or less in an ice bath; 0.10 mole of BTDA _(3, 3', 4, 4' -

benzophenonetetracarboxylic acid anhydride) was added slowing to the 

solution. Thereafter, the reaction mixture was stirred continuously at 

room temperature for approximately 2 hours to effect polymerization. 

There was obtained a yellow, transparent viscous solution of polyimide 

precursors. 

Synthetic Example 4 

A solution of polyimide precursors was synthesized as in the 

aforementioned Synthetic Example 3 except replacing 4, 4' -

diaminodiphenylmethane with l,4-bis(p-aminophenoxy)benzene. 
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Synthetic Example 5 

A solution of polyimide precursors was synthesized as in the 

aforementioned Synthetic Example 3 except replacing BTDA (3,3' ,4,4'­

benzophenonetetracarboxylic acid anhydride) with DSDA [3,3' ,4,4'­

(diphenyl sulfone)tetracarboxylic acid anhydride]. 

Synthetic Example 6 

A solution of polyimide precursors was synthesized as in the 

aforementioned Synthetic Example 3 except replacing BTDA (3,3' ,4,4' -

benzophenonetetracarboxylic acid anhydride) with BPDA (3,3' ,4,4'­

biphenyltetracarboxylic acid anhydride). 

Example 1 

The polyimide precursor solution obtained in Synthetic Example 1 was 

applied to the roughened surface of a commercially available 35 .um­

thi ck electrolytic copper foil (product of Mitsui Kinzoku Co., Ltd.) to 

a dry thickness of 40 .um and dried at 120°C for 6 minutes. On top of 

the polyimide precursors were applied commercially available acid­

developing type acrylic photosensitive resins (NCAR, product of Tokyo 

Process Co., Ltd.) to a dry thickness of 20 .um and dried at ll0°C for 1 

minute. A 15 .um-thick polyester film was laminated to give a four­

layer laminate with the structure of copper foil/polyimide precursor 
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layer/photosensitive resin layer/protective film. 

A negative film measuring 10 cm x 10 cm and possessing the 

aforementioned circular pattern was placed in contact with the 

protective film of the laminate and exposed to an amount of light of 

approximately 100 mmNJ/cm 2 in a discharge type exposure equipment, 

Hitech's Model 3000NEL. Thereafter, the laminate was stripped of the 

protective film and the exposed resins were developed in a simplified 

shower by a 0.5% aqueous solution of lactic acid at 30°C and at a water 

pressure of 1 kg/cm 2 for 30 seconds. 

The base board whose photosensitive resin layer alone had been 

patterned was etched in a simplified shower by a 10% aqueous solution of 

sodium hydroxide at a liquid temperature of 45 °c and at a water 

pressure of 1. 5 kg/cm 2 for 35 seconds and then etched by warm water 

under.the same conditions. The bare portion of the polyimide presursor 

layer was removed clean and the substrate copper foil was visually 

confirmed. 

The remaining photosensitive resins were stripped by applying a 

shower of a 10% aqueous solution of lactic acid at 30°C and at a water 

pressure of 1 kg/cm 2 for 40 seconds. The base board thus obtained was 

washed with water, heated in a hot-air oven at 130°C for 10 minutes, and 

then heated successively at 160,200, 250 and 300 °C _for 2 minutes at 

each temperature. The base board possessed a 25 um-thick polyimide 

insulation layer with circular patterns, the polyimide layer was in 
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contact with the copper foil free of voids when the cross section of the 

board was observed, and the board was extremely good in external 

appearance and flat. 

The board was distinguished by its resistance to soldering at 350°C 

and also by its high mechanical strength as evidenced by manual folding 

without breaking. When evaluated for fabrication accuracy by the 

aforementioned patterns, precise fabrication was possible up to a circle 

of 100 p, m, much higher accuracy than by punching by a mo 1 d. The 

thermal expansion coefficient of the insulation layer was 2.0 x 10 - 5
/ 

°C. The resin layer possessed a sufficiently high adhesive strength of 

0.5 kg/cm to the copper foil and showed no peeling at all when manually 

folded 10 times. 

Example 2 

Using the polyimide precursor solution obtained in Synthetic Example 

2, a 10 µm-thick polyimide layer was formed on a 25p,m-thick stainless 

steel foil and evaluated as in Example 1. The base board showed 

soldering resistance of 330 °c, good folding endurance, and excellent 

flatness. The fabrication accuracy was 100p,m and the thermal expansion 

coefficient was 4. 3 x 10 -s / 
0c. 

Example 3 

Using the polyimide precursor solution obtained in Synthetic Example 

-1 9 -



• 

3, a 50 ,um-thick polyimide layer was formed on a 100 µ.m-thick aluminum 

foil and evaluated as in Example 1. The base board showed soldering 

resistance of 330°C,good folding endurance, fabrication accuracy of 100 

,um and a thermal expansion coefficient of 4.5 x 10 -s; °C. 

Example 4 

The polyimide precursor solution obtained in Synthetic Example 1 was 

applied to a commercially available 25.ttm-thick stainless steel foil 

(product of Nippon Steel Corporation) to a dry thickness of 10 ,um and 

dried at 120°C for 3 minutes. 

On top of the polyimide precursor layer were applied commercially 

available acid-developing type acrylic photosensitive resins (NCAR, 

product of Tokyo Process Co., Ltd.) to a dry thickness of 10 ,um and 

dried at llO°C for l minute. 

A 15 um-thick polyester film was laminated to give a four-layer 

laminate with the structure of stainless steel foil/polyimide precursor 

layer/photosensitive resin layer/protective film. 

A negative film with the·aforementioned parallel pattern was placed 

·in contact with the protective film and exposed to an amount of light 

of approximately 100 mmNJ/cm 2 in a discharge type exposure equipment, 

Hi tech' s Model 3000NBL. Thereafter, the laminate was stripped of the 

protective film and the exposed resins were developed in a simplified 
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shower by a O. 1% aqueous solution of lactic acid at 30°C and at a water 

pressure of 1 kg/cm 2 for 60 seconds. 

The base board whose photosensitive resin layer alone had been 

patterned was etched in a simplified shower by a 10~ aqueous solution of 

sodium hydroxide at a liquid temperature of 15 °C and at a water 

pressure of 1.5 kg/cm2 for 10 seconds and then etched by warm water of 

40 °C under the same conditions. The bare portion of the polyimide 

presursor layer was removed clean and the substrate stainless steel foil 

was visually confirmed. 

The remaining photosensitive resins were stripped by applying a 

.shower of a 10% aqueous solution of lactic acid at 30°C and at a water 

pressure of 1 kg/cm 2 for 40 seconds. 

The base board thus obtained was washed with water, heated in a hot­

air oven at 130°C for 10 minutes, and then heated successively at 160, 

200, 250 and 300°C for 2 minutes at each temperature. 

The base board possessed a 7 µ. m-thick polyimide insulation layer 

patterned with para! lel lines spaced at approximately 100 µ.m intervals, 

the polyimide layer was in contact with the copper foil free of voids 

when the cross section of the board was observed, and the board was· 

extremely good in external appearance. 

The board withstands soldering at 350°C and its heat resistance is 

-21-



.. . ... 

sufficiently high and presents no problems in the subsequent packaging 

step. 

When the fabrication accuracy was evaluated by the aforementioned 

parallel pattern, the etch factor was 0. 6. 

The thermal expansion coefficient of the insulatiun layer was 2.0 x 

10 -s; °C and the board was virtually free of warpage. 

The adhesive strength of the resin layer to the stainless steel foil 

was 0.5 kg/cm, which is sufficiently high and poses no problems in 

practical use. 

In order to form wiring on the patterned base board, copper was 

deposited by sputtering on the poly imi de layer and finally a 5 .um­

t hick layer of copper was formed by letting the copper deposit function 

as electrode. This copper layer possessed sufficient adhesive strength 

to serve as suspension. 

Thus, wiring was formed on the stainless steel/polyimide base board 

as described above, and the stainless steel foil was further etched and 

folded to give an HDD suspension. 

Examples 5 to 9 

A 7µm-thick layer of polyimides was formed on a 25µm-thick 
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stainless steel foil by using each of the polyimide precursor solutions 

obtained in Synthetic Examples 2 to 6 and evaluated as in Example 1. 

The time for etching first by alkali and then by warm water was 

optimized depending upon the structure of resins used. The results are 

shown in Table 1. 

[Table 1 ] 

Example No. 

4 5 6 7 8 9 

Synthetic Example.No. 1 2 3 4 5 6 

Treating Warm water 10 8 12 60 10 90 
time 
(second) Alkali 40 40 60 120 40 120 

Adhesive strength 
(kg/cm) .o. 5 0. 7 0. 5 0. 6 o. 6 0. 4 

Thermal expansion 
coefficient (xl0- 6

) 20 33 40 45 48 46 

War page 0 0 6 6. 6. 6 

Etch factor 0. 6 0. 8 0. 7 0. 5 0. 8 o. 4 

Soldering 
resistance (oC) ·350 350 320 330 320 340 

Area of Industrial Application 

Laminates of this invention allow extremely easy fabrication of 

insulators of high fabrication accuracy and reliabillty on an electric 

conductor. The laminates are useful as materials for the manufacture of 
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HDD suspensions of an integrated circuit/wiring structure with high 

accuracy. 

-24-



-----------------------·-···-----· 

fl 

What is claimed is: 

(1) Laminates in which a layer of polyimide precursors and a layer of 

photosensitive resins are formed one on top of another on an electric 

conductor. 

(2) Laminates as described in claim 1 wherein said electric conductor 

is a copper foil or a stainless steel foil. 

(3) Laminates as described in claim 1 or claim 2 wherein said 

polyimide precursors show a thermal expansion coefficient of 5 x 10 

-s / °C or less after curing. 

(4) Laminates as described in any one of claims 1 to 3 wherein said 

polyimide precursors possess a repeating unit of the following general 

formula (1). 

- HNOC-Q-CONH-q-NHCO~ 
(COOH)a OCHa (1) 

(5) Laminates useful for the manufacture of HDD suspensions, said 

laminates consisting of a layer of polyimide precursors and a layer of 

photosensitive resins formed one on top of another on a stainless steel 

f oi I. 
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(6) Laminates as described in claim 5 wherein said polyimide 

precursors possess a structural unit represented by the following 

general formula (2) 

~NOC~CONH-A~ 
(COOH.) a · m 

. iHNOc~B~cONH-At . 

cooff coon . 100-m . < 2 > 

(A is the divalent residue of an aromatic group containing 17 or less 

carbon atoms,B is -CO-, -S02- or -0- and mis an integer from 0 to 100) 

as the main structural unit. 

(7) Laminates as described in claim 5 wherein said photosensitive 

resins are of the acid-developing type. 

(8) Laminates as described in claim 5 wherein said stainless steel 

foil is 10 to 70µm thick. 
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