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(57) ABSTRACT 
The present invention provides a laminate comprising an 
insulating layer having suppressed dusting properties, an 
insulating ?lm comprising the insulating layer, and an 
electronic circuit component comprising a pattern of the 
insulating layer. The laminate has a layer construction of 
?rst inorganic material layer-insulating layer-second inor 
ganic material layer or a layer construction of inorganic 
material layer-insulating layer. The insulating layer com 
prises a laminate of tWo or more Wet etchable insulating unit 
layers. At the interface betWeen the inorganic material layer 
and the insulating layer, surface irregularities of the inor 
ganic material layer have been transferred onto the surface 
of the insulating layer. The average height of the surface 
irregularities transferred onto the insulating layer is less than 
the thickness of the outermost insulating unit layer in the 
insulating layer. 
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WET ETCHABLE LAMINATED BODY, 
INSULATION FILM, AND ELECTRONIC CIRCUIT 
PART USING THE LAMINATED BODY AND THE 

FILM 

TECHNICAL FIELD 

[0001] The present invention relates to a laminate Which 
has a layer construction of ?rst inorganic material layer 
(mainly metal layer)-insulating layer-second inorganic 
material layer (mainly metal layer) or a layer construction of 
inorganic material layer (mainly metal layer)-insulating 
layer and has high suitability for Wet etching of a plurality 
of resin layers constituting the insulating layer in the lami 
nate. The present invention also relates to an insulating ?lm 
and an electronic circuit component, for example, a Wiring 
board such as a ?exible printed board, a semiconductor 
related component such as CPS, a device such as a noZZle of 
a toner jet printer, particularly a suspension for a hard disk 
drive, produced by Wet etching the laminate. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, rapid development of semiconduc 
tor technology has led to rapid progress of a reduction in siZe 
of semiconductor packages, the adoption of multipin, the 
adoption of ?ne pitch, the minimiZation of electronic com 
ponents and the like. That is, the semiconductor ?eld has 
entered the so-called “age of high density packaging.” This 
tendency has affected printed Wiring boards, and the shifting 
of the Wiring of the printed Wiring boards from single side 
Wiring to double side Wiring, and, in addition, the adoption 
of a multilayer structure and a thickness reduction have been 
advanced (IWata and HaraZono, “Denshi Zairyo (Electronic 
Material),” 35 (10), 53 (1996)). 
[0003] Pattern formation methods used in the formation of 
such Wiring and circuits include: a method Which comprises 
etching a metal layer, provided on a substrate in a layer 
construction of metal layer-insulating layer-metal layer, With 
an acidic solution, such as a ferric chloride solution, to form 
Wirings, then subjecting the insulating layer to dry etching 
such as plasma etching or laser etching, or Wet etching such 
as etching With hydraZine, to remove the insulating layer to 
form a desired shape for layer-to-layer continuity purposes 
(Japanese Patent Laid-Open No. 164084/1994), and con 
necting the Wirings to each other, for example, through 
plating or electrically conductive paste; and a method (Pro 
ceedings of the 7th Symposium of Japan Institute of Elec 
tronics Packaging, issued in 1999) Which comprises provid 
ing an insulating layer in a desired form using a 
photosensitive polyimide (Japanese Patent Laid-Open 
No.168441/1992) or the like and then plating gaps to form 
Wiring. 
[0004] A tendency toWard doWnsiZing of electric products 
in recent years has led to a reduction in thickness of each 
layer constituting metal layer-polymeric insulator layer, and 
these layers each are in many cases used in a thickness of not 
more than 100 pm. When Wiring has been formed of such 
thin layer, a Warpage disadvantageously takes place in 
Wiring due to a difference in coefficient of thermal expansion 
betWeen the metal layer and the polymeric insulator layer. 

[0005] When the thermal properties of the insulating layer 
and the conductor layer are knoWn, the Warpage o of this 
substrate can be calculated according to the folloWing equa 
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tion (Miyaaki and Miki, NITTO TECHNICAL REPORT, 35 
(3), 1 (1997)). 

All/AT 

[0006] Wherein 

[0007] E1: modulus of the metal, 

[0008] E2: modulus of the insulating layer, 

[0009] AOL: difference in coefficient of thermal expan 
sion betWeen the metal and the insulating layer, 

[0010] AT: temperature difference, 

[0011] h: layer thickness, and 

[0012] 
[0013] According to this equation, (1) a method Wherein 
the modulus of the insulating layer is reduced, and (2) a 
method Wherein the difference in coef?cient of thermal 
expansion betWeen the insulating layer and the metal Wiring 
layer is reduced, are considered effective for reducing the 
Warpage of Wiring. 

1: Wiring length. 

[0014] Regarding the Wiring formation method, in the 
laminate used in the method for the formation of Wiring 
through etching of a metal layer in the laminate having layer 
construction of ?rst metal layer-insulating layer-second 
metal layer, in order to reduce the Warpage of the laminate, 
the coefficient of thermal expansion of the metal layer 
should be made identical to that of the insulating layer. To 
meet this requirement, the use of a loW-expansion polyimide 
as the insulating layer of the laminate has been proposed 
(US. Pat. No. 4,543,295 and Japanese Patent Laid-Open 
Nos. 18426/1980 and 25267/1977). 

[0015] Since, hoWever, the loW-expansion polyimide is 
not generally thermoplastic, the adhesion to metal layers is 
so loW that it is dif?cult to provide adhesive strength high 
enough to Withstand practical use. A knoWn method for 
overcoming this problem is to use a thermoplastic polyimide 
resin or epoxy resin having good adhesion to the metal layer 
as an adhesive insulating layer betWeen the metal layer and 
the insulating layer (core layer) of the loW-expansion poly 
imide (Japanese Patent Laid-Open No. 58428/1995). 

[0016] Since the thermoplastic resin generally has a high 
coef?cient of thermal expansion, the lamination onto a metal 
is causative of the Warpage. To overcome this draWback, the 
thickness of the loW-expansion core insulating layer having 
a coef?cient of thermal expansion close to that of the metal 
is made larger than the thickness of the adhesive layer to 
avoid the appearance of Warpage of the Whole laminate on 
the surface of the laminate. . The smaller the thickness of the 
adhesive insulating layer, the better the Warpage preventive 
effect. When the thickness of the adhesive insulating layer is 
excessively small, hoWever, the adhesion is deteriorated. At 
least When the total thickness of the adhesive layers respec 
tively overlying and underlying the core layer is not more 
than the half of the thickness of the core layer, the Warpage 
is less likely to occur. For this reason, for commercially 
available laminates fabricated for electronic circuit compo 
nents, in many cases, the total thickness of adhesive insu 
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lating layers is not more than the half of the thickness of the 
core insulating layer. The formation of the adhesive insu 
lating layer in a smallest possible thickness, Which can 
ensure the adhesion, is regarded as ideal (Japanese Patent 
Laid-Open No. 245587/1989). 

[0017] At the present time, rapid eXpansion of production 
of personal computers has led to increased production of 
hard disk drives incorporated in the personal computers. A 
component, in the hard disk drive, called a “suspension,” 
Which supports a head for reading magnetism, is being 
shifted in its main products from one, Wherein copper Wiring 
is connected to a stainless steel plate spring, to one called a 
“Wireless suspension” comprising copper Wiring Which has 
been connected directly to a stainless steel plate spring, from 
the vieWpoint of coping With the siZe reduction. 

[0018] The Wireless suspension is mainly prepared using a 
laminate having a layer construction of ?rst metal layer 
adhesive insulating layer-core insulating layer-adhesive 
insulating layer-second metal layer. An eXample of the 
laminate is such that the ?rst metal layer is formed of a 
copper alloy foil, the second metal layer is formed of a 
stainless steel foil, and the insulating layer is comprised of 
a core insulating layer and an adhesive insulating layer 
stacked on both sides of the core insulating layer. AWireless 
suspension using the laminate is scanned on a disk being 
rotated at a high speed and thus is a member to Which ?ne 
vibration is applied. Therefore, the adhesive strength of 
Wiring is very important. Accordingly, the Wireless suspen 
sion using the laminate should satisfy strict speci?cations. 

[0019] Hard disk drives are devices for recording infor 
mation thereon. Therefore, a high level of data read/Write 
reliability is required. To meet this requirement, the amount 
of refuse, such as dust, and outgas produced from the 
Wireless suspension should be minimiZed. 

[0020] A component called the “Wireless suspension” is 
produced mainly by tWo methods, an additive method 
Wherein Wiring is formed by plating, and a subtractive 
method Wherein Wiring is formed by etching a copper foil. 
In the case of the subtractive method, only plasma etching 
by dry process is used for patterning of polyimide as the 
insulating layer. 

[0021] Apolyimide resin has been used as the adhesive for 
bonding betWeen the insulating layer and the conductive 
inorganic material layer (metal layer) in the electronic 
circuit component, Which satis?es the above strict speci? 
cations from the vieWpoint of ensuring a high level of 
reliability of insulation. In order to impart adhesive proper 
ties to the polyimide resin, it is common practice to impart 
thermoplasticity. The introduction of a ?eXible structure, 
Which can impart thermoplasticity, into a polyimide struc 
ture, hoWever, in many cases enhances chemical resistance. 
Therefore, the polyimide resin, to Which the adhesive prop 
erties have been imparted, is likely to have poor suitability 
for Wet etching and is more dif?cult to be etched by Wet 
process than the core insulating layer. For this reason, the 
insulating layers have been simultaneously etched by dry 
process using plasma or laser. 

[0022] In the dry process, in general, sheet-by-sheet treat 
ment is carried out. Therefore, the productivity is poor, and 
the apparatus is eXpensive. This disadvantageously leads to 
very high production cost. On the other hand, in the Wet 

May 20, 2004 

process, since a continuous object can be continuously 
etched, advantageously, the productivity is high and the 
apparatus cost is loW. In Wireless suspensions, hoWever, the 
core insulating layer can be easily etched, While the adhesive 
insulating layer is dif?cult to be etched. Therefore, the 
adhesive insulating layer is left in a projected form (this 
phenomenon Will be described later With reference to FIG. 
9), and this poses a problem that a desired sharp etching 
shape cannot be provided and uneven etching occurs. The 
uneven etching is one of the causes of dusting during the use 
of Wireless suspension. For this reason, in the laminate for 
Wireless suspensions Which should satisfy strict speci?ca 
tions, at the present time, the Wet process cannot be put to 
practical use. 

[0023] In the course of more detailed studies on the 
accuracy of the etching shape and the stability of the etched 
pattern in Wet etching of the insulating layer, hoWever, the 
present inventors have noticed that, in order to eliminate the 
above draWbacks, the conventional technique, that is, bring 
ing the thickness of the adhesive insulating layer to the 
minimum layer thickness, Which can keep the contemplated 
adhesion, is not an ideal one. The present inventors have 
found and aimed at the fact that, When the insulating layer 
in the laminate has been patterned by etching, irregularities 
(concaves and conveXes) formed by the transfer of the shape 
of surface irregularities of the conductive inorganic material 
layer (metal layer) onto the adhesive insulating layer in the 
insulating layer affect the etching shape of the polyimide. 

[0024] For eXample, a generally adopted process for pro 
ducing electronic circuit components such as hard disk 
suspensions and ?eXible printed boards is as folloWs. An 
insulating layer is thermocompression bonded to and inte 
grated With a conductive inorganic material (metal or the 
like) sheet to prepare a laminate. Alternatively, an insulating 
layer may be formed by coating on a conductive inorganic 
material (metal or the like) sheet to prepare a laminate. The 
laminate is then etched to produce the electronic circuit 
component. Various methods have been proposed for 
improving the interfacial adhesion of the laminate. Among 
them, a method, Which is very effective and is generally 
used, is to utiliZe anchor effect. In this method, ?ne irregu 
larities are formed on the surface of the conductive inorganic 
material layer. By virtue of the formation of the irregulari 
ties, at the time of compression bonding or coating, the 
insulating layer bites into the irregularities to develop the 
adhesion betWeen the conductive inorganic material layer 
and the insulating layer. The transfer of irregularities of the 
conductive inorganic material layer onto the insulating layer 
can be con?rmed by removing the conductive inorganic 
material layer in the laminate by etching or the like. 

[0025] From the microscopic vieWpoint, the formation of 
the irregularities in the insulating layer means that the 
thickness of the insulating layer varies from portion to 
portion. In the laminate used in the electronic circuit com 
ponent, in general, the adhesive insulating layer formed on 
the surface of the insulating layer has in many cases a loWer 
Wet etching rate than the loW-eXpansion core insulating 
layer. When the thickness of the adhesive insulating layer is 
identical to that of the core insulating layer, the time 
necessary for etching the adhesive insulating layer is in 
many cases longer than that necessary for etching the core 
insulating layer. In this case, When the thickness of the 
adhesive insulating layer is uneven, the shape of the end face 
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of the adhesive insulating layer becomes complicated. As a 
result, the end face of the adhesive insulating layer is 
dropped, and this is causative of the occurrence of refuse. 
Further, after the adhesive insulating layer in its smaller 
thickness portion is removed, the core insulating layer only 
in its portion corresponding to the smaller thickness portion 
of the adhesive insulating layer is etched in an earlier stage 
than the other portion. As a result, the Whole insulating layer 
cannot be evenly etched, and the etching shape is unstable. 

[0026] When the thickness of the adhesive insulating layer 
is smaller than the average height of surface irregularities of 
the inorganic material layer in contact With the adhesive 
insulating layer, the irregularities of the inorganic material 
layer eXtend through some portions of the adhesive insulat 
ing layer and, consequently, disadvantageously, the adhesive 
insulating layer is partially absent. As in the above case, 
When the insulating layer in the laminate is etched, the 
etching shape of the insulating layer is uneven. 

[0027] FIG. 1 is a How diagram of the production of a 
laminate for an electronic circuit component, for eXample, 
by pressing, shoWn for comparison With the present inven 
tion, Wherein a laminate is produced based on common 
knoWledge of the conventional technique Wherein the adhe 
sive resin layer in the insulating layer is made as thin as 
possible. Speci?cally, in the production process shoWn in 
FIG. 1 (typical diagram), an insulating layer comprising a 
core insulating layer 1, an adhesive insulating layer 2 
provided on one side of the core insulating layer 1 and an 
adhesive insulating layer 3 provided on the other side of the 
core insulating layer 1 is sandWiched betWeen a ?rst inor 
ganic material layer 4 and a second inorganic material layer 
5 (FIG. 1 (1)), the assembly is pressed to produce a 
comparative laminate (FIG. 1 (2)), and the second inorganic 
material layer 5 is removed by etching (FIG. 1 The 
laminate shoWn in FIG. 1 is an eXample of the case Where 
the thickness of the adhesive insulating layer 3 in the 
insulating layer is equal to the average height of the surface 
irregularities of the second inorganic material layer 5. 

[0028] FIG. 2 is a typical diagram shoWing the laminate, 
shoWn in FIG. 1 (3) With the second inorganic material layer 
5 being removed by etching, masked by coating a part of the 
adhesive insulating layer 3 With a masking agent 6, Wherein 
FIG. 2A is a cross-sectional vieW shoWing the layer con 
struction of the laminate and FIG. 2B a top vieW of the 
laminate. 

[0029] FIG. 3 is a schematic diagram illustrating an 
eXample of Wet etching of the laminate shoWn in FIG. 2, 
Wherein an etching process from the start of Wet etching of 
the laminate, Which has been partially masked With a mask 
ing agent 6, to the removal of the masking agent 6 to 
complete the etching is shoWn in the order of FIGS. 3A to 
3D. FIG. 3A shoWs such a state that, eXcept for the site 
masked With the masking agent 6, an etching liquid reaches 
the core insulating layer 1 and the core insulating layer 1 
begins to be attacked by the etching liquid. In many cases, 
since the etching rate of the core insulating layer 1 is higher 
than that of the adhesive insulating layer 3, the core insu 
lating layer 1 is rapidly attacked by the etching liquid. FIG. 
3B shoWs such a state that, eXcept for the site masked With 
the masking agent 6, the core insulating layer 1 has been 
substantially completely attacked by the etching liquid. FIG. 
3C shoWs such a state that, eXcept for the site masked With 
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the masking agent 6, the adhesive insulating layer 2 has been 
substantially completely attacked by the etching liquid. FIG. 
3D shoWs such a state that, after the completion of the Wet 
etching, the masking agent 6 has been removed. Thus, in the 
Wet etching, the difference in etching rate betWeen the 
insulating unit layers constituting the insulating layers 
greatly affects the etching shape and poses a problem that the 
boundary of the etching shape is not smooth. 

[0030] FIGS. 4A to 4D (FIG. 4) are top vieWs corre 
sponding to FIGS. 3A to 3D, respectively. 

[0031] As shoWn in FIGS. 3 and 4, When the laminate 
produced based on common knoWledge of the prior art 
technique, in Which the adhesive resin layer in the insulating 
layer is made as thin as possible, is applied to Wet etching, 
Wavy unevenness of the etching shape of the insulating layer 
occurs. 

[0032] The laminate for an electronic circuit component 
shoWn in FIGS. 1 to 4 is an eXample of the laminate in Which 
the adhesive insulating layer in the insulating layer having a 
thickness Which has hitherto been considered to be ideal for 
suppressing the occurrence of Warpage and has been deter 
mined by taking into consideration the adhesion to the metal 
layer. As described above, the surface irregularities of the 
inorganic material such as the metal in the laminate con 
tribute to an improvement in the adhesion of the inorganic 
material to the adhesive insulating layer. Since, hoWever, the 
irregularities bite into the adhesive insulating layer to such 
an eXtent that is equal to the thickness of the adhesive 
insulating layer, When etching is carried out in this state, the 
etching shape after the removal of the masking agent is Wavy 
(FIG. 4D). That is, a desired shape conforming to the mask 
cannot be provided, and the etching shape of the Whole 
insulating layer is uneven. Thus, the accuracy is unreliable. 
The problem of the uneven complicated etching shape is 
likely to be led to dusting. 

[0033] Accordingly, an object of the present invention is to 
provide a laminate comprising an insulating layer, Which can 
realiZe an improvement in the shape of a patterned insulating 
layer, formed by patterning the insulating layer through Wet 
etching, achieved by draWing attention to the state of irregu 
larities transferred from the surface of the metal layer and, 
at the same time, is stable in the etching shape of the 
insulating layer and thus can suppress dusting, to provide an 
insulating ?lm comprising the insulating layer, and to pro 
vide an electronic circuit component comprising a pattern of 
the insulating layer. 

DISCLOSURE OF THE INVENTION 

[0034] As a result of eXtensive and intensive studies, the 
present inventors have found that, in a laminate comprising: 
an insulating layer comprising a core insulating layer and an 
adhesive insulating layer provided on both surfaces of the 
core insulating layer; and an inorganic material layer formed 
of a metal or the like stacked on the insulating layer, When 
the shape of surface irregularities of the inorganic material 
layer has been transferred onto the adhesive insulating layer 
in the insulating layer and the thickness of the adhesive 
insulating layer is larger than the average height of the 
surface irregularities of the inorganic material layer, Wet 
etching of the insulating layer can provide a good etching 
shape. The present inventors have further found that, When 
the thickness of the adhesive insulating layer is larger, the 
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degree of in?uence of the surface irregularities of the 
inorganic material layer on the etching shape of the insu 
lating layer is smaller. 

[0035] Accordingly, the present inventors have attempted 
to prevent the formation of through-holes in the adhesive 
insulating layer by making the thickness of the adhesive 
insulating layer larger than the average height of surface 
irregularities of the inorganic material layer and thus to 
prevent the core insulating layer from being eXposed and, as 
a result, could have realiZed a laminate that comprises an 
adhesive insulating layer having a larger thickness than the 
mean roughness RZ (JIS (Japanese Industrial Standards) C 
6515) of the surface of an inorganic material layer in contact 
With the insulating layer and, upon Wet etching, can provide 
a good etching shape and has suppressed dusting properties. 

[0036] Speci?cally, the laminate of the present invention 
has a layer construction of ?rst inorganic material layer 
insulating layer-second inorganic material layer or a layer 
construction of inorganic material layer-insulating layer, 
characteriZed in that the insulating layer comprises a lami 
nate of tWo or more Wet etchable insulating unit layers and, 
at the interface betWeen the inorganic material layer and the 
insulating layer, surface irregularities of the inorganic mate 
rial layer have been transferred onto the insulating layer, and 
the average height of the irregularities transferred onto at 
least one layer in the insulating layer is less than the 
thickness of the outermost insulating unit layer in the 
insulating layer. 

[0037] The insulating ?lm of the present invention is 
characteriZed by comprising a laminate of tWo or more Wet 
etchable insulating unit layers, said insulating ?lm being 
adaptable for stacking on an inorganic material layer, said 
inorganic material layer having surface irregularities of 
Which the average height is less than the thickness of the 
outermost insulating unit layer in the insulating layer. 

[0038] In the laminate or the insulating ?lm according to 
the present invention, preferably, the thickness of the adhe 
sive insulating layer is 1.1 to 3 times RZ. Further, the 
thickness of the adhesive insulating layer is preferably not 
more than the half of the thickness of the loW-eXpansion core 
insulating layer from the vieWpoint of reducing the Warpage 
of the substrate and preventing dusting. 

[0039] R2 referred to in the present invention is as speci 
?ed in JISC 6515. R2 may be measured by providing a 
pro?le curve of irregularities and determining the difference 
betWeen the average value of the distances of ?ve highest 
pro?le peaks from a reference line in a reference length and 
the average value of the distances of ?ve deepest pro?le 
valleys from the reference line in a reference length and 
expressing this difference in micrometer 

[0040] The electronic circuit component according to the 
present invention is an electronic circuit component pro 
duced by Wet etching the laminate, particularly preferably a 
suspension for a hard disk drive, produced by Wet etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a How diagram of an eXample of the 
production of a laminate for an electronic circuit component 
by pressing, shoWn for comparison With the present inven 
tion, Wherein a laminate is produced based on common 
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knoWledge of the conventional technique Wherein the adhe 
sive resin layer in the insulating layer is made as thin as 
possible; 
[0042] FIGS. 2A and 2B are typical diagrams shoWing 
the laminate, shoWn in FIG. 1 (3) With the second inorganic 
material layer being removed by etching, masked by coating 
a part of the adhesive insulating layer With a masking agent, 
Wherein FIG. 2A is a cross-sectional vieW shoWing the layer 
construction of the laminate and FIG. 2B a top vieW of the 
laminate; 
[0043] FIGS. 3A, 3B, 3C, and 3D are cross-sectional 
vieWs illustrating Wet etching Wherein an etching process 
from the start of Wet etching of the laminate shoWn in FIG. 
2, Which has been partially masked With a masking agent, to 
the removal of the masking agent to complete the etching is 
shoWn in the order of FIGS. 3A to 3D; 

[0044] FIGS. 4A, 4B, 4C, and 4D are top vieWs corre 
sponding to FIGS. 3A to 3D, respectively; 

[0045] FIG. 5 is a schematic ?oW diagram of an embodi 
ment of a production process of the laminate according to 
the present invention Wherein the laminate is produced by 
pressing; 
[0046] FIGS. 6A and 6B are typical diagrams shoWing 
the laminate, shoWn in FIG. 5 (3) With the second inorganic 
material layer being removed by etching, masked by coating 
a part of the adhesive insulating layer With a masking agent, 
Wherein FIG. 6A is a cross-sectional vieW shoWing the layer 
construction of the laminate and FIG. 6B a top vieW of the 

laminate; 

[0047] FIGS. 7A, 7B, 7C, and 7D are diagrams illustrat 
ing Wet etching Wherein an etching process from the start of 
Wet etching of the laminate shoWn in FIG. 6, Which has been 
partially masked With a masking agent, to the removal of the 
masking agent to complete the etching is shoWn in the order 
of FIGS. 7A to 7D; 

[0048] FIGS. 8A, 8B, 8C, and 8D are top vieWs corre 
sponding to FIGS. 7A to 7D, respectively; 

[0049] FIG. 9 is a schematic cross-sectional vieW shoWing 
an eXample of etching of a laminate, illustrating an unfa 
vorable phenomenon Wherein, When the etching rate of the 
adhesive insulating layer is excessively loW, the etching 
shape is such that the upper adhesive insulating layer and the 
loWer adhesive insulating layer are left in a projected form; 

[0050] FIG. 10 is an SEM photograph (scanning electron 
photomicrograph) of sample A; and 

[0051] FIG. 11 is an SEM photograph (scanning electron 
photomicrograph) of sample B. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0052] The present invention Will be described in more 
detail. 

[0053] FIG. 5 is a typical schematic ?oW diagram of an 
embodiment of a production process of a laminate according 
to the present invention, Wherein the laminate is produced by 
pressing. In FIG. 5, an insulating layer comprising a core 
insulating layer 11, an adhesive insulating layer 12 provided 
on one side of the core insulating layer 11 and an adhesive 
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insulating layer 13 provided on the other side of the core 
insulating layer 11 is sandwiched betWeen a ?rst inorganic 
material layer 14 and a second inorganic material layer 15 
(FIG. 5 (1)), the assembly is pressed to produce a laminate 
according to the present invention (FIG. 5 (2)), and the 
second inorganic material layer 15 is removed by etching 
(FIG. 5 The thickness of the adhesive insulating layer 
13 shoWn in FIG. 5 is larger than the average height of 
surface irregularities of the second inorganic material layer 
15. 

[0054] FIG. 6 is a typical diagram shoWing the laminate, 
shoWn in FIG. 5 (3) With the second inorganic material layer 
15 being removed by etching, masked by coating a part of 
the adhesive insulating layer 13 With a masking agent 16, 
Wherein FIG. 6A is a cross-sectional vieW shoWing the layer 
construction of the laminate and FIG. 6B a top vieW of the 
laminate. 

[0055] FIG. 7 is a schematic diagram illustrating Wet 
etching of the laminate shoWn in FIG. 6, Wherein an etching 
process from the start of Wet etching of the laminate, Which 
has been partially masked With a masking agent 16, to the 
removal of the masking agent 16 to complete the etching is 
shoWn in the order of FIGS. 7A to 7D. FIG. 7A shoWs such 
a state that, except for the site masked With the masking 
agent 16, the adhesive insulating layer 13 is being attacked 
by an etching liquid. Since the thickness of the adhesive 
insulating layer 13 is larger than the average height of 
surface irregularities of the second inorganic material layer 
15, upon attack by the etching liquid, as compared With the 
case Where the thickness of the adhesive insulating layer 13 
is smaller, surface irregularities of the adhesive insulating 
layer 13 are gentle. FIG. 7B shoWs such a state that, except 
for the site masked With the masking agent 16, the core 
insulating layer 11 has been substantially completely 
attacked by the etching liquid. Irregularities formed by the 
residual core insulating layer 11 are also very gentle, indi 
cating that the in?uence of gentle irregularities of the 
adhesive insulating layer 13 in FIG. 7A is further reduced. 
FIG. 7C shoWs such a state that, except for the site masked 
With the masking agent 16, the adhesive insulating layer 12 
has been completely attacked by the etching liquid. An 
etching pattern of the insulating layer thus formed is linear 
and is substantially free from Wavy uneven or other irregular 
shapes. FIG. 7D shoWs such a state that, after the comple 
tion of the Wet etching, the masking agent 16 has been 
removed. 

[0056] FIGS. 8A to 8D (FIG. 8) are top vieWs corre 
sponding to FIGS. 7A to 7D, respectively. 

[0057] In the insulating layer according to the present 
invention, the thickness of the adhesive insulating layer 13 
is larger than the average height of surface irregularities of 
the second inorganic material layer 15. By virtue of this 
construction, as shoWn in FIGS. 7 and 8, the formation of 
Wavy uneven etching shape can be suppressed in the etching 
pattern of the insulating layer Which is ?nally formed by Wet 
etching, and the boundary of the pattern shape is smooth. 
The present invention is characteriZed in that problems 
inherently posed in Wet etching, Which affects etching shape 
due to a large in?uence of a difference in etching rate, can 
be reduced. 

[0058] The insulating layer in the laminate or the insulat 
ing ?lm according to the present invention comprises tWo or 
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more insulating unit layers stacked on top of each other or 
one another and preferably has a layer construction of 
adhesive insulating layer-core insulating layer-adhesive 
insulating layer. The insulating unit layers constituting the 
insulating layer or the insulating ?lm are generally formed 
of an organic material. HoWever, at least one of the insu 
lating unit layers constituting the insulating layer or the 
insulating ?lm may contain an inorganic material. Inorganic 
materials usable herein include, for example, colloidal silica, 
glass ?ber, and other inorganic ?llers. 

[0059] The coef?cient of linear thermal expansion of at 
least one of the insulating unit layers constituting the insu 
lating layer or the insulating ?lm is preferably not more than 
30 ppm from the vieWpoint of rendering the coefficient of 
linear thermal expansion close to that of the inorganic 
material layer. More preferably, the difference in coef?cient 
of linear thermal expansion betWeen at least one of the 
insulating unit layers constituting the insulating layer or the 
insulating ?lm and the inorganic material layer is not more 
than 15 ppm. The core insulating layer is particularly 
preferably formed of a material, Which has the same coef 
?cient of thermal expansion as the inorganic material layer, 
for example, a loW-expansion polyimide from the vieWpoint 
of preventing the Warpage of the laminate. 

[0060] On the other hand, the adhesive insulating layer is 
mainly formed of a thermoplastic resin from the vieWpoint 
of imparting adhesive properties. In this case, the coef?cient 
of thermal expansion of the adhesive insulating layer is 
larger than that of the metal layer, and this large coef?cient 
of thermal expansion of the adhesive insulating layer is 
causative of Warpage of the laminate. Therefore, preferably, 
the Warpage is prevented by rendering the thickness of the 
adhesive insulating layer smaller than the thickness of the 
core insulating layer. In the insulating layer or the insulating 
?lm according to the present invention, the expression 
“adhesion of the adhesive insulating layer” means that the 
strength of adhesion to the inorganic material layer is not 
less than 100 g/cm. Thermoplastic polyimides may be 
mentioned as speci?c suitable materials having the above 
property. HoWever, materials having the above property are 
not particularly limited to the thermoplastic polyimides only, 
and any resin may be used independently of the presence or 
absence of an imide bond so far as the resin has a combi 
nation of adhesive properties, heat resistance, and insulating 
properties. Since the adhesive strength of the adhesive 
insulating layer developed sometimes varies depending 
upon the relationship With the adhesion to the inorganic 
material layer as the adherend, the optimal material should 
be properly selected according to the type of the adherend or 
according to properties required of the laminate. Therefore, 
it is not alWays necessary to use an identical material, for 
example, polyimide resins having an identical composition. 
In some cases, hoWever, an identical material is used. 

[0061] In the case of a construction Wherein the core 
insulating layer is sandWiched betWeen tWo adhesive insu 
lating layers, Warpage of the laminate does not occur When 
the total thickness of the tWo adhesive insulating layers is 
smaller than the thickness of the core insulating layer. 
Ideally, the total thickness of the tWo adhesive insulating 
layers is not more than the half of the thickness of the core 
insulating layer. Therefore, the thickness of one adhesive 
insulating layer is preferably not more than a quarter of the 
thickness of the core insulating layer. 
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[0062] In the present invention, the Weight average 
molecular Weight of the resin usable in the adhesive insu 
lating layer is generally preferably not less than 6,000 and 
not more than 500,000 although the preferred molecular 
Weight varies depending upon the molecular structure. The 
Weight average molecular Weight is particularly preferably 
not less than 8,000 and not more than 100,000. When the 
molecular Weight is not less than 500,000, the formation of 
an even coating is dif?cult, While, When the molecular 
Weight is not more than 6,000, the ?lm formability is poor 
making it dif?cult to form an even adhesive coating. 

[0063] The material for the adhesive insulating layer may 
be shaped by coating a solution of the material, or alterna 
tively may be shaped by other methods. Further, the material 
may be shaped in the form of a precursor or a derivative 
thereof folloWed by treatment to provide a desired structure. 

[0064] The inorganic material used in the laminate accord 
ing to the present invention broadly refers to materials Which 
are not organic materials. Examples of inorganic materials 
include, but are not particularly limited to, metals, single 
crystal silicon, and metal oxides. Metals include, but are not 
particularly limited to, copper, iron, and alloys such as 
stainless steel. Further, metals subjected to surface treat 
ment, that is, metals having on their surface a nonmetallic 
inorganic material layer, for example, a ceramic layer, may 
also be used. In particular, When the laminate according to 
the present invention is used in a suspension for a hard disk 
drive, since spring properties are required, a laminate of a 
highly elastic metal, such as stainless steel, and a copper foil 
or an alloy copper foil for Wiring is preferred. 

[0065] Examples of a combination of a material for the 
?rst inorganic material layer With a material for the second 
inorganic material layer include: 

[0066] (a) a combination Wherein both the ?rst inor 
ganic material layer and the second inorganic mate 
rial layer are formed of copper or surface treated 
copper; 

[0067] (b) a combination Wherein both the ?rst inor 
ganic material layer and the second inorganic mate 
rial layer are formed of alloy copper or surface 
treated alloy copper; 

[0068] (c) a combination Wherein both the ?rst inor 
ganic material layer and the second inorganic mate 
rial layer are formed of stainless steel or surface 
treated stainless steel; 

[0069] (d) a combination Wherein any one of the ?rst 
inorganic material layer and the second inorganic 
material layer is formed of stainless steel or surface 
treated stainless steel While the other is formed of 
copper or surface treated copper; and 

[0070] (e) a combination Wherein any one of the ?rst 
inorganic material layer and the second inorganic 
material layer is formed of stainless steel or surface 
treated stainless steel While the other is formed of 
alloy copper or surface treated alloy copper. 

[0071] In the Wet etching of the insulating layer in the 
laminate according to the present invention, hoWever, the 
type of the inorganic material is not particularly limited, and 
any inorganic material may be stacked on the insulating 
layer so far as the inorganic material meets the objective of 
the present invention. 
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[0072] The laminate according to the present invention 
may be produced by any method Without particular limita 
tion so far as the ?nal layer construction of the laminate is 
the same. Examples of production methods include: a 
method (cast method) Wherein a solution of a material for 
the insulating layer is coated directly onto the surface of the 
inorganic material to form one or more stacked layers as the 
insulating layer, another inorganic material is optionally 
laminated, and the assembly is then thermocompression 
bonded; a method (?lm method) Wherein an adhesive insu 
lating layer is formed on a previously provided insulating 
?lm (core insulating layer), an inorganic material is stacked 
and thermocompression bonded onto the top surface and the 
back surface of the adhesive insulating layer; and a method 
Wherein, after the formation of an adhesive insulating layer 
onto an insulating ?lm as a core layer, an inorganic material 
layer is formed by vapor deposition, sputtering, plating or 
the like. 

[0073] The loWer limit of the mean roughness R2 of the 
inorganic material on its surface, Which, together With the 
insulating layer, forms an interface, is preferably 0.2 pm 
from the vieWpoint of developing adhesion. The upper limit 
of R2 is preferably 15 pm because, When RZ exceeds 15 pm, 
the formation of a ?ne pattern is dif?cult. An inorganic 
material having R2 in the range of 0.5 to 10 pm is easily 
available as a general-purpose commercially available metal 
foil and thus is particularly preferred from the practical point 
of vieW. 

[0074] The insulating layer in the insulating ?lm accord 
ing to the present invention may take the form of a coating 
of a resin, or alternatively may take the form of a resin ?lm. 
The insulating ?lm according to the present invention may 
be Wet etched after lamination onto an inorganic material 
layer to form a laminate, or alternatively may be Wet etched 
before the lamination. Speci?c embodiments of use of the 
insulating ?lm according to the present invention are as 
folloWs. 

[0075] (a) An inorganic material layer as a substrate 
With Wiring formed therein is adhered to both sides 
of an insulating ?lm, and the insulating ?lm is then 
Wet etched. 

[0076] (b) After Wiring is formed on a substrate of an 
inorganic material layer, an insulating ?lm is 
adhered. Thereafter, an inorganic material layer is 
applied onto the surface of the insulating ?lm, and 
the inorganic material layer and the insulating ?lm 
are Wet etched. 

[0077] (c) A previously Wet etched insulating ?lm is 
applied onto an inorganic material layer. 

[0078] In etching of the laminate by a Wet process, When 
the insulating unit layers constituting the insulating layer are 
different from each other in etching rate, the etching shape 
is not generally linear. In this case, the layer having a loWer 
etching rate remains unetched. As shoWn in FIG. 9, in the 
laminate, When the etching rate of the adhesive insulating 
layer is excessively loW, the etching shape is such that the 
upper adhesive insulating layer and the loWer adhesive 
insulating layer are left in a projected form. On the other 
hand, When the etching rate of the adhesive insulating layer 
is excessively high, the etching shape is such that the 
adhesive insulating layer is etched at an earlier stage than the 
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core insulating layer. As a result, the etching shape is such 
that the center portion in the insulating layer is left in a 
projected forrn. Ideally, all the layers, i.e., the core insulating 
layer and the adhesive insulating layers, constituting the 
insulating layer have an identical etching rate. In this case, 
the realiZation of a sharp etching shape is expected. In 
etching by a Wet process, hoWever, in many cases, the 
etching rate of the adhesive insulating layer is signi?cantly 
different from the etching rate of the core insulating layer. 

[0079] When the etching rates of the layers constituting 
the insulating layer fall Within a predetermined range, even 
in the Wet process, the etching of the Whole insulating layer 
proceeds evenly and, consequently, a good etching shape 
can be provided. This makes it possible to apply Wet etching 
to even a laminate for Wireless suspensions for Which 
rneeting strict speci?cation has hither to been required. 
Therefore, as compared With dry etching, the etching can be 
completed in a shorter time, leading to improved produc 
tivity. 
[0080] For example, in the case of Wet etching of a 
polyirnide, for example, an alkali-arnine etching liquid as 
disclosed in Japanese Patent Laid-Open No. 97081/1998 
may be mentioned as a suitable etching liquid. The etching 
liquid, hoWever, is not particularly limited to this only. 
Speci?cally, the etching liquid is preferably an aqueous 
alkaline solution and is more preferably a basic chernical 
liquid having a pH value of not less than 9, still more 
preferably not less than 11. Further, the etching liquid may 
be an organic alkali or an inorganic alkali or a mixture of an 
organic alkali With an inorganic alkali. 

[0081] The temperature, at Which Wet etching is carried 
out, is not particularly limited so far as the etchant can 
exhibit the desired function. In particular, When the etchant 
is an aqueous solution, the etching temperature is preferably 
in the range of 0 to 110° C. When the temperature is loW, the 
etching rate is generally loW. Further, When the temperature 
is high, the Working ef?ciency is not good due to the 
occurrence of boiling or the like. For this reason, more 
preferably, the etching temperature is in the range of 30 to 
90° C. Still more preferably, Wet etching is carried out at a 
temperature in the range of 50 to 90° C. from the vieWpoints 
of suppressing a change in composition of the etchant due to 
the evaporation of components or the like and, in addition, 
shortening the etching tirne. 

Electronic Circuit Cornponent 

[0082] An electronic circuit component can be generally 
produced by the following method. 

[0083] At the outset, a photosensitive resin layer is formed 
by coating or larnination onto the surface of the metal on its 
circuit forrnation side in the laminate according to the 
present invention. A mask with a desired pattern irnage 
draWn thereon is brought into intimate contact With the 
surface of the photosensitive resin layer, and an electromag 
netic radiation With a Wavelength, to Which the photosensi 
tive resin is sensitive, is applied. The exposed portion in the 
case of a positive-Working photosensitive resin or the unex 
posed portion in the case of a negative-Working photosen 
sitive resin is eluted With a predetermined developing solu 
tion to form a desired circuit image on the metal. The 
assembly in this stage is dipped in a solution, Which can 
dissolve a metal, such as an aqueous ferric chloride solution, 
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or alternatively the solution is sprayed on the substrate, 
Whereby the exposed metal is eluted. Thereafter, the photo 
sensitive resin is separated With a predetermined separation 
solution to form a circuit. 

[0084] Next, likeWise, a mask With a desired pattern irnage 
draWn thereon is brought into intimate contact With the 
circuit formed on the surface of the metal, and the insulating 
layer is patterned by a dry or Wet process. 

[0085] Electronic circuit components, to Which the larni 
nate according to the present invention can be applied, 
include, for example, Wiring boards such as ?exible printed 
boards, serniconductor-related components such as CSP 
(chip scale package), and devices such as noZZles of toner jet 
printers, particularly suspensions for hard disk drives. 

[0086] For both a suspension, which comprises an inor 
ganic material layer formed of stainless steel and has been 
prepared by a plasma etching process, and a suspension, 
Which is the same as the above suspension except for the use 
of Wet etching instead of the plasma etching process in the 
preparation thereof, the surface of the stainless steel Was 
analyZed. As a result, it Was con?rrned that, for the suspen 
sion prepared by the plasma etching process, the resin used 
in the insulating layer was removed and the exposed metal 
surface Was reacted with plasma to convert the metal surface 
to form a surface of an inorganic nitride and/or an inorganic 
?uoride. In the case of the plasma etching process, the 
reason Why the inorganic nitride and/or the inorganic ?uo 
ride are detected on the metal surface is probably that, since 
the plasma etching gas has a high temperature of 200° C. or 
above, after the removal of the resin constituting the insu 
lating layer, such as a polyirnide, the surface of the stainless 
steel is exposed and the exposed surface of the stainless steel 
is reacted with plasma to form the inorganic nitride and/or 
the inorganic ?uoride. 

[0087] On the other hand, for the suspension Which real 
iZed a good etching shape by the Wet etching process, neither 
inorganic nitride nor inorganic ?uoride Was detected from 
the surface of the stainless steel exposed as a result of the 
removal of the polyirnide. That is, it Was con?rrned that any 
surface change did not occur. This is a feature inherent in 
electronic circuit components, such as suspensions, Which 
the present invention has realiZed for the ?rst time by a Wet 
etching process. In the Wet etching process, the reason Why 
any change in metal surface does not occur is believed to be 
as folloWs. An alkaline solution, Which is a chemical solu 
tion mainly used in the Wet etching, is generally loWer in 
reactivity With a metal than in reactivity With an organic 
material. Further, the treatment temperature is loW and is 
100° C. or beloW, and the treatment time is short and is a few 
minutes. By virtue of these facts, it is considered that the 
surface of the stainless steel exposed after the removal of the 
polyirnide is less likely to be changed. 

EXAMPLES 

[0088] Synthesis examples of three polyirnide resins used 
in the following examples Will be described. 

Synthesis Example 1 

Synthesis of Nontherrnoplastic Polyirnide Resin 

[0089] Diarnino cornpounds, i.e., 4,4‘-diarnino-2‘-rneth 
oxybenZanilide (20.5 g) and 4,4‘-diarninodiphenyl ether 
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(10.6 g), Were dissolved in 340 g of DMAc as a solvent With 
stirring in a 500-ml separable ?ask to prepare a solution. 
Next, the solution Was cooled in an ice bath, and 28.8 g of 
pyromellitic anhydride as a tetracarboxylic acid dianhydride 
Was added to the cooled solution under a nitrogen gas 
stream. Thereafter, the temperature of the solution Was 
returned to room temperature, and stirring Was continued for 
3 hr to alloW a polymeriZation reaction to proceed to prepare 
viscous polyimide precursor solution A. 

[0090] This polyimide precursor solution A Was coated 
onto a stainless steel foil SUS 304 manufactured by Nippon 
Steel Corp. by means of an applicator so that the thickness 
of the coating after curing Was 15 pm. The coating Was dried 
at 110° C. for 5 min, and the dried coating Was then heat 
treated stepWise, i.e., at 130° C. for 3 min, at 160° C. for 3 
min, at 200° C. for 3 min, at 250° C. for 3 min, at 300° C. 
for 3 min, and then at 360° C. for 3 min, to form a polyimide 
layer on the stainless steel foil. Next, for an etching test, the 
polyimide layer With the stainless steel foil remaining unre 
moved Was immersed in a polyimide etching solution (TPE 
3000 (tradename), manufactured by Toray Engineering Co., 
Ltd.) of 80° C. As a result, the polyimide layer Was etched 
at a rate of 15 pm/min. 

Synthesis Example 2 

Synthesis of Thermoplastic Polyimide Resin 

[0091] Diamino compounds, i.e., 1,3-bis(4-aminophe 
noxy)-2,2‘-dimethylpropane (22.1 g) and 3,4‘-diaminodiphe 
nyl ether (6.6 g), Were dissolved in 340 g of DMAc as a 
solvent With stirring in a 500-ml separable ?ask to prepare 
a solution. Next, 9.7 g of pyromellitic anhydride as a 
tetracarboxylic acid dianhydride and 21.5 g of 3,4,3‘,4‘ 
benZophenonetetracarboxylic acid dianhydride Were added 
to the solution under a nitrogen gas stream. Thereafter, 
stirring Was continued for 3 hr to alloW a polymeriZation 
reaction to proceed to prepare viscous polyimide precursor 
solution B. 

[0092] This polyimide precursor solution B Was coated 
onto a stainless steel foil SUS 304 manufactured by Nippon 
Steel Corp. by means of an applicator so that the thickness 
of the coating after curing Was 15 pm. The coating Was dried 
at 110° C. for 5 min, and the dried coating Was then heat 
treated stepWise, i.e., at 130° C. for 3 min, at 160° C. for 3 
min, at 200° C. for 3 min, at 250° C. for 3 min, at 300° C. 
for 3 min, and then at 360° C. for 3 min, to form a polyimide 
layer on the stainless steel foil. The polyimide layer thus 
formed Was subjected to an etching test in the same manner 
as in Synthesis Example 1. As a result, the etching rate of the 
polyimide layer Was found to be 8 pm/min. 

Synthesis Example 3 

Synthesis of Thermoplastic Polyimide Resin 

[0093] Diamino compounds, i.e., 1,3-bis(3-aminophe 
noxy)benZene (22.6 g) and p-phenylenediamine (3.6 g) Were 
dissolved in 340 g of DMAc as a solvent With stirring in a 
500-ml separable ?ask to prepare a solution. Next, 9.7 g of 
pyromellitic anhydride as a tetracarboxylic acid dianhydride 
and 24.1 g of 3,4,3‘,4‘-diphenylsulfonetetracarboxylic acid 
dianhydride Were added to the solution under a nitrogen gas 
stream. Thereafter, stirring Was continued for 3 hr to alloW 
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a polymeriZation reaction to proceed to prepare viscous 
polyimide precursor solution C. 

[0094] This polyimide precursor solution C Was coated 
onto a stainless steel foil SUS 304 manufactured by Nippon 
Steel Corp. by means of an applicator so that the thickness 
of the coating after curing Was 15 pm. The coating Was dried 
at 110° C. for 5 min, and the dried coating Was then heat 
treated stepWise, i.e., at 130° C. for 3 min, at 160° C. for 3 
min, at 200° C. for 3 min, at 250° C. for 3 min, at 300° C. 
for 3 min, and then at 360° C. for 3 min, to form a polyimide 
layer on the stainless steel foil. The polyimide layer thus 
formed Was subjected to an etching test in the same manner 
as in Synthesis Example 1. As a result, the etching rate of the 
polyimide layer Was found to be 14 pm/min. 

Formation of Laminate and Evaluation of Shape of 
Etching Pattern 

[0095] Thermoplastic polyimide precursor resin solution 
B prepared in Synthesis Example 2 Was coated onto a 
stainless steel foil SUS 304 manufactured by Nippon Steel 
Corp. by means of an applicator so that the thickness of the 
coating after curing Was 1 pm. The coating Was dried at 110° 
C. for 5 min. LoW-thermal expansion polyimide precursor 
resin solution A prepared in Synthesis Example 1 Was then 
coated onto the dried coating so that the thickness of the 
coating after curing Was 14 pm. The coating Was dried at 
110° C. for 5 min to prepare a ?lm formed material. The 
above procedure Was repeated to prepare another ?lm 
formed material. Thus, tWo ?lm formed materials Were 
provided. Thermoplastic polyimide precursor resin solution 
C prepared in Synthesis Example 3 Was coated to a thickness 
of 1.5 pm onto one of the ?lm formed materials and to a 
thickness of 3 pm onto the other ?lm formed material. These 
materials Were then dried at 110° C. for 5 min. Thereafter, 
the materials Were heat treated stepWise, i.e., at 130° C. for 
3 min, at 160° C. for 3 min, at 200° C. for 3 min, at 250° C. 
for 3 min, at 300° C. for 3 min, and then at 360° C. for 3 min. 
Thus, tWo materials Were prepared in Which a polyimide 
having a three-layer structure of thermoplastic polyimide 
layer B, loW-expansion polyimide layer A, and nonthermo 
plastic polyimide layer C Were formed on the stainless steel 
foil. The tWo materials Were different from each other in the 
thickness of the nonthermoplastic polyimide layer C. A 
copper alloy (C 7025 copper alloy, manufactured by Olin 
Corp.), Which had a roughened surface having a mean 
roughness R2 of 1.6 pm, Was provided and Was put on top 
of the materials so that the rough surface Was brought into 
contact With the thermoplastic polyimide layer C on the 
stainless steel foil. Contact bonding Was then carried out by 
means of a vacuum press at 330° C. for 60 min. Thus, tWo 
laminates Were prepared. These laminates had the same 
layer construction, i.e., a layer construction of stainless steel 
foil/thermoplastic polyimide layer B/nonthermoplastic poly 
imide layer A/thermoplastic polyimide layer C/copper alloy 
foil and Were different from each other in thickness of the 
thermoplastic polyimide layer C (1.5 pm for one of the 
laminates and 3 pm for the other laminate). 

[0096] A mask Was provided on the SUS side of the 
laminate, and the masked laminate Was immersed in a ferric 
chloride solution to etch the copper foil. A50 pm-thick alkali 
development-type dry ?lm resist Was laminated by a hot 
laminator onto the exposed surface of the thermoplastic 
polyimide layer C at a speed of 6.5 m/min under conditions 
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of roll surface temperature 150° C. and line pressure 2 to 4 
kg/cm, and the laminate Was then allowed to stand at room 
temperature for 15 min. Thereafter, exposure Was carried out 
using a predetermined mask by means of an intimate contact 
exposure system at 100 mJ/cm2. After standing at room 
temperature for 15 min, the dry ?lm resist Was developed 
With a 1 Wt % aqueous NaZCO3 solution under conditions of 
temperature 30° C., spray pressure 2 kg, and development 
time 40 sec. Thereafter, the laminate Was dried and Was then 
immersed in an etching liquid TPE-3000 (tradename, manu 
factured by Toray Engineering Co., Ltd.) Which had been 
stirred at 70° C. With a magnetic stirrer to such an extent that 
a Whirlpool had been formed. At the time When the poly 
imide ?lm had been fully removed in the form of the mask, 
the laminate Was taken out of the etching liquid, and the dry 
?lm resist Was separated With a 3 Wt % aqueous NaOH 
solution at 50° C. at a spray pressure of 1 kg. 

[0097] The insulating layer, Which has been brought to a 
desired shape, Was observed under SEM to inspect the 
etching shape. A scanning electron microphotograph of 
sample A at a magni?cation of 1,000 times is shoWn in FIG. 
10. A scanning electron microphotograph of sample B at a 
magni?cation of 1,000 times is shoWn in FIG. 11. 

[0098] As can be seen from the scanning electron micro 
photographs shoWn in FIGS. 10 and 11, although the 
scanning electron microphotographs are not someWhat clear, 
for sample A, sites, Where the roughened surface of the 
copper foil had extended through the adhesive layer, Were 
observed, and this caused the end face to be projected in a 
ridge form in places. Further, the end face of the upper part 
of the insulating layer Was serrate and Was partially lost. This 
is possibly causative of contamination of the surface of the 
disk. On the other hand, for sample B, the in?uence of the 
roughened surface of the copper foil Was small, the level of 
projection in a ridge form Was also small, and the shape of 
the end face of the upper part Was also smooth. 

[0099] The above results shoW that a very good etching 
shape can be realiZed by rendering the thickness of the 
adhesive insulating layer larger than the average height of 
irregularities, of the roughened surface of the inorganic 
material layer, Which Would be transferred onto the adhesive 
insulating layer. 

Evaluation of Dusting 

[0100] Previously ?ltered distilled Water (hereinafter 
referred to as “blank”) , fully cleaned beakers, and tWeeZers 
Were provided. 

[0101] Each sample (four patterns) used in the evaluation 
of the pattern shape Was placed in the beaker, and a given 
amount of the blank Was poured into the beaker. The beaker 
Was then placed Within an ultrasonic irradiation system, and 
ultrasonic Wave Was applied for one min (extraction). After 
the application of ultrasonic Wave, the beaker Was taken out 
of the system, and the sample Was taken out With the 
tWeeZers. After taking the sample out of the beaker, a given 
amount of the extract Was set in a measuring apparatus 
equipped With an automatic ?ne particle measuring device 
for a liquid manufactured by HIAC/ROYCO, a suction-type 
semi-automatic sampling device, and a laser diode light 
blocking-type sensor to measure the amount of particles. To 
determine a blank value, the same measurement as described 
above Was carried out except that the sample Was not placed. 
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The measuring apparatus Was cleaned for each measure 
ment. The blank value Was subtracted from the measured 
value to determine the measured value of the sample. The 
measurement Was carried out ?ve times per sample, and the 
average of the ?ve values Was regarded as the ?nal measured 
value. The results of the evaluation of samples A and B are 
shoWn in Table 1 beloW. The amount of particles in each 
sample column is the average of four patterns. 

TABLE 1 

Particle diameter, Sample A, number of Sample B, number of 
,urn particles particles 

0.5 ,urn 63127 30669 
1.0 ,urn 488 402 
2.0 ,urn 205 195 
3.0 [um 74 55 
5.0 [um 34 23 

10.0 ,um 14 9 
15.0 [urn 7 2 
25.0 [urn 3 1 

[0102] As is apparent from Table 1, as compared With 
sample A comprising a thermoplastic polyimide having a 
thickness equal to RZ=1.5 pm of the copper foil, sample B 
comprising a thermoplastic polyimide having a larger thick 
ness had a loWer level of dusting. 

[0103] In the laminate and the insulating ?lm according to 
the present invention, When the average height of irregu 
larities of an insulating layer as a result of transfer of surface 
irregularities of an inorganic material onto the insulating 
layer in an insulating ?lm is rendered smaller than the 
thickness of the outermost insulating unit layer in the 
insulating layer, the etching shape after Wet etching of the 
laminate and the insulating ?lm is good and a highly reliable 
electronic circuit component, particularly a suspension, 
Which causes no signi?cant dusting, can be prepared. 

[0104] In particular, in the case of a suspension for a hard 
disk drive, the area of the insulating layer to be removed by 
etching is large and, at the same time, a ?ne pattern is 
required. Therefore, the effect attained by the application of 
the Wet etching is large. The laminate and the insulating ?lm 
according to the present invention have enhanced Wet etch 
ing reliability and thus are suitable for suspensions for hard 
disk drives. 

1. Alaminate having a layer construction of ?rst inorganic 
material layer-insulating layer-second inorganic material 
layer or a layer construction of inorganic material layer 
insulating layer, 

said insulating layer comprising a laminate of tWo or more 
Wet etchable insulating unit layers, 

at the interface betWeen at least one of the inorganic 
material layers and the insulating layer, surface irregu 
larities of the inorganic material layer having been 
transferred onto the surface of the insulating layer, 

the average height of the surface irregularities transferred 
onto the insulating layer being less than the thickness of 
the outermost insulating unit layer in the insulating 
layer. 

2. The laminate according to claim 1, Wherein, When the 
average height of pro?le irregularities is expressed in terms 
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of mean roughness RZ speci?ed in 115 (Japanese Industrial 
Standards) C 6515, the thickness of the insulating unit layer 
is 1.1 to 3 times R2. 

3. The laminate according to claim 2, Wherein the mean 
roughness R2 of the surface of the inorganic material layer 
is 0.2 to 15 urn. 

4. The laminate according to claim 1, Wherein the insu 
lating layer has a layer construction of adhesive insulating 
layer-core insulating layer-adhesive insulating layer. 

5. The laminate according to claim 1, Wherein all the 
insulating unit layers constituting the insulating layer con 
tain an organic material. 

6. The laminate according to claim 1, Wherein at least one 
of the insulating unit layers constituting the insulating layer 
is formed of an organic material With an inorganic rnaterial 
incorporated therein. 

7. The laminate according to claim 1, Wherein at least one 
of the insulating unit layers constituting the insulating layer 
has a coef?cient of linear thermal expansion of not more 
than 30 ppm. 

8. The laminate according to claim 1, Wherein the differ 
ence in coef?cient of linear thermal expansion betWeen at 
least one of the insulating unit layers constituting the insu 
lating layer and the inorganic material layer is not more than 
15 ppm. 

9. The laminate according to claim 1, Wherein at least one 
of the insulating unit layers constituting the insulating layer 
is formed of a polyirnide resin. 

10. The laminate according to claim 4, Wherein, in the 
insulating layer having a layer construction of adhesive 
insulating layer-core insulating layer-adhesive insulating 
layer, the tWo adhesive insulating layers, Which sandWich 
the core insulating layer therebetWeen, are each formed of a 
polyirnide resin, and the polyirnide resin constituting one of 
the adhesive insulating layers is identical to the polyirnide 
resin constituting the other adhesive insulating layer in 
composition. 

11. The laminate according to claim 4, Wherein, in the 
insulating layer having a layer construction of adhesive 
insulating layer-core insulating layer-adhesive insulating 
layer, the tWo adhesive insulating layers, Which sandWich 
the core insulating layer therebetWeen, are each formed of a 
polyirnide resin, and the polyirnide resin constituting one of 
the adhesive insulating layers is different from the polyirnide 
resin constituting the other adhesive insulating layer in 
composition. 

12. The laminate according to claim 1, Wherein the 
insulating layer is etchable With an alkaline etching liquid 
having a pH value of 7 or greater. 

13. The laminate according to claim 1, Wherein the 
inorganic rnaterial constituting the inorganic material layer 
is selected from copper, alloy copper, stainless steel, surface 
treated copper, surface treated alloy copper, and surface 
treated stainless steel. 
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14. The laminate according to claim 1, Wherein both the 
?rst inorganic material layer and the second inorganic mate 
rial layer are formed of copper or surface treated copper. 

15. The laminate according to claim 1, Wherein both the 
?rst inorganic material layer and the second inorganic mate 
rial layer are formed of alloy copper or surface treated alloy 
copper. 

16. The laminate according to claim 1, Wherein both the 
?rst inorganic material layer and the second inorganic mate 
rial layer are formed of stainless steel or surface treated 
stainless steel. 

17. The laminate according to claim 1, Wherein any one 
of the ?rst inorganic material layer and the second inorganic 
material layer is formed of stainless steel or surface treated 
stainless steel and the other inorganic material layer is 
formed of copper or surface treated copper. 

18. The laminate according to claim 1, Wherein any one 
of the ?rst inorganic material layer and the second inorganic 
material layer is formed of stainless steel or surface treated 
stainless steel and the other inorganic material layer is 
formed of alloy copper or surface treated alloy copper. 

19. An electronic circuit cornponent produced by Wet 
etching the insulating layer in the laminate according to any 
one of claims 1 to 18. 

20. A suspension for a hard disk drive, produced by Wet 
etching the insulating layer in the laminate according to any 
one of claims 1 to 18. 

21. An insulating ?lrn comprising a laminate of tWo or 
more Wet etchable insulating unit layers, 

said insulating ?lrn being adaptable for stacking on an 
inorganic material layer, 

said inorganic material layer having surface irregularities 
of Which the average height is less than the thickness of 
the outermost insulating unit layer in the insulating 
layer. 

22. The insulating ?lrn according to claim 21, Wherein at 
least one of the insulating unit layers constituting the insu 
lating ?lrn is formed of a polyirnide resin. 

23. The insulating ?lrn according to claim 21, Wherein all 
the insulating unit layers constituting the insulating ?lrn are 
formed of a polyirnide resin. 

24. The insulating ?lrn according to claim 22, Wherein the 
insulating ?lrn has a layer construction of adhesive polyirn 
ide layer-core polyirnide layer-adhesive polyirnide layer. 

25. The insulating ?lrn according to claim 21, Wherein at 
least one of the insulating unit layers constituting the insu 
lating ?lrn is formed of a loW-eXpansion polyirnide having 
a coef?cient of linear thermal eXpansion of not more than 30 
ppm 

26. The insulating ?lrn according to claim 21, Wherein the 
insulating ?lrn is etchable With an alkaline etching liquid 
having a pH value of 7 or greater. 

* * * * * 


