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DENKI KAGAKU KOGYO KABUSHIKI KAISHA

x * CIRCUIT SUBSTRATE FOR MOUNTING A SEMICONDUCTOR ELEMENT

k1 ' The present invention relates to a circuit substrate

for mounting a semiconductor element used for electric

k- 5
% devices, communicating devices and automobiles. More
E; particularly, the present invention relates to a highly
. reliable circuit substrate for mounting a semiconductor
?j élement having an improved bonding strength between a
10 metallic foil for forming a circuit and an insulating

‘layer; a high resistance to voltage, and excellent wire
-bonding property.

There have been used a copper foil, a nickel-plated
tcopper foil and an aluminum-copper clad foil as an
~ielectric conductive foil used for a circuit substrate for

rmounting a semiconductor element which is used mainly for
telectric devices, communication devices and automobiles.
;iﬂ recent years, these foils have been used in various
felds, and there are demands of circuit substrates

capable of high density packaging, and having a high
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BBSTRATE FOR MOUNTI NG A SEM CONDUCTOR. ELEMENT,...  The pr.esent

2 relates to a circuit substrate for“founting a“sem conductor "
et used for electric devices, comrunicating devices and aut’onobil es.
 particularly, the present invention relates to a highly reliable
Uit substrate for nounting a sem cordi’t-or el ement having an inproved
i ng strength between a netallic foil for formng a circuit and an

bl ating |ayers . ge.highiLeahabapespbey9! bagea 18n¢ | iy e

li ng proper%@ita&e T ére haveBgegn u!éq-a copper ??%%,bgaﬁﬁc el - pl ated
jer foil and, e AtyMaAYbEEPRALng! AghOkk18ab0ity. For instance,

U.S. Patent No. 4,521,476 discloses a process for
preparing a hybrid integrated circuit substrate having a

circuit which is formed of an aluminum-copper clad foil

5
laminated on a metallic base plate through an insulating
layer. Japanese Examined Patent Publication No.
15153/1989 discloses a circuit substrate in which an
aluminum-copper bonding foil is used. Further, Japanese
30 Unexamined Patent Publication No. 108347/1991 disclose a

wire bonding method using an aluminum wire and a gold
wire. However, the conventional techniques do not
satisfy the demands described above. For instance, when
a conventional circuit substrate has been used for a

15 | power module to which a large current or a high voltage
has been applied, the bonding strength (peel strength)
between the circuit formed of an aluminum-copper clad

foil and the insulating layer and the voltage-

} withstanding characteristic have not been sufficient, and

20 accordingly, reliability has been low. - Further, there
has been a problem that the bonding strength between the
circuit and electronic devices such as semiconductors at
connecting portions formed by wire bonding an aluminum
wire or a gold wire has been insufficient and unstable,

25 and therefore, reliability has been insufficient.

It is an object of the present invention to provide a

circuit substrate for mounting a semiconductor element
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#ric conductive foil used for a circuit. substrate far. mounting a
ki conductor el enent which is used mainly for electric-devices, .-
nmuni cati on devi ces and autonpbiles. |In recent years, ‘these folls have
pen_used in various fields, and there are demands of circuit substrates
pabl e of high density packaging, and having a high
- vol tage resi stance property, excellent mﬁre bondi ng property and
ovi.di ng highh&%&h%bgla ¥geF%onBQ%%ag rength between a circuit of an
aluminum-copper clad foil and an insulating layer, an
improved voltage breakdown strength characteristic and
reliable strength of wire bonding. The inventors of this
5 application have studied on the roughness of the surface
in contact with the insulating layer of the aluminum-
copper clad foil, the roughness of the surface of the
foil in contact with a bonding wire and the quality of an
aluminum foil, which are factors influencing the above-
10 mentioned characteristics, and have achieved the present
invention by finding a circuit substrate of high
reliability.
Namely, in accordance with the present invention,
there is provided a circuit substrate for mounting a
15 semiconductor element having an aluminum-copper clad foil
laminated on a metallic base plate by interposing an

insulating layer, characterized in that the roughness in

average of the surface in contact with the insulating

layer of the aluminum-copper clad foil is in a range of
.20 from 0.5 gm to 50 gm.

In the present invention, the aluminum-copper clad
foil is such one that a copper foil is forﬁed on an
aluminum foil by electrolytic plating, or the clad foil
is prepared by a rolling method. The aluminum foil is

25 made of pure aluminum including more than 99.0% by weight
of aluminum or made of an aluminum alloy.

The roughness in average of the surface opposing the
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=Patent No. 4,521,476 discloses a process for preparing a hybrid
-0rated circuit substrate having a circuit which is-fornmed of "an
ai@@m num copper clad foil | ami nated on a:netallic .base.plate through an

| {@ul ating | ayer. Japanese Exam ned Patent Publication No. 15153/ 1989
ctoses a circuit substrate in which an al um num copper bonding foil is
d: Further, Japanese Unexani ned Pateft "Publ i cati on No. 108347/ 1991
close a wre bonding nethod using an alum numwi re and a gold Wre.
iever, the ceuvBaceohal cortantquéthdbhaoinsuldatioby aremdefartde descri bed
jve. For instance, when a conventional circuit substrate has been ‘used
A aluminum-copper clad foil is 10 gm or lower.

Furthér, in accordance with the present invention, )
there is provided a power module in which a semiconductor
5 element is mounted'on a circuit substrate comprising an
- aluminum-copper clad foil whose roughness in average of
the surface in contact.with the insulating layer is in a
range of from 0.5 zm to 50 ;m, the semiconductor element
and a circuit formed in the circuit element are connected
10 by wire bonding and arranged in a package such as a
plastic material, and are sealed with an insulating
material such as silicone resin.

In drawings:

Figure 1 is an enlarged cross—sectional view of an

15 embodiment of the circuit substrate comprising an
aluminum-copper clad foil in which an aluminum foil is
formed at the top surface;

Figure 2 is an enlarged cross—sectional view of
another embodiment of the circuit substrate comprising an

20 aluminum-copper clad foil in which a copper foil is
formed at the top surface;

Figure 3 is an enlarged cross—éectional.view of an
embodiment of the circuit.substrate on which an electric
conductive circuit is formed and a semiconductor element

25 is mounted;
Figure 4 is a graph showing relations between voltage

breakdown strength and roughness in average of surfaces
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gondi ng strength (peel strength)  between. the circuit forned.of an
T num copper clad foil and the insulating |ayer and” the vol t'age-
fhst andi ng characteristic have not been sufficient, and accordingly,
i ability has been low. Further, there- Shas been a problemthat the
di'ng strength between the circuit and el ectronic devices such as

i conduct or s; at egtikng rii feQr i PRRG I num
y il con€aRREHE LRI tRR ?h@ﬂiathﬁgql%%mlj%’ 1 dﬂ?lﬁzc%b im

e or a gold wire has been insufficient a ore,

i ability hag; hgeroifgufficient. It is an object of the present
ention to provide a circuit substrate for nounting a sem conduct or
gent Figure 5 is a graph showing relations between peel

strength and roughness in average of surfaces in contact
5 with the insulating layer of aluminum-copper clad foils;
Figure 6 is an enlarged cross-sectional view showing

a wire bonded portion of the aluminum-copper clad foil
(an aluminum layer at the top) of the present invention;
Figuie 7 is an enlarged cross—-sectional view showing

10 a wire bonded portion of the aluminum-copper clad foil

(copper foil at the top) of the present invention; and

Figure 8 is an enlarged cross—sectional view showing
an embodiment of the power module according to the
present invention.

15 In the following, preferred embodiments of the
circuit substrate for mounting a semiconductor element
will be described in more detail with reference to the
dréwings;

In description, the roughness in average of the

20 surface is expressed by Rz which is defined in JIS
(Japanese Industrial Standard) -B0601.

Figure 1 is an enlarged cross-sectionai view of an
embodiment of the circuit. substrate of'the present

invention. In Figure 1, an aluminum-—copper clad foil 3

25 is laminated on a metallic base plate 1 by interposing an
insulating layer 2 with an aluminum foil 5 being formed

at the uppermost layer, wherein the aluminum-copper clad
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w*a | arge bonding strength between a circuit of. an  al um num copper
=toi | and an insulating layer, an |nproved voltage breakdomh’@lrength '
jacteristic and reliable strength of wite bonding..The inventors.of.
application have studied on the roughness of the surface in contact
W the insulating | ayer of the alum nung <€opper clad foil, the roughness
-8 he surface of the

foil 3 has a roughness 4 in average of the surface in

contact with the insulating layer.

In Figure 2, an aluminum-copper clad foil 3 is formed

on the base plate 1 Sy interposing the insulating layer

5 with a copper foil 6 disposing at the uppermost layer,
wherein the clad foil has a roughness 4 in average at the
surface in contact with the insulating layer.

Figure 3 is an enlarged cross-sectional view showing
an embodiment of the circuit substrate for mounting a

10 semiconductor element wherein a semiconductor element and
other electric devices are mounted on it. Figures 4 and
5 respectively show relations among the voltage breakdown
strength, the peel strength and the roughness Rz in
average of the surfaces in contact with the insulating

15 layer of the aluminum—copper clad foils.

As a metallic base blate 1 used for the circuit
substrate of the present invention, aluminum, aluminum
alloy, copper, copper alloy, iron, stainless steel and so
on having good thermal conductivity can be used. A

20 metallic base plate 1 having a thickness in a range of
0.5 mm~3.0 mm is generally used, but it is not limited
thereto. .

The insulating iayer 2 used for the present invention

‘may be an insulating layer of high molecular resin which
25 may contain ceramics or inorganic filler, a high
molecular resin layer containing glass fibers or a heat-

resisting an insulating layer of high molecular resin.

i
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Nanely, in accordance with the present invention,

circuit substrate for nmountifg.a sem conductor
| am nated on a netallic base plate by

el enent

th

Eoughness in
of the

place. Generally, an insulating layer having a thickness

of 20 um or more is used. As inorganic powder used for

the insulating layer 2, alumina, silica, beryllia, boron

nitride, magnesia, silicon nitride, aluminum nitrigde,

silicon carbide or the like may be used. As the high

molecular resin, epoxy resin, phenol resin, polyimide

resin and various kinds of engineering plastics may be

used.

As the material of aluminum of the aluminum—copper

clad foil 3 used for the present invention, pure aluminum

and aluminum alloy used for an extensible material of

r]m

aluminum alloy in the JIS Rule (Aluminum Handbook, edited-

by Shadan Hojin Keikinzoku Kyokai, The 4th Edition, 1990,

p.15, Table 2.1) can be used. The major elements

incorporated in the aluminum alloy are Cu, Mn, Si, Mg and

so on. There can be used alloy which comprises at least

6ne-selected from the group consisting of an allby

containing Cu of 0.30-7.0% by weight, an alloy containing

Mn of 0.1-2.0% by weight, an alloy containing Si of 2.0-

15% by weight and an alloy containing Mg of 0.5-6.0% by

weight.

Since the hardness of pure aluminum is soft and the

extension property is high, it deforms at the time of

wire bonding and there causes sinking of the wire used.

When an aluminum alloy foil is used, an amount of sinking
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P present invention, the alum num copper .clad . foil.is such one that a
is formed on an alumnumfoil by.electrolytic plating, or the
is prepared by a rolling method. The alum numfoil 1s nade-of
b al um num i ncl udi ng nore than 99.0% by wei ght of al um num or nade of
it um num al | oy. The roughness ia gverage of the surface opposing

-4-
of the aluminum alloy foil is small. Accordingly, it is

possible to connect a lead wire under wide wire bonding
conditions (an output and a bonding time).

The aluminum—copper clad foil is prepared by a
plating method or a rolling method. In the case of
plating method, zinc, tin or nickel may be plated between
an aluminum layer and a copper layer in order to increase
the bonding strength between aluminum and copper. When
zinc or tin is subjected to substituting plating with a
thickness of 10 A-1 ;m as a substituting layer between
the aluminum layer and the copper layer, and then copper

plating is conducted at a thickness of about 5 (m-900 um,

.an excellent bonding force is obtainable between the

aluminum layer and the copper layer in comparison with a
technique that nickel plating is conducted between the
aluminum layer and the copper layer. Thus, a highly‘
reliable electric conductive circuit can be formed.

When the copper foil is formed by electrolytics
plating, the roughness of the surface of the copper layer
can be adjusted by adjusting the density of an electric
current supplied. For instance, an electrolytic copper
foil having an average roughness of 0.5 pm¥so pm can be
formed by feeding a current having a density of 4 a/dcm?
or lower. Further, an electrolytic copper foil having an
average roughness of 20 gm can be formed by supplying a
current having a density of 3 A/dcmz. Further, an

electrolytic copper foil having an average roughness of
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B+ contact with the insulating |ayer of the. alum num copper cl.ad
O [err]mor | ower. Further, ‘i'n accordance wit'h the .presént
gon, there is provided a power nodule in which a sem conductor °°
Pt is nmounted on a circuit substrate conprising an al um num copper
rfoi |l whose roughness in average of -~ ghe surface in contact wth the
fating layer is in a range of fromO.5 [err]mto 50 [err]m the

conduct or el enent and circuit formed in the ciycuit, el enept are
ored. by M P iy Sormdd i AR B tuErent Chav it s dendify
¥ ial, and aree zsggdecqnzwi th an insul ating material such as silicone

: _ | ¥ drafi’ngs:

When the aluminum-copper clad foil is prepared by a

rolling method, it is possible to obtain a clad foil

having a large thickness which is suitable for a large

5
current. Further, the rolling method provides a clad
foil having a high bonding strength at the interface and
durable to corrosion at the interface and a clad foil
comprising a copper foil of high purity. L
10 The thickness of the aluminum-copper clad foil 3 of

the present invention is not in particular limited. For
instance, the thickness of the clad foil is preferably in
a range of 35 ¢m-1,000 um for use for a large current.
On the other hand, the thickness of the clad foil is

15 desirably in a range of 9 um-70 m for use for a small
current. The thickness of the aluminum foil is
preferably in a range of 20 m-80 um for a large current
use. However, when a fine circuit having the width of
circuit 5f 200 zm or less ié to be prepared, the

20 thickness of the aluminum foil is preferably less than 10
pm and the thickness of the copper foil is preferably in
a range of 1 pm-100 zm. -

When the thickness of. the aluminum foil is more than

10 gm, accuracy in the width of a circuit is poor,

25 whereby it is difficult to forh a fine circuit because an
amount of side etching in an etching operation is large.

The roughness in average of the surface in contact

e ——
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gﬁfe 1 is an enlarged cross-sectional view of an..enbodi nent of. the
Tcui t -substrate conprising an alum num copper clad foil in which an

uni num f oi |
oss-sectional view of another enbodinent of the circuit substrate

bnpri sing an
the top surface; Figure 3 is an enlarged cross-sectional view of an

bodi ment of th bstrat which | ect d
Coui 1S T or KEERaRRE A BERREARACAaVoR Bedte AL UBIMEAEber Clad

is fornmed at the top surface; Figure 2 is an ‘enl arded

al um num copper clad foil g which a copper foil is formed

foil 3 used for the present invention is in a range of
0.5 um-50 zm. When the roughness in average is less than
0.5 um, the bonding strength to the insulating layer 2 is
small, and the aluminum~copper clad foil 3 is easily
peeled off. On the other hand, when the roughness
exceeds 50 zm, there occurs concentration of an electric
field at the top of projections of concave and recess
portions of the surface of the clad foil, and the voltage
breakdown characteristic is greatly reduced.

When the aluminum-copper clad foil is used for a
field which requires a high peel strength, it is
preferably that the roughness in average of the surface
in contact with the insulating layer of the aluminum-
copper clad foil 3 is in a range of 10 im-50 gm. On the
other hand, when it is used for a field requiring a high
voltage breakdown characteristic, it is preferable that
the roughness in average of the surface in contact with
the insulating layer of the clad foil is in a range of
0.5 gm-20 gm. In particular, it is preferable that the
roughness in a range of 0.5 um-10 gm in use for a high
voltage. On the other hand, when both peel strength and
voltage breakdown characteristics are required, it is
preferable that the roughness in average is in a range of
10 um-20 gm. The thickness of the surface of the clad
foil can be adjusted by controlling the density of an

electric current when the copper foil is formed by the

. This Sheet Has Been Replaced..




is a graph showi ng relations between voltage breakdomn,strength
and roJyghness in average of surfaces

-5- igfn contact with the insulating | ayer of alun1nun}copper . clad forls;
Figuref5 is a graph showi ng rel ati ons between peel ~ strength and roughness
i n avegage of surfaces in contact wth yhed nsul ating | ayer of

al um ngm copper clad foils; Figure 6 is an enlarged cross-sectiona

Vi ew spow ng electrolytic plating as described above. Further, the

Finge

roughness can be adjusted by mechanically polishing or
chemically polishing. In particular, the latter methods
are used for forming a roughened surface of the aluminum
5 foil because electrolytic plating is not used for the
aluminum foil.
A wire bonding portion of the aluminum-copper clad

foil in the circuit substrate for mounting a
semiconductor element of the present invention is

10 classified ihto two cases: the aluminum foil being placed
at the top surface (Figure 6) and the copper foil being
placed at the top surface (Figure 7). 1In either case,
the bonding portion is formed of a bonding wire and an
aluminum foil. However, there is no change in the

15 relation among the roughness in average of the surface in
contact with the insulating layer of the aluminum-copper
clad foil, the voltage breakdown characteristic and the

bonding strength. In this case, the roughness in average

of the surface of the aluminum foil is 10 gxm or less,

20 more preferably, 10 um-1 m. When the roughness exceeds
10 gm, a molten portion at the bonding portion of the
bonding wire can not completely £ill the uﬂeven surface
at the bonding portion of the aluminum foil, whereby
there takes place a non-melt portion. This may cause

25 failure of bonding and reliability on the bonding
decreases. On the other hand, when the roughness is less

than 1 um, the surface area of contact between the molten
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ad foil

‘re bonded portion of the al um num copper clad foi
“t he top) of the present invention; Figure 7 is an enl arged
f 0ss-sectional view show ng a wire bonded portion of the alun1nun}copper
(copper foil at the top) of the present invention; and
gure 8 is an enlarged cross- sectlonaL_vi§WLshomnng an enbodlnent of the

nodul e according to the present invention. I n the fol | ow ng,

10

15

eferred enbodi ments of the circuit substrate for mpuntin
m conduct or RPEHEPR °§m¢¢eb%06@569|ﬁé53|ﬂnﬁDFBedBPaﬂFnﬂn?ﬁeﬁepéréhée to

dr awi ngs.

aluminum foil is small. The penetration of the molten
portion into the bonding area of the aluminum foil is
insufficient and the bonding strength is small.
Accordingly, reliability is low.
EXAMPLE 1

Figure 3 is a cross-sectional view of a circuit
substrate for mounting a semiconductor element, on which

a semiconductor element and other electrical devices are

- mounted.

The circuit substrate was prepared by applying
silica-containing epoxy resin as an insulating layer 2 at
a thickness of 100 xm on an aluminum substrate as a
metallic base plate 1 having a thickness of 1.5 mm, and
by bonding an aluminum-copper clad foil 3 comprising 40
pm of an aluminum foil - 85 im of a copper foil so as to
place an aluminum foil 5 at the top surface. The clad
foil used was such one that the copper is formed on the
aluminum foil by electrolysis and the roughness in
average (Rz) of the surface in contact with the
insulating layer was 15 gm (measured by a surface
roughness tester "Surfcoder", manufactured by Kosaka
Kenkyusho).

Then, a resist was applied by a screen printing
method on the circuit substrate having the same
construction as in Figure 1 (the thickness of the

aluminum substrate: 1.5 mm, the thickness of insulating

(an al upmi num | ayer

“’ﬁﬁ'iiﬁ‘ti’ii:ﬁiﬂ":i‘ﬂiu )



ﬁscri ption, the roughness in average of the surface is expressed by Rz
1ich is defined in JIS (Japanese Industrial Standard) -B0601. . Fi gure

1'is an enlarged cross-sectional view of an enbodi ment of the circuit
substrate of the present invention. In Figure 1, an al um num copper clad
foil.3 is lamnated on a netallic base-phate 1 by interposing an

ijnsul ating layer 2 with an alumnumfoil 5 being forned at the uppernost

yer, wherei nlg}%rql lirHOm;xrrTn},COapn%erthcel %qlickness of the aluminum-copper

clad foil: 40 um-85 gm). Etching is conducted with

ferric chloride to the aluminum-copper clad foil 3 to
form a circuit. The resist was removed. A resist was
5 again applied to portions which reguire an aluminum pad.
An etching solution capable of selectively dissolving
aluminum such as an alkali etching solution was used to
remove unnecessary aluminum portions to expose copper
foil portions. After the resist was removed, a
10 semiconductor, a tip resistor and so on were mounted on
copper conductive portions 8 of the circuit by means of
solder 7, and the semiconductor element 11 and the
aluminum pad 9 were connected by a wire 10 as an aluminum
lead wire by using an ultrasonic vibration method.
15 EXAMPLE 2
Silica~containing epoxy resin as the insulating layer
2 was applied to each of metallic base plates 1 of"

aluminum of 1.5 mm thick at a thickness of 100 um.

Electrolytic clad foils comprising aluminum 40 gm—copper
85 pm and rolled clad foils 3 are respectively bonded to
the circuit substrates so as to place aluminum foils 5 at
the top surface. The voltage breakdown strength of the
samples were measured by using model TOS 8700 (Kikusui
Denshi Kogyo Kabushiki Kaisha) in accordance with JIS C-
2110. PFigure 4 shows the relation between the roughness
in average of the surface in contact with the insulating

layer of the clad foil and voltage breakdown strength.
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- foil 3 has a roughness 4 in average of the surface in contact with
=i nsul ating | ayer. In Figure 2, an alum numcopper clad foil 3 is
¥ ned on the base plate 1 by interposing the insulating |ayer with a
gpbper foil 6 disposing at the uppernost |ayer, wherein the clad foil has
agf oughness 4 in average at the surfaeeldn-contact with the insul ating
er . Figure 3 is an enlarged cross-sectional view showing an

ghodi ment of EhauerfCuit substrate for nounting a seniconductor el ement
gFrein a senicon uctor el ement and other electric devices are nounted on

Figures 4 and gjjjca-containing epoxy resin as the insulating layer
2 was coated at a thickness of 100 gm on each of metallic
base plates of the aluminum having a thickness of 1.5 mm.

5 Electrolytic clad foils comprising aluminum 40 gzm-copper
85 um and rolled clad foils 3 were respectively bonded on
the metallic base plates 1 so as to place aluminum foils
5 at the top surface to prepare samples of circuit
substrates. The peel strength was measured for each of

10 the samples by using Tensilon U-1160 (Toyo Boldwin
Kabushiki kaisha) in accprdance with JIS C-6481l. Figure
5 shows the relation of the roughness in average of the
surface in contact with the insulating layer of the clad
foils and the voltage breakdown strength.

15 EXAMPLE 4

The surface of the aluminum foils of the circuit

substrates.prepared in accordance with Example 3 was

polished by using a SiC buff roll (tradename, Ultrasuper)
manufactured by Kurenoton. The surface roughness of the
samples were measured in the same manner as in Example 1.
As a result, the roughness in average Rz was 9.2 um.
Then, semiconductor elements were mounted dn the samples
and wire bonding of 10,000 aluminum wires of 300 zm thick
was conducted by using an ultrasonic wire bonder (wire
bonder USW-5Z260S by Choonpa Kogyo Kaisha). As a result
of tests, there was found no failure of bonding.

Samples of circuit substrate in which the roughness

——

g




Spectively show rel ations anong the vol tage breakdown strength, the

W] strength and the roughness Rz in average of the surfaces in contact
*th the insulating |ayer of the al um num copper clad foils. As a
tallic base plate 1 used for the circuit substrate of the present
vention, alumnum alum num alloy, copper.. copper alloy, iron, stainless
eel and so on having good thermal conductivity can be used. A netallic

od, but 11 1 AMAvarANR B Ui GLuRLRun Rt SRGE WA o] e fised { or
e present inventions T8 &% Vb W Ld e s lnfi hy ol ecul ar resin
Semiconductor elements were mounted on the samples and
wire bonding of 10,000 gold wires of 25 gm thick was
5 conducted. As a result of testing, there were found 80
numbers of failure of wire bonding.
EXAMPLE 5
Circuit substrates of. Example 3 were prepared. A
transistor bare chip 11 was attached to the circuit
10 through a heat sink 12 by means of solder 7. Fufther, an
electrode terminal 13 was soldered, and then, the
transistor bare chip 11 was bonded to the bonding surface
9 of aluminum foil with an aluminum wire 10 of 300 um
thick by ultrasonic bonding. A plastic package was put
15 on the circuit substrate with an adhesive agent, and
silicone resin was used for sealing. Thus obtained

transistor power modules 15 were used as controlling

modules for inverter air conditioners by supplying power

of AC 200 V and 20 A. As a result, they were able to
withstand for a long term use without breakdown.

In accordance with the present invention, a circuit
substrate for mounting a semiconductor eleﬁent having a
high peel strength and/or a high voltage breakdown
characteristic can be obtained by specifying the surface
roughness of the surface in contact with the insulating
layer of the aluminum—copper clad foil. Further, such

circuit substrate having high reliability of wire bonding
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contain ceramics or inorganic filler, a high nolecular resin |ayer

it ai ni ng glass fibers or a heat- reS|stlng an insulating | ayer of high

| ecul ar resin. -7- The t hi ckness
the insulating layer 2 is not particularly limted unless failure of

sul ation takes place. Generally, an iyjgsulating |ayer having a thickness
20 [err]mor nore is used. As inorganic powder used for

can be obtained by specifying the surface roughness of
the surface opposing the insulating layer of thé
aluminum-copper clad foil. PFurther, a power module for a-
high voltage and a high current and operable for a long

5 time use can be obtained by using such circuit substrate

for mounting a semiconductor element.

»
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ﬁg nsul ating layer 2, alumna, silica, beryI lia, -boron nitride,

gnesia, silicon nitride, alum numnitride, siIiéﬁ“‘tarbide-eF—LheeLike
my be used. As the high nol ecul ar resin,” epoxy re resin,

pol yi m de resin and various kinds of engineering p !wﬁ m w uﬂused.
As the material of alum num of the al um.nyms copper for
t:he present invention, pure alumnum and alun1nun1alloy used for an

di t ed by Sh Kei ki hzoku Kyokai, The 4th Edition, 1990, p. 15,

aple 2.1) canabe yseth, dG MBL PAENTRS? mot #E258°% 2L &R EBnklIgEBEUM UM
oy are Cu,

element having an aluminum-copper clad foil laminated on
a metallic base plate by interposing an insulating layer,
5 characterized in that the roughness in average of the
surface in contact with the insulating layer of the
aluminum—~copper clad foil is in a range of from 0.5 im to
50 pm.
2. The circuit substrate according to Claim 1, wherein
10 the aluminum—-copper foil is prepared by electrolytic
plating a copper layer on an aluminum foil.
3. The circuit substrate according to Claim 1, wherein
the aluminum—copper clad foil is such one prepared by a
rolling method.
15 4. The circuit substrate according to Claim 1, wherein
the aluminum—-copper clad foil is composed of pure

aluminum of 99.0% by weight or higher.

5. The circuit substrate according to Claim 1, wherein

aluminum in the aluminum-copper clad foil is aluminum
alloy which comprises at least one selected from the
group consisting of an alloy containing Cﬁ of 0.30-7.0%
by weight, an alloy containing Mn of 0.1-2;0% by weight,
an alloy containing Si of 2.0-15% by weight and a alloy
containing Mg of 0.5-6.0% by weight.

6. The circuit substrate according to Claim 1, wherein
the roughness of the surface opposing the surface in

contact with the insulating layer of the aluminum-copper

—

This Sheet Has I
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exten5|ble natggkﬁbﬁgf alumnumalloy in the JI'S Rul e (Al um num Handbook,
jin
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. There can be used all oy which conprises at | east one sel ected from
Foup consisting of an all oy containing Cu of 0.30-7.0% by wei ght, an
-0y cont ai ni ng Wvh of 0.1-2.0% by weight, an alloy containing Si of 2.0-
o by wei ght and an alloy containing My of 0.5-6.0% by wei ght .

ggce. the hardness of pure aluminumis soff{gand the extension property is
gh, it deforns at the time of wre bonding and there causes sinking of

e Wi re used. n_an_alunm.numalloy foil is used, an anount of sinkin
cYgg fo?l is 1% pm or %ower. g

7. A circuit substrate for mounting a semiconductor
element having an aluminum-copper clad foil laminated on
a metallic base plate by interposing an insulating layer,
5 characterized in that the roughness in average of the
surface in contact with the insulating layer of the
aluminum—-copper clad foil is at least 0.5 um, but less
than 10 um.
8. A circuit substrate for mounting a semiconductor .

10 element having an aluminum copper clad foil laminated on
a metallic base plate through an insulating layer,
characterized in that the roughness in average of the
surface in contact with the insulating layer of the
aluminum-copper clad foil is in a range of from 10 zm -

15 20 um.

9. A power module comprising a circuit substrate for
mounting a semiéonductor element as claimed in Claim 1

and a semiconductor mounted on the circuit substrate,

wherein said circuit substrate and semiconductor are

connected by wire bonding, and all constituent elements

are arranged in a package.
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gof the alum numalloy foil is small. Accordingly, it is possible to
fct a lead wire under wide wire -bonding conditions (an output and a
ng-tine). The al um num copper clad foil is prepared by -a

ng method or a rolling nethod. In the case of plating nethod, zinc,
er nickel may be plated between an alum num|ayer and a copper |ayer
Bn otder to increase the bonding strengt HL%et ween al um num and copper.
hen zinc or tinis subjected to substituting plating with a thickness of

WO A1l [err] m gazfpsti tuting | ayer between

A circuit substrate for mounting a semiconductor
element comprises an aluminum-copper clad foil laminated
on a metallic base plate by interposing an insulating

5 layer, wherein the roughness in average of the surface in
contact with the iﬁsulating layer of the aluminum-copper

.clad foil is in a range of from 0.5 m to 50 um.
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gim num | ayer and the copper |ayer, andit n copper plating:is

®ted at a thickness of about .5 [err]n}900 Terr]m an excellent

g force is obtainable bet ween t he al um num | ayer and the copper -

in conparison with a technique that nickel plating is conducted

en the alumnum’l ayer and t-he copper layer. Thus, a highly reliable
g ectric conductive circuit can be forned. When the copper foil is
brmed by electrolytics plating, the roughness of the surface of the
pper |ayer can be adjusted by adjusting the density of an electric

@rrent supplied. Fik(il%ﬁ{@? el ectrolytic copper foil having an .
@ erage roughness r]n}5 [err] mcan be

5} 3
4—C L R e S TR &
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FIGURE 2
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'S : ) -
& by feeding a current having a densZJy’of 4 Aldcinferr] or |ower.
¥, an el ectrolytic copper foil .having an average. roughness of 20
can be forned by supplying a current having a density of 3

err]. Further, an electrolytic copper foi-l having an average
hness of -9- 10 [err]mcan be

f@ med by feeding a current having a density of 2 Aldcnferr]. When

tf@e alum num copper (ié(ljfééls prepared by a

100}
80k
60}
40}t

Voltage breakdown strength 20

3 (V/ Am ) b 1 L X

? O 10 20 304050
Roughness in average ( MM )

O Electrolytic clad foil
A Roll elad foil

FIGURE. 5

4.0
3.0

| * ' 20

Peel strength 1.0

( Kg/cm) 11 ) 1 1
O 10 20 304050
Roughness in average (um )

O Electrolytic clad foil
D Roll clad foil

i This Sheet Has Been Rep

T




‘vfg met

]m70 [

num fo

hod, it is.possible to obtai
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i nst ance,

e of 35 [err]m1,000 [err]mfor
, the thickness of the clad foil i~

H"QUREse foreu small ¢

of high purity.
clad foil 3 of

t he present

@4}|ad foi l

.current.

10

Furt her,

havi ng a-l arge
the rolling
foil having a hlgh "bondi ng strength at the
durable to corrosion at the interface and a clad foil
The thickness of the
I nvention is not
t he thickrgss of 325 clad foil is preferably in
' a large current.
desirably in a range of 9
E?e t hi ckness of the
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In particular

On the other



preferably in a range of 20 [err]m80 [errImfor a large current usmes-3%
However, When a fine circuit having the width of <circuit of 200 [err]mor
|l ess ks to be prepared, the thickness of the aluminumfoil is preferably
|ess than 10 [err]mand the! thlckness of the copper foil is preferably in
a range of 1 [err]m 100 [errfmy .. . \Wen the thlckness of- the al um num
foil is nore than 10 [err]m dccuracy in the MAdth of “a circuit is poor,
whereby it is difficult to form1a flne C|rcur% because”én anount of side
etching in an etching operatloy |s Iarge - The rou&hness i n average of
the surface in contact RS U N

o ' ;!‘“L '

CIRCUIT SUBSTRATE FOR MOUNTING A SEMICONDUCTOR ELEMENT

The present invention relates to a circuit substrate
for mounting a semiconductor élement used for electric
devices, communicating devices and automobiles. More
particularly, the present invention relates to a highly
reliable circuit substrate for mounting a semiconductor
element having an improved bonding strength between a
metallic foil for forming a circuit and an insulating
layer; a high resistance to vol;agé,iénd excellent wire

4

.bonding property?i
There have been used a copper fdil, a nickel-plated

copper foil and an aIuminumEEoﬁper.ciad foil as an
electric c?néqctive'foi; ugéd for a circuit substrate for
mounting auééﬁiconductor'elément_which is used mainly for
electric devices:, communication devices and automobiles.
In recent yéars, these foils have been used in various
fields, and there are demands of circuit substrates

capable of high density packaging; and having a high
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for the present invention is in'a range of 0.5 [err]m50 [erf]
roughness in average is |less than 0.5 [err]m the bondi ng st
insufating layer 2 is smal |, and the al um num copper clad fo
peel ed off. On the other hand, .wpen the roughness e

easily

rot—. o

with the insulating | ayer of the al um num copper clad Rﬁﬁhﬂ@lﬁéﬁd SH

[err]m there

roj ecti ons of concave and recess [ |ons of
proj r &8 st EKEE proBg excel

foil,

and t he

occurs concentration of an electric field at the top of

YIRS WHATSRa i ¢ A

property and providing high reliability. ' For instance,
u.S. Patent No. 4,521,476 discloses a process for
preparing a hybrid integrated circuit substrate having a
circuit which is formed 6f an aluminum-copper clad foil
laminated on a metaliic base plate through an insulating
layer. Japanese Examined Patent Publication No.
15153/1989 discloses a circuit substrate in which an
aluminum—-copper bondihg foil is used. Further, Japanese
Unexamined Patent Publication No. 108347/1991 disclose a
wire bonding method using an aluminum wire and a gold
wire. However; the conventional techniques do not
satisfy the demands described above. For instance, when
a conventional circuit substrate has been used for a
power module to which a large'current or a high voltage
has been applied, the bonding strength. (peel strength)
between the circuit :ormed of an aluminum-copper clad

foil and the insulating layer and the voltage-

withstanding characteristic have not been sufficient, and

accordingly, reliability has been low. Further, there

has been a problem that the bonding strength between the

circuit and electronic devices such as semiconductors at

connectlng portlons formed by wire bonding an alumlnum

wire or a gold wire has been insufficient and unstable,

and therefore, reliability has been insufficient.
It is an object of the present invention to provide a

circuit substrate for mounting a semiconductor element



br eakdown characteristic is greatly reduced. When the @EPEA@EhﬂﬁﬁbSHEET

clad foid is used for a field which requires a high peel 4t eHgLH
preferably that the roughness in average of the surface i1 c gcjuwwléﬁ
the insulating |ayer of the alum num copper clad foil 3 i|s range of

10 [err]m50 [errim ©On the other handy when it is used for_a_ixéuiL_____

requiring a high vol t age breakdown characterlstlc it is preferable t hat

t he roughness in avera e of Lhe surface in coq[act with t lu?ﬁ1atrng

| ayer of the kaxdngod P§9Fn gnadRge SHrengtls %fr‘fqerﬁ?ocfletrqqlrﬁ ef, an

articular, it is preferable that th oughness i.n g range of 0.5
Ferr]n}lo [er?}HﬂFg“ﬂsﬁoPBFracHPShfd%l and(%n 1nsulat1ngr¥%yer, an

improved voltage breakdown strength characteristic and
reliable strength of wire bonding. The inventors of this
application have studied on the roughness of the surface
in'contact with the insulating layer of the aluminum-
copper clad foil, the roughness of the surface of the
foil in contact with a bonding wire and the quality of an
aluminum foil, which are factors influencing the above-
mentioned characteristics, and have achieved the present
invention by finding a circuit substrate of high -
reliability. .

Namely, in éccordance with the present invention,
there is provided a circuit substrate for mounting a
'semiconductor element having an aluminum-copper clad foil
laminated on a metallic base plate by interposing an
insulating layer, characterized in that the roughness in
averagé-of the surface in conﬁacﬁ with the insulating
layer of the aluminum-copper clad foil is in a range of
from 0.5 gm to 50 .m.

In the present invention, the aluminum-copper clad
foil is such one that a copper foil is forﬁed on an
aluminum foil by electrolytic plating,; or the clad foil
is prepared by a rolling method. The aluminum foil is
made of pure aluminum including more than 99.0% by weight
of aluminum or made of an aiumiﬁum alloy. |

The roughness in average of the surface opposing the



voltage. On the other hand, when both peel strength and _BEPLﬁ*gﬂﬁlgg T
characteristics are required, it is preferable that the folighness in _
average is in a range of 10 [err]m20 [err]m The thickn¢ss @f3ULN N9
surface of the clad foil can be adjusted by controlling §he density of a
el ectric current when the copper foil is fornmed by the
- 11 - electrolytic plating as descrfb®d—above. Further} the . roughness

can be adjusted by nechanically polishing or
surface in contact with the insulating layer of the

aluminum-copper clad foil is 10 um or lower.

Further, in accordance with the present-invention,
there is provided a power module in which a semiconductor
element is mounted on a circuit substrate comprising an

- aluminum—-copper clad foil whose roughness in average of
the surface in contact with the insulating layer is in a
range of from 0.5 /m to 50 um, the semiconductor element
and a circuit formed in the circuit element are connected
by wire bonding and arranged in a package such as a
plastic material, and are sealed with an insulating
material such as szllcone resin.

In drawings:

Figure 1 is an enlarged cross—sectional view of an
embodiment of'the circuit substrate comprising an
aluminum—-copper clad foil in which an aluminum foil is
formed at the top surface;

Figure 2 is an enlarged cross-sectional view of
another embodiment of the circuit substrate comprising an
aluminum-copper clad foil in which a copper foil is

formed at the top surface;

Figure 3 is an eniarged cross-sectionallview of an
embodiment of the circuitlsubstrate'on which an electric
conductive circuit is formed and a semiconductor element
is mounted; |

Figure 4 is a graph showing relations between voltage

breakdown strength and roughness in average of surfaces



. _:"-1}‘} "
chemcally polishing. In particular, the latter nethods .ﬁéﬁﬂu§ﬁﬁﬁT

formi ng a roughened surface of the aluminum foil becauselelfectrol ytic
plating is not used for the alumninumfoil. A wire thohdithgJPdr 199%n
of the alum numcopper clad foil in the circuit substrate|f¢r nounting a

sem conductor el ement of the present invergi-on is classified TNt O TWo
cases: the alumnumfoil being placed at the top surface
t he copper foid_h I t [ it her
case, the boridl n‘%érg%? ?oﬁfﬁsﬂ ?%‘rz n‘Q‘SSIOl?Bg'SLgéng%S{e(IF#g ar‘llé'}munJ a%logmerfum
foil. Fbmevertfggﬁfbifspo change in the

Figure 5 is a gtaph showing relations between peel
strength and roughnesé in average of surfaces in contact
with the insulating layer of aluminum—copper clad foils;

Figure 6 is an enlarged cross-sectional view showing
a wire bonded portion of the aluminum-~copper clad foil
(an aluminum layer at the tdp) of the present invention;

Figure 7 is an enlarged cross-éectional view showing
a wire bonded portion of the aluminum-copper clad foil
(copper foil at the top) of the present invention; and

Figure 8 is an enlarged cfoss?sectional view showing
an embodiment of the poﬁer module according to the
present invention.

In the following, preferred embodiments of the
circuit substrate for mounting a semiconductor element
will be described in more detail with reference to the
dréwings; |

In description, the roughness in-average of the
surface is éxpressed by Rz which is defined in JIS
({Japanese Industrial Standard) —-B060l.

Figure 1 is an enlarged cross—sectionai view of an
embodiment of ﬁhe circuit-sﬁbstzate of the present
invention. 1In Figure 1, an aluminum-copper clad foil 3

is laminated on a metallic base plate 1 by interposing an
insulating layer 2 with an aluminum foil 5 being formed

at the uppermost layer, wherein the aluminum-copper clad



rel ation anmong the roughness in average of the surface in coni%E,LA&EWﬂ#WLQHEE1
I nsul atisng | ayer of the alum num copper <clad foil, the voltagge pr akﬁomn -
characteristic and the bonding strength. In this case, the rOngnggi UN 1996
average of the surface of the alumnumfoil is 10 [err]mor |psg, nore
preferably, 10 [err]m| [err]m Wen the goughness exceeds 10 [err]n1 a

nolten portion at the bonding portion of the bonding wire can
I he bondi ng t he al um num

conpl etely fiII, h even surface o] on o

foi 1, whet cby EOfere Mgk s TRLRIIERch- IR o °thas ﬁ§9ceaa§e
fallure of bondin reli b|| t i ondi ng decreases On the ot her
hand, when thE&9 P&gﬁﬁn¥§§% eﬁ%ékfﬁ.[ 3¥$h1 the surface area of
contact between tH% g&b%%e 2, an alumlnum—copper clad foil 3 is formed

on the base plate 1 by interposing the insulating layer
with a copper foil 6 disposing at the uppermost layer,
wherein the clad foil has a roughness 4 in average at the
surface in contact with the insulating layer.

Figure 3 is an enlarged cross-sectional view showing
an embodiment of the circuit substrate for mounting a
semiconductor element wherein a semiconductor element and
other electric devices are moﬁnted on it. Figures 4 and
5 respéctively show relations émong the voltage breakdown
streﬁgth, the peel strength and the roughnesé Rz in
average of the surfaces in contact with the insulating
layer of the aluminum-copper clad foils.

As a metallic base plate 1 used for the circuit
substrate of the present inventlon, aluminum, aluminum
alloy, copper, copper alloy, 1ron, stalnless steel and so
on having good thermal conduct1v1ty can be used. A
metalllc base plate 1 having a thickness in a range of
0.5 mm-3.0 mm is generally used, but it is not limited
thereto. |

The insulating layer 2 used for the present invention
may be an insulating layer of high molecular resin which
may contain ceramics'or'inbrganic filler, a high
molecular resin layer containing glass fibers or a heat-

resisting an insulating layer of high molecular resin.
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-12 - portion of the bonding wire and the bonding area of t

foil is.small. The penetration of the nolten portion into thej bondi ng
area of the aluminumfoil is insufficient and the bonding s rlen@3hJUN 1994
smal 1. Accordingly, reliability is |ow EXAMPLE 1 Hgure 3is a
cross-sectional view of a circuit - -

The thickness of the insulating layer 2 is not
particularly limited unless failure of insulation takes
place. Generally, an insulating layer having a thickness
of 20 um or more is used. As inorganic powder used for
the insulating layer 2, alumina, silica, beryllia, boron
nitride, magnesia, silicon nitride, aluminum nitride,
silicon carbide or the like may be used. As the high
molecular resin, epoxy resin, phenol resin, polyimide
resin and various kinds of engineering plastics may be
used.

As the material of aluminum of the alumihum—copper
clad foil 3 used for the preséht invention, pure aluminum
and aluminum alloy used for an extensible material of |
aluminum alloy in the JIS Rule (Aluminum Handbook, edited:
by Shadan Bojin Keikinzoku Kyokai, The 4th Edition, 1990,
p-15, Table 2.1) can be used. The major elements
incorpdrated in the aluminum alloy are Cu, Mn, Si, Mg and
sO on. Therelcan be used al1oy which comprises at least
one se1ected from ‘the group consisting of an alléy
containing Cu of 0.30-7.0% by weight, an alloy containing

-Mn of 0.1-2.0% by weight, an alloy confaining Si of 2.0-
lS% by weight and an alloy cohtaining Mg 6f 0.5~6.0% by
weight. ' ' '

Since the hardness of pure aluminﬁm is soft and the
extensioﬁ property is higﬁ, it deforms at the time of
wire bépding and there causes sinking of the wire used.

When an aluminum alloy foil is used, an amount of sinking
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substrate for nounting a sem conductor elenment, on which a coTduet-of
el enent ,and ot her electrical devices are nDunted. The cu t J
substrate was prepared by applying silica-containing epoxy rfe |n S QN{W96
insdlating layer 2 at a thickness of 100 [err]mon an al um furk-substrate
as a netallic base plate 1 having a thi gkness of 1.5 mm and by bonding
an al um num copper clad foil 3 conprising 40 [err]n1of an al amrTmomrfe+

f fail h
o face. Theoti EHe Ahiriiah % EEo cERBhnes, Aletine. BdRssRingToh: A¥aSan L he
al ur num f oi L by, 1,80t/ 0l X8l e &0y DEaBOUIPE%TRaLY JAER 3 Bohathg! e
conditions (an output and a bonding time).

_‘O(/)
—

The aluminum—copper clad foil is prepared by a
plating method or a rolling method. In the case of
platiné method, zinc, tin or nickel may be plated between
an aluminum layer and a copper layer in order to increase
the bonding strength between aluminum and copper. When
zinc or tin is subjected to substituting plating with a
thickness of 10 A~1l im as a substituting layer between
the aluminum layer and the copper layer, and then copper
plating is conducted at a thickness of about 5 um-900 zm,
an excellent bonding fo:ce is obtainable between the
aluminum layer and the copper layer in comparison with a
technique'that nickel plating is conducted between the.
aluminum layer and the copper layer. Thus, a highly
reliable electric conductive circuit can be formed.

'When the copper foil is formed by electrolytiecs
platiné, the roughness of the surface of the copper layer
can be adjusfed;by adjusting the density of an electric
current supplied. For instance, an electrolytic copper
foil having an average foughness of 0.5 pméso pum can be
forﬁed by feeding a current having a density of 4 aA/dcm?
or lower. Further, an electrolytic copper foil.having an
average roughness of 20 um can be formed by supplying a
current having a density of 3 A/dcmz.' Further, an

electrolytic copper foil having an average roughness of



insulating layer was 15 [err]m (neasured by a surface roughneggﬂ) Eﬂﬂmﬂ?SHEET

"Surfcoder"”, manufactured by Kosaka Kenkyusho). Then, a [rgsist was :

applied by a screen printing method on the circuit substrate jhadvi@F JUN: 1995

sang construction as in Figure 1 (the thickness of the al umndm '

substrate: 1.5 nm the thickness of insw aing .

- 13 - ' A_J
10 pgm can be formed by feeding a current having a density

of 2 A/dcm?.

When the aluminum-copper clad foil is prepared by a
rolling method, it is possible to obtain a ciad foil
having a large thickness which is suitable for a large
current. Further, the rolling method provides a clad
foil having a high bonding strength at the interface and
durable to corrosion at the interface and a clad foil
comprising a copper foil of high purity. -

The thickness of the aluminum-copper clad foil 3 of
the present invention is not in particular limited. For
instance, the thickness of the clad foil is preferably in
a range of 35 um-1,000 um for use for a lérge current.

On the other hand, the thickness'of the clad foil is
desirably in a range of 9 um~70 /m for use for a small
current. The thickness of the aluminum foil is
preferably in a range of 20 xm-80 ym for a large current
use. ﬁpwever, when a fine circuit having the width of
circuit 65 200 gm or less is to be prepared, Ehe
thickness of the aluminum foil is preferably less than 10
pm and the tﬁickness of the copper foil is preferably in
. a range of 1 um-100 .m. .

When the thickness of. the aluminum foil is more than
10 um, accuracy in the width of a circuit is poor,
whereby it is difficult to form a fine circuit because an
amount of.siae etching in an etching 6peration is large.

The roughness in avérage of the surface in contact
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| ayer: 100 [err]m and the thickness of the al um num copper cllad TOT T 20

[err]m85 [err]nm). Etching is conducted with ferric chlorid tO(gB%UN-pg

al um num copper clad foil 3 to .forma circuit. The resist reane k
nacl

resi'st was again applied to portlons which require an al um nu ek An
etching solution capable of selectively dissolving al um num{such "as an

al kali etching solution was used to re € unnecessary al uni UM PorTTOMNS
t o expose copper foil portions. After the resist was renoved, a
sen1conductorwuxulqhawxnsukatxngikHyQWImérEh&nn&nm@h@m-CODDppecladnduct|ve
portions 8 of the circuit by neans of sol der 7, and the sem conductor

el ement 11 andoile 3 usledrifmumtped px ekent COWREE Eon bi/s ai i @ erangesofin

al um num . i
0.5 4m-50 xm. When the roughness in average is less than

-

0.5 um, the bonding strength to the insulating layer 2 is
small, and the aluminum-copper clad foil 3 is easily |
peeled off. On the other hand, when the roughness
exceeds 50 gm, there occurs concentration of an electric
field at the top of projections of concave and recess
portions of the surface of the clad foil, and the voltage
breakdown characteristic is greatly reduced.

When the aluminum-copper clad foil is used for a
field which requires a high pe;l strength, it is
preferably that the roughness in average of the surface
in contact with the insulating layer of the aluminum-
coppér clad foil 3 is in a.range of 10 x/m~50 gm. On the
other hand, when it is used for a field requiring a high
voltage breakdown characteristic, it is preferéble that
the roughness in average of the surface in contact with
the insulating layer of the clad foil is in a range of
0.5 gm-20 #m. In particular, it is preferable that the
roughness in a range of 0.5 gm-10 m in use for a high
voltage. On the other hand, when both peel sfrength and
voltage breakdown characteristics are required, it is
preferable that the roughness in average is in a range of
10 pm-20 pgm. The thickness of the surface of the clad
foil caﬁ be adjusted by controlling the density of an

electric current when the copper foil is formed by the



| ead wire by using an ultrasonic vibration nmethod. - EXANPLE%ﬂEPLACENE%H‘SHEET
Silica-containing epoxy resin as the insulating |ayer 2 was jagplTed to

each of netallic base plates 1 of alumnumof 1.5 mmthick gt a'GBLﬁhP%%%
of 100 [err]m Electrelytic clad foils conprising aluninun1404 ’
[err]mcopper 85 [err]mand rolled clad fgiLs 3 are respectijvéry—borded t0o |

the circuit substrates so as to place alumnumfoils 5 at the top surface.
The vol t age breakdown_strength of the _sanpl.es re measur ed by Usrg—Toted
TOS 8700 (Ki KUSLFCCEBREE-CKBYPS LREb BN RE RAPEIN A H N e c AP RS wi €1 31 S G
2110. Figure 4f§@8%§eggecgglg%'ggjgggg%e%ytm%éﬂgﬁ¥gg¥¥§ pelishing or

chemically polishing. In particular, the latter methods

are used for forming a roughened surface of the aluminum
foil because electrolytic plating is not used for the
aluminum foil. |
A wire bonding portion of the aluminum-copper clad

foil in the circuit substrate for mounting a
semiconductor element of the presént invention is
classified ihto two cases: the aluminum foil being placed
at the top surface (Figure 6) and the copper foil being

| placed at the top surface (FPigure 7). 1In either case,
the bonding portion is formed of a bonding wire and an
aluminum foil. Bowever, there is no change in the
relation among the roughness in average of the surface in
contact with the insulafing layer of the aluminum-copper
clad foil, Ehe voltage.breakdown characteristic and the
bonding strength. In this case, the foughnéss in averége
of the surface of the aluminum foil is 10 zm or less,
more preferably, 10 gm-1 xm. When the roughness exceeds
10 gm, a molten portion at the bonding portion of the
bonding wire can not completely £ill the uﬁeveﬁ surface
at the bonding pqrtion of the aluminum foil, whereby
there takes place a non-melt portion. This may cause
failure of bonding'ahd reliability on the bonding
decreases. On the other hand, when the roughness is less

than 1 um, the surface area of contact between the_molten




{ REPLACEMENT SHER

I n average of the surface in contact with the insulating |ayer The crad
foil and voltage breakdown strength. EXAMPLE 3 ' 03 JUN 1996
Silica-containing epoxy resin as the insulating |ayer 2 was qogted at a

t hi ckness of 100 [err]mon each of netallic base plates of tHe
having a thickness of 1.5 nm Electrqu#%F_clad foils conpriging al um num
40 [err] m copper 85 [err]mand rolled ctad foils 3 were respeTtivery

"bonded on

portion of the bonding wire and the bonding area of the
aluminum foil is small. The penetration of the molten
portion into the bonding area of the aluminum foil is
insufficient and the bonding strength is small.
Accoraingly, reliability is low.

EXAMPLE 1

Figure 3 is a cross-—sectional view of a circuit
substrate for mounting a semiconductor element, on which
a semiconductor element and other electrical devices are
mounted.

The circuit substrate was prepared by applying
silica-containing epoxy resin és an insulating layer 2 at
a thickness of 100 zm on an aluminum substraﬁe as a
metallic base plate 1 having a thickness of 1.5 mm, and
by bonding an aluminum-copper clad foil 3 comprising 40
pmm of an aluminum foil - 85 um of a copper foil so as to
place an aluminum foil 5 at the top surface. The clad
foil used was such one that the copper is formed on the
aluminum foil by electrolysis and the roughness in
average (Rz) of the surface in contact with the
insﬁlating layer was 15 m (méasuréd by a surface
roughness tester "Surfcoder", manufactured by Kosaka
Kenkyusho) . |

Then, a resist was applied by a scfeen printing
method on the circuit substrate having'fhe same
construction as in Figure 1 (the thickness of the

aluminum substrate: 1.5 mm, the thickness of insulating
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the netallic base plates 1 so as to place alumnumfoils 5 @ the-top

surface.to prepare sanples of circuit substrates. The pedl [stgean
Te08 Y 2088

nmeasured for each of t he sanples by using Tensilon U 1164 (
dhowus. t he

Kabushi ki kai sha) in accordance with JIS C6481. Figure
rel ation of the roughness in average ot_tQﬁ__ surface in cgntact with the
I nsulating | ayer of the clad foils and]t e vol tage br eakdOWTStTength-

EXAMPLE 4 The surface of the alumnumfoils_of the_circuit substrates

prepared i n ad@dedandd ikt Bagnhhe Fhbekness i ehetileya HUPHRUR-SPRPBE S f
roll (tradenaqﬁhdUE%&%iuQﬁ{bmhas pum). Etching is conducted with

ferric chloride to the aluminum-copper clad foil 3 to
.form a circuit. The resist was removed. A resist was
again applied to portioné which require an aluminum pad.
An etching solution capable of selectively dissolving
aluminum such as an alkali etching solution was used to
remove unnecessary aluminum portions to expose copper
foil portions. After the resist was removed, a
semiconductor, a tip resistor and so on were mounted on
copper conductive portions 8 of the circuit by means of
solder 7, and the semiconductor element 11 and the
aluminum pad 9 were connected by a wire 10 as an aluminum
lead wire by using an ultrasonic vibration method.
EXAM.’ELE 2
Silica-containing epoxy resin as the insulating layer

2 was applied to each of metallic base plates 1 of
aluminum of.l.S ﬁm thick at a thickness of 100 um.
Electrolytic clad folls comprising aluminum 40 um—copper
.85 pum and rolled clad foils 3 are respéctively bonded to
the circuit substrates so as to place aluminum foils 5 at
the top surface. The voltage breakdown strength of the
samples were measured by using_model TOS 8700 (Kikusui
Denshi Kogyo Kabushiki Kaisha) in accordance with JIS C-
2110. Figure 4 shows the felation between the roughness
in averége~of the surface in contact with the insulating.

layer of the clad fbil and voltage breakdown strength.



manuf actured by Kurenoton. The surface roughness of the sa
nmeasured in the sane nmanner as in Exanple 1. As a result,
average Rz was 9.2 [err]m Then, sen conductor elenents
the sanples and wire bonding of 10,000 al umi num wires of hick wa
conducted by using an ultrasonic wre bonggr (wire bonder [USW5Z60S by
Choonpa Kogyo Kaisha). As a result of teSts, there was foun

bondi ng. Sanpl es of circuit substrate in which the roughness

EXAMPLE 3

Silica-containing epoxy resin as the insulating layer

ng?nﬂwe” |

2 was coated at a thickness of 100 um on each of metallic
‘base plates of the aluminum having a thickness of 1.5 mm.
Electrolytic clad foils comprising aluminum 40 um-copper
85 pﬁ and rolled clad foils 3 were respectively bonded on
the metallic base plates 1 so as to place aluminum foils

5 at the top surface to prepare samples of circuit
substrates. The peel strength was measured for each of
the samples by using Tensilon U-1160 (Toyo Boldwin
Kabushiki kaisha) in accprdance with JIS C-6481. Figure
5 shdws the relation of the féhghness in average of the
surface in contact with the insulating layer of the clad
foils and the voltage breakdown strength.
EXAMPLE 4

| The surface of the aluminum foils of the circuit
substrates prepared in accordance with Example 3 was
polished by using a SiC buff roll (tradename, Ultrasuper)
manufactured by Kurenoton.' The surface roughness of the
samples were measured in the same manner as in Example 1.
As a resu;t, the roughness in average Rz was 9.2 um.
Then, semiconductor elemgnts were mounted on the samples
and wire bondingjof 10,000 aluminum wires of 300 um thick
was conducted by using an ultrasonic wire bonder (wire
bonder USW-5260S by Choonpa Kogyo Kaisha). As a result
of tests, there was found no failure of bonding.

Samples of circuit substrate in which the roughness



- 15 - In average Rz of the alum num surface was 12 [err]m
prepared in the sane manner as in Exanple 3. Sem conduct or
nount ed on the sanpl es and wi re bondi ng of 10,000 gold wr
t hi ¢k was conducted. As a result of testing, there were foyn
nunbers of failure of wre bonding. EXA&E+E'5 Circuitf substrates o
Exanple 3 were prepared. A transistor ba chip 11 was attache

circuit through a heat sink 12 by nmeans of solder 7. Further, an

el ectrode ter myfhlaveyagss Roolafertdie aligminem sypBace was 12 um were

prepared in the same manner as in Example 3.

Semiconductor elements were mounted on the samples and
wire bonding of 10,000 gold wires of 25 gm thick was
conducted. As a result of testing, there were found 80
numbers of failure of wire bonding.

EXAMPLE 5

Circuit substrates of. Example 3 were prepared. A
transistor bare chip 11 was attached to the circuit
through a heat sink 12 by means of solder 7. Further, én
electrode terminal 13 was soldered, and then, the
transistor bare chip 11 was bénded to the bonding surface
9 of aluminum foil with an aluminum wire lO of 300 um
thick by ultrasonic bonding. A plastic package was put
on the circuit substrate with an adhesive agent, and
silicone resin was used for sealing. Thus obtained
transistor power modules 15 were used as controlling
modules for inverter air condiéioners'by supplying power
of AC 200 V and 20 A. As a result, they were able to
withstand for a long term use without breakdown.

In accordance with the preéenf invention, a circuit
substrate for mounting a semiconductor eleﬁent having a
high peel strength and/or a high voltage breakdown
characteristic can be obtained by specifying the surface
roughness of the surface ih contact with the insulating
layer of the alumindm—éopper clad foil. Fufther, such

circuit substrate having high reliability of wire bonding



transi stor bare chip 11 was bonded to the bondi ng surfac
foil with an alumnumw re 10 of 300 [err]m thick by ultjr
pl asti c package was put on the circuit substrate with a
and silicone resin was used for sealing. Thus obtai ned
modul es 15 were used as controlling ngdg es for inverte
by suppl ying power of AC 200 V and 20 AT"As a result, t
withstand for a long termuse w thout breakdown. I n accordance with
the present i®aRnbeodbtainedchytspeabfyinge ther swiffcend asdwassorfuct or
el ement having a high peel strength and/or a high voltage breakdown
charact eri st ieheasupbaent aPPesing shecinFidgtimg d@yedcOt the

aluminum-copper clad foil. Further, a power module for a

s— LC ndi ng.

dﬁ@?iw Ant
istor powe

air conditionéers

t

high voltage and a high current and operable for a long
time use can be obtained by using such circuit substrate

for mounting a semiconductor element.



roughness of the surf‘ac/é'l n cont ac‘“«th the insul atjng 1
u

al um num copper cl ad CIICU[t substrz
reliability of wire* \m
be obtai ned by specify ng the surface roughness of the s

the insulating |layer of the alun1nun}cogp§ﬁ,q[ad foil. F
nodul e for a high voltage and a high current and operabl

CLAIMS:

1. A circuit substrate for mounting a semiconductor
element having an aluminum-copper clad foil laminated on
a metallic base plate by interposing an insulating layer,
characterized in that the roughness in average of the
surface in contact with the insulating layer of the
aluminum—-copper clad foil is in a range of from 0.5 um to
50 um. .

2. The circuit substrate according to Claim 1, wherein
the aluminum—éopper foil is prepared by electrolytic
plating a copper layer on an aluminum foil.

3. The circuit substrate acéording to Claim 1, wherein
the aluminum-copper clad foil is such one prépared by a
rolling method.

4. The circuit substrate according to Claim 1, wherein
the aluminum—~copper clad foil is composed of pure
aluminum of 99.0% by weight or higher.

5.. The circuit substrate.accordihg to Claim 1, wherein
aluminﬁm in the aluminum-copper clad foil is aluminum
alloy which comprises at least one selected from the
group:consisfing of an alloy containing Cu of 0.30~7.0%
.by weight,-an_alloy containing Mn of 0.1—2;0% by weight,
" an alloy containing Si of 2.0-15% by weight and a alloy
containing Mg of 0.5-6.0% by weight.

6. The circuit substrate according to Claim 1, wherein
the roughness of the surface opposing the surface in

contact with the insulating layer of the éluminum—copper



t|ne use can be obt-ained by using such circuit SUbStratﬁkﬂéﬁ%ﬁﬁ@ﬁﬁ%&ﬂ%ﬁ@%

sem conduct or el enent
1. Acircuit subst rj Hﬂl’(m'"wmuﬂl sem conductor  elefrent having an
al um num copper cla a metallic basg pl @FJUK 1996

I nt er posi ng an |nsulat|ng aylr, characterlzed in tha

average of the

he roughness n
surface in contact with fhd®8 i Asul atingj | r—of—tire-

clad foil is 10 um or loker.

7. A circuit substrate for mounting a semiconductor
element having an aluminum-copper clad foii laminated on
a metallic base plate by interposing an insulating layer,
characterized in that the roughness in average of the
surface in contact with the insulating layer of the
aluminum—copper clad foil is at least 0.5 am, but less
than 10 um.

8. A circuit substrate for mounting a semiconductor
element having an aluminum copper clad foil laminated on
a metallic base plate thropgh an insulating layer,
characterized in that the r;ughness in average of the
surface in contact with the insulating layer of the |
aluminum—-copper clad foil is in a range of from 10 pm -
20 um.

9. A power module comprising a circuit substrate for
mounting a semiconductor element as claimed in Claim 1
and a semiconductor mounted on the circuit substrate,
wherein said circuit sﬁbstrate and semiconductor are

connected by wire bonding, and all constituent elements

are arranged in a package.



al um num copper clad foil is in a range of fromO0.5 [err]mto 50 [err]

2. The circuit substrate according to daim1l, wherei Eﬂli.z NT SHBE'{'

al um num copper foil is prepared by electrolytic pl —capper

on -an alum numfoil. 3. The circuit substrate accordin éo ﬁ}ﬁ %51

wherein the al um num copper clad foil qi s such one prgpar 37 41l

nmet hod. 4. The circuit substrate accokgding to Caimi{,}wherein

al um num copper clad foil is conmposed of pure al um num of 99. 0% by wei
~or higher. 5. The circuit substrate according to C alm.l -.wheter
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alum numin the alum num copper clad foil is alumnum alloy which
conprises at |east one selected fromthe group consi sting 'of an al | oy

containing Cu of 0.30-7.0% by weight, an alloy contai nf-prg—vhi—of f){(o
by wei ght, an alloy containing Si of 2.0-15% by wei ght|id MF&&F@ Q}FE

containing My of 0.5-6.0% by wei ght. 6. The circuit supsfrate accord| ng
to daim1l, wherein t he roughness of the _surface opposjn Q@Jm@urﬁ%:e ;i N
contact with the insulating |ayer of the allm num copper I

: S

FIGURE 4

100}

80

60

40

Voltage breskdown strength £ O

(V/ um) N T W T
O 10 20 304050

Roughness in average ( MM ) _
O Electrolytic clad foil
& Roll clad foil

FIGURE 5

4.0
3.0,
2.0

Peel strength 1.0
(Kg/cm)

O 10 20 304050
Roughness in average (um )

O Electrolytic clad foil
D Roll clad foil



- 18 - clad foil is 10 [err]mor |ower. 7. Acircuit substratefor
nounti ng a sem conduct or el ement havi ng an al um num coppe
| am nat ed on a netallic base plate by interposingegs
characterized in that the roughness in average of t
with the insulating |ayer of the al um num copper
0.5 [err]m but |ess than 10 [err]m 8. A circui
nounting a sem conduct or el enent havi ngdan al um nu
| am nat ed on a netallic base plate through an insullat4
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characterized in that the roughness in average of the surface in contact
with the insulating |ayer of the al um num copper clad foil is in a range
of from 10 [err]m - 20 pm 9. A power nodﬁ?e CQ' “si.ngraccircuit
substrate for nmounting a sem conduct or elenent aé ai ned- n daimil

and a sem conductor nmounted on the circuit substrat., Atherei n said
circuit substrate and sem conductor are connect ed by w re bonding, and

all constituent elenents are arranged in a,nackage

SEMICONDUCTOR ELEMENT

ABSTRACT

A circuit substrate for mounting a semiconductor
element comprises an aluminum-copper clad foil laminated
on a metallic base plate by interposing an insulating
layer, wherein the roughness in average of the surface in
contact with the insulating layer of the aluminum-copper

clad foil is in a range of from 0.5 gm to 50 um.

FiGURE 1.
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CIRCUIT SUBSTRATE FOR MOUNTING A
SEMICONDUCTOR ELEMENT
ABSTRACT
A circuit substrate for mounting a semiconductor
element comprises.an aluminum-copper clad foil laminated
on a metallic base plate by interposing an insulating
layer, wherein the roughness in average of the surface in

contact with the insulating layer of the aluminum-copper

‘clad foil is in a range of from 0.5 m to 50 sm.

FIGURE 1.




