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(57) ABSTRACT

With a semiconductor device manufacturing method, a
lower-layer interconnection 1s formed on a circuit board on
which a plurality of semiconductor chips are mounted.
Using a screen plate with openings corresponding to desired
positions on the lower-layer interconnection, screen printing,
of a metal paste 1s effected, and the printed metal paste is

dried and calcined by heat treatment to form a metal pillar
on the lower-layer interconnection. An insulating film cov-
ering the lower-layer interconnection and the metal pillar 1s
formed so that the tip of the metal pillar may be exposed. An
upper-layer interconnection 1s formed on the insulating film
so that this layer may contact with the exposed tip of the
metal pillar.

33 Claims, 4 Drawing Sheets
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SEMICONDUCTOR DEVICE
MANUFACTURING METHOD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a semiconductor device manu-
facturing method for connecting interconnects to each other
in multilayer interconnection substrates, and more particu-
larly to a semiconductor device manufacturing method
effective for multichip modules (MCMs).

2. Description of the Related Art

To make semiconductor devices denser and smaller, mul-
tichip packages, where more than one semiconductor chip
on which integrated circuit elements and discrete semicon-
ductor elements are formed 1s squeezed 1n a single package,
have recently been 1n use. With conventional packaging
forms, where many DIPs (dual-in-line packages) or plug-in
packages are mounted 1n a printed circuit board, the faster
[SIs cannot achieve their best performance. That is, the
delay time cannot be shortened because the interconnection
runners between chips are too long 1n terms of signal
propagation delay time. To overcome this drawback, high-
performance, high-packing-density multichip modules
(MCMs) have been developed in which many semiconduc-
tor chips are mounted on a single semiconductor substrate
such as a ceramic substrate or a silicon substrate, and the
interconnection length between semiconductor chips 1is
made very short. Connecting interconnects to each other on
a circuit board or a semiconductor substrate 1s one of the
important manufacturing processes for forming semicon-
ductor devices such as ICs or LSIs. In particular, as semi-
conductor devices are more highly integrated and made
smaller, forming multilayer interconnects on a circuit board
and efficiently connecting them are indispensable for the
formation of high-performance semiconductor devices.

Referring to FIG. 1, a method of connecting multilayer
interconnects on conventional MCM multilayer intercon-
nection substrates will be explained. For example, on a
silicon substrate 1 on whose surface a thermal oxide film of
1000 A thick is formed, a first layer interconnection 2 with
a desired pattern 1s formed. This interconnection 2 has a
multilevel structure of T1/Cu/T1 comprising of two Ti layers
of approximately 600 A thick and a Cu layer of approxi-
mately 3 um thick sandwiched between these two T1 layers.
The structure 1s formed by vapor deposition or sputtering
techniques.

Then, for example, a polyimide solution 1s applied to the
entire surface of the semiconductor substrate and dried to
form a film. Next, by lithography, a contact hole 31 1s made
in the film. After this, a non-imido film is calcined to form
a polyimide film 3 serving as an interlayer insulating film.
Then, on the polyimide film 3, a second layer interconnec-
tion 4 of Ti/Cu/11, Al, or the like, 1s formed 1n a similar
manner to the formation of the first layer interconnection 2.
At this time, because the second layer interconnection 4 1s
also formed 1n the contact hole 31, the first layer intercon-
nection 2 and the second layer interconnection 4 are elec-
trically connected to each other 1n the contact hole 31. This
process 1s repeated and the interconnects of multilevel layers
are connected to one another.

Making the contact hole 31 requires photolithography
techniques, etching techniques such as RIE, and such pro-
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cesses as peeling photoresist. Although 1n the case of
polyimide, wet etching can be effected using a choline
solution, other organic insulating films must be formed by
dry etching. Because the use of wet etching solutions 1is
limited severely, the properties of the films are incompatible
with production cost. In addition, as the density of intercon-
nects of the upper layer increases, the upper layer intercon-
nects must be formed on the flat lower-layer surface 1n a
manner that avoids the contact hole in the polyimide film 3
of the lower layer previously formed. This makes it neces-
sary to fill up the contact hole. With this backdrop, the
simplification of manufacturing processes 1s desired.

SUMMARY OF THE INVENTION

Accordingly, the object of the present invention 1s to
provide a method of manufacturing semiconductor devices
which facilitate the connection of interconnects and the
flattening of interlayer 1nsulating films and are suitable for

MCMs.

The foregoing object 1s accomplished by providing a
semiconductor device manufacturing method comprising:
the step of forming a lower-layer interconnection on a circuit
board on which a plurality of semiconductor chips are
mounted; the step of forming a metal pillar on the circuit
board so that the pillar may contact with at least the
lower-layer interconnection, the metal pillar forming step
including the step of elfecting screen printing of a metal
paste using a screen plate with openings corresponding to
desired positions on the lower-layer interconnection and the
step of drying and calcining the printed metal paste by heat
treatment to form the metal pillar; the step of forming an
insulating film covering the lower-layer interconnection and
the metal pillar so that the tip of the metal pillar may be
exposed; and the step of forming an upper-layer intercon-
nection on the insulating film so that this layer may contact
with the exposed tip of the metal pillar.

With this semiconductor device manufacturing method,
because a metal pillar to connect interconnects to each other
1s formed by screen printing 1n forming multilayer intercon-
nection on a substrate, it 15 not necessary to make a hole in
the interlayer insulating films. Thus, a lithography process
and an etching process needed to make a hole can be
climinated. Further, when the tip of the metal pillar 1is
exposed by etching back the interlayer msulating film, the
surface of the interlayer insulating film can be flattened. This
makes 1t possible to immediately form the upper-layer
interconnects on the flattened surface. In this way, the
manufacturing processes can be simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, 1llustrate presently
preferred embodiments of the 1nvention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the mnvention.

FIG. 1 1s a sectional view of a portion of a multilayer
interconnection substrate for explaming the manufacturing
processes of conventional multilayer interconnection;

FIG. 2 15 a sectional view of a portion of a semiconductor
device for explaining one step 1n a semiconductor device
manufacturing method of the present invention;

FIG. 3 15 a sectional view of a portion of a semiconductor
device for explaining one step in a semiconductor device
manufacturing method of the present invention;
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FIG. 4 1s a sectional view of a portion of a semiconductor
device for explaining one step 1n a semiconductor device
manufacturing method of the present invention;

FIG. § 1s a sectional view of a portion of a multilayer
interconnection substrate formed by the semiconductor
device manufacturing method of the present invention;

FIG. 6 schematically shows screen printing by a screen
printing press used 1n the semiconductor device manufac-
turing method of the present invention;

FIGS. 7A to 7D illustrate screen printing by a screen
printing press used 1n the semiconductor device manufac-
turing method of the present invention;

FIG. 8 1s a plan view of the screen printing press in FIGS.
7A to 7D;

FIG. 9 1s a sectional view of a portion of a semiconductor
device for explaining an embodiment of the semiconductor
device manufacturing method of the present invention;

FIG. 10 1s a sectional view of a portion of a ssmiconductor
device for explaining another embodiment of the semicon-
ductor device manufacturing method of the present 1nven-
tion; and

FIG. 11 1s a sectional view of a portion of a semiconductor
device for explaining still another embodiment of the semi-
conductor device manufacturing method of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described, referring to the accompanying drawings.

A first embodiment of the present invention will be

described with reference to FIGS. 2 to 5. In FIG. 2, a
semiconductor substrate 1 to be formed 1nto a circuit board
1s a silicon semiconductor substrate. On the main surface of
the semiconductor substrate 1 1s formed a silicon thermal
oxide film (not shown) of approximately 1000 A thick, on
which multilayer interconnects are formed. While 1n this
embodiment, a silicon semiconductor substrate 1s used, the
substrate may be a circuit board made of, for example, AIN
on which semiconductor chips are mounted. When a silicon
semiconductor substrate 1s used, 1t 1s possible to form an
interlayer insulating film of polyimide on the substrate and
then form the multilayer interconnects on this film. On the
semiconductor substrate 1 on whose surface a silicon oxide
f1lm 1s formed, a first interconnection 2 of a lower layer with
a specified pattern 1s formed. The first interconnection 2 may
be the very first interconnection layer or have more than one
layer under 1t on the semiconductor substrate 1.

It or a barrier metal containing 'I1 1s deposited to a
thickness of approximately 1000 A, Cu to a thickness of
approximately 3 um, and Pd to a thickness of approximately
1000 A, consecutively 1n that order by vacuum deposition or
sputtering techniques. Then, these deposits undergo pattern-
ing 1n a lithography process, in which, for example, Pd is
ctched by using a mixed solution of HCl, HNO,, and
CH,COOH, and Cu and Ti are etched by using a mixed
solution of H,O, and C.H,O- to form a Pd/Cu/T1 metal
interconnection pattern with a width of 20 to 30 um, serving
as the first interconnection. The 1nterconnection pattern may
be formed 1n another way: a photoresist 1s formed on the
substrate and etched to form an interconnection pattern,
through which interconnection metal 1s deposited on the
substrate by, for example, vapor deposition, and finally the
photoresist 1s removed to form an interconnection pattern on
the substrate. After the formation of the interconnection
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pattern, a metal pillar 11 acting as a connection electpillare
to connect 1nterconnects to each other 1s formed by screen
printing 1 a semi-square around portion of approximately
30x30 to 50x50 um* on the metal interconnection pattern 2.
For the printing metal paste, a material containing Au
particles approximately 2000 A 1n diameter and less than 15
wt. % of glass frit (PbO), was used.

After the screen printing of an Au paste on the first
interconnection 2, the paste 1s heated at a rising temperature
speed of 200° C./hr and maintained at 450° C. for 30
minutes, thereby calcining the paste to form the Au metal
pillar 11. The Au adheres well to the Pd layer at the surface
of the first interconnection 2 and has small contact resis-
tance. Then, as shown 1 FIG. 3, a polyimide solution with
a viscosity of approximately 20000 cp 1s dropped onto the
semiconductor substrate 1, which 1s then spun at a speed of
500 rpm 10 sec. and 1500 rpm 15 sec. 1n that order. The
substrate is then dried and preliminary cured at 150° C./60
min. 1n a nitrogen atmosphere to form an 1nterlayer msulat-
ing film 3, for example pre-polyimide film, comprising of a
polyimide film of approximately 30 um thick. The material
for the interlayer insulating film 1s not limited to polyimide.
For instance, PSG and silicon oxide film may be used. As
shown 1n FIG. 4, the entire surface of the interlayer insu-
lating film 3 1s etched back by using a choline solution to
expose the tip of the Au metal pillar 11. Then, the final cure
is effected at 320° C./30 min. to form a complete interlayer
insulating film 3. Next, as shown 1n FIG. 5, a second
interconnection 4 made up of Pd/Cu/T1 serving as an upper
layer 1s formed in the same manner as described above.
Although not shown, a third, a fourth, or a further intercon-
nection may be formed through another interlayer insulating
film on the interconnection 4 or a protective insulating film
S5 made up of, for example, BPSG, may be formed directly
on the interconnection 4.

As shown 1n the figure, to connect the first interconnection
to the second one, the Au metal pillar 11 serving as a
connection electpillare 1s used. The Au metal pillar 11 1s
embedded 1n the interlayer msulating film 3 to electrically
connect the two interconnections 2 and 4 to each other. The
calcined Au paste contains PbO, 1s made of small crystal
particles, and has a resistivity of approximately 5 uf2cm
higher than that of the bulk. However, even 1f the recrys-
tallization to form larger crystals cannot be effected by a
high-temperature annealing after the formation of the mul-
tilayer interconnection because of the heat resistance limit of
the 1nterlayer insulating film 3, the Au metal pillar 11 whose
height and diameter approximate 20 um and 30 wum,
respectively, has a resistance of 1.4 m¢2, which thus has no
adverse elfect on the characteristics of the semiconductor
device. Since no surface oxidation occurs, the contact resis-
tance between the Au metal pillar 11 and the second inter-
connection 4 1s small. With this embodiment, by etching
back the polyimide, the tip of the metal pillar 1s exposed and
flattened. This makes it possible to use screen printing
techniques to form a metal interconnection on the flattened
surface. However, because the upper limit of the calcination
temperature for the metal paste 1s restricted to temperatures
below the heat-proof temperature of the interlayer mnsulating,
film 3, usable paste materials are limited.

The present invention 1s characterized by using screen
printing techniques. Screen printing 1s such a method that a
pattern consisting of openings and non-openings 1s formed
primarily by photoengraving techniques on a screen spread
on a plate to form a screen printing plate, and the pattern 1s
transterred to the printing surface under the screen by
applying printing ink to the screen printing plate and sliding,
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a squeegee over the screen surface to press the ink out of the
openings to the underlying printing surface. The printing
techniques include a conventional method shown 1n FIG. 6
and a method with highly accuracy shown i FIGS. 7A to
7D. FIG. 6 schematically shows a state where screen print-
ing 1s being effected by a screen printing press. A plate 15
1s made up of a wooden or metal square frame 12 on which
a screen 13 1s spread and bonded with an adhesive with all
sides pulled to give a specified tension. To effect printing, a
gap (d) is provided between the semiconductor substrate 1
fixed by vacuum adhesion to a printing table 14 and the
screen 13, the frame 12 1s secured, and the plate 15 1s set to
the printing press body.

At this time, the screen 13 1s spread horizontally as shown
by a two-dot-dash line. In this state, ink 16 1s applied onto
the screen. Then, the squeegee 17 1s pressed against the
screen 13 to cause the screen 13 to come 1nto contact with
the surface of the semiconductor substrate 1. At this time, the
screen 13 1s spread out as shown by a solid line. In this state,
the squeegee 17 1s moved 1n the direction of arrow to
transfer the 1k 16 to the semiconductor substrate 1 through
the openings 1n the screen 13. As the squeegee 17 moves, the
screen 13 separates from the semiconductor substrate 1 by
the action of tension 1n a manner that consecutively changes
the contact position with the substrate 1, thereby effecting
printing. In the embodiment, the printing method shown in
FIGS. 7A to 7D 1s used. FIGS. 7A to 7D show a state where
screen printing 1s being effected by a screen printing press.
FIG. 8 1s 1ts plan view. The printing press 1s provided with
a fixed frame member 18 and a movable frame member 19.
The movable frame member 19 moves 1 an nner groove
formed 1n the fixed frame member 18. It 1s assumed that the
angle formed by the screen 13 with respect to the screen
printing surface of the semiconductor substrate 1 1s 0. When
the constant angle 0 (01=02=03) is maintained by raising the
movable frame member 19 (i.e., the free end of the plate 15)
in synchronization with the movement of the squeegee 17,
the gap between the screen printing surface of the semicon-
ductor substrate 1 and the plate 15 1s reduced to zero.
Because the plate 15 1s not deformed due to squeegee
pressure, the printing accuracy 1s improved.

In the embodiment, a semiconductor substrate 1s used as
a circuit board on which semiconductor chips composed of
integrated circuits and discrete semiconductor elements.
Because the semiconductor substrate 1s conductive, an oxide
film of, for example, silicon or an insulating film of, for
example, polyimide, 1s formed on its surface. On the 1nsu-
lating film-covered surface, semiconductor chips are
mounted. A portion of the msulating film may be used as a
dielectric for capacitors mcluded in the components of the
semiconductor device. To form resistances, conductive films
are formed by screen printing techniques 1n desired places
on the insulating film.

A second embodiment of the present invention will be
described, referring to FIG. 9. FIG. 9 1s a sectional view of
a circult board of a semiconductor device formed by this
embodiment. For a circuit board 1, an AIN substrate 1s used.
On the substrate, multilayer interconnection 1s formed. On
the AIN substrate, a first interconnection 2 with a specified
pattern 1s formed. To form the interconnection, a metal
paste, such as an Ag or Cu paste, containing less than 15 wt.
% of glass frit (PbO) is applied onto the AIN substrate 1 via
the screen with a specified interconnection pattern shown in
FIGS. 7A to 7D, and 1s calcined to form the first intercon-
nection 2 of, for example, Ag with a width of 20 to 30 um.
Then, a Au metal pillar 11 acting as a connection electpillare
to connect interconnects to each other 1s formed by screen
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printing 1n a semi-square around portion of approximately
30x30 to 50x50 um* on the metal interconnection 2. For the
printing metal paste, a material contamning Au particles
approximately 2000 A in diameter and less than 15 wt. % of
glass frit (PbO) was used.

After the screen printing of an Au paste on the first
interconnection 2, the paste 1s heated at a rising temperature
speed of 200° C./hr and maintained at 450° C. for 30
minutes, thereby calcining the paste to form the Au metal
pillar 11. Then, a polyimide solution with a viscosity of
approximately 20000 cp 1s dropped onto the semiconductor
substrate 1, which 1s then spun at a speed of 500 rpm/10 sec.
and 1500 rpm/15 sec. in that order. The substrate 1s then
dried and set hard at 150° C./60 min. in a nitrogen atmo-
sphere to form an interlayer insulating film 3 consisting of
a polyimide film of approximately 30 um thick. Next, the
entire surface of the interlayer msulating film 3 1s etched
back by using a choline solution to expose the tip of the Au
metal pillar 11. Then, the final hardening is effected at 320°
C./30 min. to form a complete mterlayer mnsulating film 3.
Next, a second interconnection 4 1s formed with the screen
shown 1n FIGS. 7A to 7B, as described above. On the
interconnection 4, a protective insulating film 5 of, for
example, PSG, 1s formed. Because the upper limit of the
calcination temperature for the metal paste 1s restricted to
temperatures below the heat-proof temperature of the inter-
layer insulating film, usable paste materials are limited.
Because 1n this embodiment, the first and second intercon-
nections and Au metal pillar 11 are all formed by screen
printing, the processes are more simplified than the first
embodiment.

A third embodiment of the present will be described,
referring to FIG. 10. FIG. 10 1s a sectional view of a circuit
board of a semiconductor device formed by this embodi-
ment. For a circuit board 1, an AIN substrate 1s used. On the
its surface, a first interconnection 2 with a specified pattern
1s formed. Ti or a barrier metal containing 11 1s deposited to
a thickness of approximately 1000 A, Cu to a thickness of
approximately 3 um, and Pd to a thickness of approximately
1000 A, consecutively 1n that order by vacuum deposition or
sputtering techniques. Then, these deposits undergo pattern-
ing 1n a lithography process, in which, for example, Pd 1is
ctched by using a mixed solution of HCl, HNO,, and
CH,COOH, and Cu and Ti are etched by using a mixed
solution of H,O, and C.H,O- to form a Pd/Cu/I1 metal
interconnection pattern with a width of 20 to 30 um, serving
as the first interconnection. After this, a metal pillar 11 acting
as a connection electrode to connect 1nterconnects to each
other 1s formed by screen printing 1n a semi-square around
portion of approximately 30x30 to 50x50 um” on the metal
interconnection pattern 2. For the printing metal paste, for
example, a material containing Au particles approximately
2000 A in diameter and less than 15 wt. % of glass frit (PbO)
was used. After the screen printing of Au paste on the first
interconnection 2, the paste 1s heated at a rising temperature
speed of 200° C./hr and maintained at 450° C. for 30
minutes, thereby calcining the paste to form the Au metal
pillar 11. Next, a polyimide solution with a viscosity of
approximately 20000 cp 1s dropped onto the semiconductor
substrate 1, which 1s then spun at a speed of 500 rpm/10 sec.
and 1500 rpm/15 sec. in that order. The substrate 1s then
dried and set hard at 150° C./60 min. in a nitrogen atmo-
sphere to form an interlayer insulating film 3 consisting of
a polyimide film of approximately 30 um thick. Next, the
entire surface of the interlayer insulating film 3 1s etched
back by using a choline solution to expose the tip of the Au
metal pillar 11. Then, the final hardening is effected at 320°
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C./30 min. to form a complete interlayer insulating film 3. A
second interconnection 1s then formed by screen printing
techniques. To form the interconnection, a metal paste, such
as an Ag, Cu, or Al paste, containing less than 15 wt. % of
glass frit (PbO) 1s applied onto the AIN substrate 1 via the
screen with a specified interconnection pattern shown 1in
FIG. 6, and 1s calcined to form the second interconnection 4
of, for example, Ag with a width of 20 to 30 um. On this
interconnection, a protective insulating film § of, for
example, PSG, 1s formed.

While 1n this embodiment, sputtering techniques are used
for the formation of the first interconnection and screen
printing techniques are used for the formation of the second
interconnection, the first interconnection 2 may be formed
by screen printing and the second interconnection 4 be
formed by sputtering as shown in FIG. 11.

Although 1n the above embodiments, the metal pillar 11
formed by the screen printing 1s made of Au, other materials
such as Pd, Pt, or Ag may be used 1nstead.

Furthermore, insulating elements made of, for example,
silicone elements can be formed, without performing back-
ing or without using solvents. Hence, the method of manu-
facturing the semiconductor device includes no step of
baking.

In the above embodiments, imnterconnects are formed by
such techniques as sputtering, vacuum deposition, and
screen printing. The present mvention 1s not restricted to
these techniques. For instance, so-called gas deposition
techniques may be used 1n which vaporized metal 1s turned
by an 1nert gas mnto small particles, which are then sprayed
on the circuit board to form interconnects by making use of
the pressure difference between the place where particles are
produced and the place where the circuit board 1s placed.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the mnvention in
its broader aspects 1s not limited to the specific details, and
illustrated examples shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor device manufacturing method com-
prising the steps of:

forming a lower-layer interconnection on a circuit board

on which a plurality of semiconductor chips are
mounted;

forming a metal pillar Zaving a rounded apex on said
circuit board so that the pillar may contact with at least
said lower-layer interconnection, the metal pillar form-
ing step including the step of effecting screen printing
of a metal paste using a screen plate with openings
corresponding to desired positions on the lower-layer
interconnection and the step of drying and calcining
said printed metal paste by heat treatment to form the
metal pillar;

forming an msulating film covering said lower-layer
interconnection and said metal pillar so that the [tip]
rounded apex of said metal pillar may be exposed; and

forming an upper-layer interconnection on said insulating
film so that this layer may contact with the exposed
[tip] rounded apex of said metal pillar.

2. A semiconductor device manufacturing method accord-
ing to claim 1, wherein said insulating film forming step
includes the step of covering the lower-layer interconnection
and said metal pillar with an interlayer insulating film, and
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the step of etching back the surface of said interlayer
insulating film until the [tip] rounded apex of said metal
pillar 1s exposed.

3. A semiconductor device manufacturing method accord-
ing to claim 1, wherein said circuit board 1s a semiconductor
substrate, and the step of forming a lower-layer intercon-
nection on said circuit board includes the step of forming an
insulating film on the surface of said semiconductor sub-
strate before the formation of the lower-layer interconnec-
fion.

4. A semiconductor device manufacturing method accord-
ing to claiam 3, wherein a specified area of said msulating
f1lm 1s used as a dielectric for a capacitor.

5. A semiconductor device manufacturing method accord-
ing to claim 1, wherein the step of forming the lower-layer
interconnection, said metal pillar, and said upper-layer inter-
connection on said circuit board includes effecting screen
printing of a metal paste for the formation of each of these
clements.

6. A semiconductor device manufacturing method accord-
ing to claim 1, wherein the step of forming a lower-layer
interconnection on said circuit board includes a step of
forming the interconnection by depositing a barrier metal,
and the step of forming said metal pillar and said lower-layer
interconnection mcludes a step of forming these elements by
cffecting screen printing of a metal paste.

7. A semiconductor device manufacturing method accord-
ing to claim 1, wherein the step of forming said lower-layer
interconnection and said metal pillar includes a step of
forming each of these elements by effecting screen printing
of a metal paste, and the step of forming said upper-layer
interconnection mcludes a step of forming the interconnec-
fion by depositing a barrier metal.

8. A semiconductor device manufactured according to a
method comprising the steps of claim 1.

9. A multilayer interconnection substrate comprising.

a circuil board including a first interconnection layer;

a conductive pillar having a rounded apex on the first
interconnection layer;

an insulating film on the circuit board; and

a second nterconnection layer on the insulating film,
wherein the conductive pillar extends upward through the
insulating film to the second interconnection layer, thereby

forming an electrical connection with the second intercon-

nection layer.

10. The multilayer interconnection substrate as claimed in
claim 9, wherein the conductive pillar has a decreasing
cross-sectional area along its length relative to the circuit
board.

11. The multilayer interconnection substrate as claimed in
claim 9, wherein the conductive pillar has a resistance of
approximately 1.4 m&2.

12. The multilayer interconnection substrate as claimed in
claim 10, wherein the conduciive pillar comprises gold.

13. The multilayer interconnection substrate as claimed in
claim 10, wherein the conductive pillar has a resistance of
approximately 1.4 mg2.

14. A muliilayer interconnection substrate comprising:

a circutl board including a first interconnection layer;

a conductive pillar, having a rounded apex, formed on the
first interconnection layer, the conductive pillar being
manufactured by a method comprising the steps of
screen printing a metal paste using a screen plate with
openings corresponding to desired positions on the first
interconnection layer and drying and calcining the
printed metal paste;
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an insulating film on the circuit board; and

a second interconnection layer on the insulating film,
wherein the conductive pillar extends upward through the
insulating film to the second interconnection layer, thereby
forming an electrical connection with the second intercon-
nection layer.

15. The multilayer interconnection substrate as claimed in
claim 14, wherein the conductive pillar comprises gold.

16. The muliilayer interconnection substrate as claimed in

claim 14, wherein the conductive pillar has a resistance of 19

approximately 1.4 m€2.

17. The multilayer interconnecting substrate as claimed in
claim 8, wherein the insulating film is made of an organic
material.

18. The multilayer interconnecting substrate as claimed in
claim 17, wherein the organic material is polyimide.

19. The multilayer interconnecting substrate as claimed in
claim 14, wherein the insulating film is made of an organic
material.

20. The multilayer interconnecting substrate according (o
claim 19, wherein the organic material is polyimide.

21. An interconnection substrate comprising:

a lower wiring layer;

an nterlayer insulating film having an upper surface and
a lower surface, the lower surface contacting the lower
wiring layer; and
a conductive pillar having a bottom face and a top
portion, the bottom face contacting the lower wiring
laver, and wherein the conductive pillar penetrates the
upper surface of the interlayer insulating film such that
only the top portion, formed as having a rounded apex,
projects through the upper surface.
22. The interconnection substrate as claimed in claim 21,
wherein the boftom face of the conducitive pillar has a

greater cross-sectional area than that of the top portion of

the conductive ptllar.
23. The interconnection substrate as claimed in claim 21,
further comprising:
an upper wiring layer having a lower surface, and con-
tacting the upper surface of the interlayer insulating
film;
wherein the top portion of the conductive pillar contacts
at least the lower surface of the upper wiring layer, and
wherein the upper wiring layer is substaniially flat.

24. The multilayer interconnection substrate as claimed in
claim 21, wherein the insulating film is made of an organic

material.

25. The multilayer interconnection substrate as claimed in
claim 24, wherein the organic material is polyimide.

20. A method for forming an interconnection substrate
comprising the steps of:

forming a lower wiring layer;

forming a conductive pillar on the lower wiring layer by

screen printing using metal paste, the conductive pillar
having a top portion formed as having a rounded apex;

forming an interlayer insulating film having a lower
surface and an upper surface, wherein the lower sur-
face of the interlaver insulating film contacts the lower
wiring layer; and

forming an upper wiring layer which contacts both the top
portion of the conductive pillar and the upper surface
of the interlayer insulating film, and wherein the upper
wiring layer is substantially flat.

27. The method as claimed in claim 26, wherein the

insulating film is made of an organic material.

10

28. The method as claimed in claim 27, wherein the
organic material is polyimide.
29. A semiconductor device manufacturing method com-
prising the steps of:
S forming a lower-layer interconnection on a circuit board

on which a plurality of semiconductor chips are
mounted;

forming a metal pillar on said circuit board, by screen
printing using metal paste, said metal pillar having a
rounded apex so that the pillar may contact with at
least said lower-layer interconnection;

forming an insulating film covering said lower-layer
interconnection and said metal pillar so that the

< rounded apex of said metal ptllar may be exposed; and

forming an upper-layer interconnection on said insulating
film so that this layer may contact with the exposed
rounded apex of said metal pillar.

30. A semiconductor device manufacturing method
according to claim 29, wherein said circuit board is a
semiconductor substrate, and the step of forming a lower-
laver interconnection on satd circuit board includes the step
of forming an insulating film on the surface of said semi-
conductor substrate before the formation of the lower-layer
Interconnection.

31. A semiconductor device manufacturing method
according to claim 30, wherein a specific area of said
insulating film is used as a dielectric for a capacitor.

32. A semiconductor device manufacturing method, com-
prising the steps of:

20

25

30
forming a lower-layer interconnection on a circuit board

formed of one of a semiconductor substrate and an
insulating substrate, a plurality of semiconductor chips
being mounted on said semiconductor substrate or said

35 insulating substrate;

forming a metal pillar on a predetermined area on said
circuit board including said lower-layer
interconnection, the metal pillar forming step including
the step of effecting screen printing of a metal paste
using a screen plate with openings corresponding to
destred positions on the lower-layer interconnection
and the step of drying and calcining said printed metal
paste by heat treatment to form the metal pillar;

40

forming an insulating film covering said lower-layer
interconnection and said metal pillar so that the tip of

said metal pillar is exposed; and

45

forming an upper-layer interconnection on said insulating
film so that the upper-layer interconnection is in con-
tact with the exposed tip of said metal pillar,
wherein said screen plate is supported by a fixed frame and
a movable frame which is pivoted on the fixed frame so that
one end of said movable frame on the side of a free end of
said screen plate is lifted upward as the movement of a
squeegee used for transferring said metal paste onto lower-
laver interconnection, and so that an angle between the
printing surface of the circuit board and the movable frame
is increased gradually, thereby bringing a gap between said
printing surface of the circuit board and the screen plate to
zero at the priniting.

33. A semiconductor device manufacturing method
according to claim 1, wherein the metal pillar is formed by
said metal pillar forming step so that the metal pillar has a
top portion formed as having the rounded apex and a bottom
face having a greater cross-sectional area than that of the
65 fop portion.

50
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