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(57) ABSTRACT

A method of manufacturing a semiconductor device
includes: forming lower-layer wirings for a transistor, a
circuit element and a plurality of contact pads on a substrate
independently of each other; forming a first feed layer over
an entire surface of the substrate on which the lower-layer
wirings are formed; patterning the first feed layer to form a
test pattern connecting terminals of the transistor to the
separate contact pads independently of the circuit element;
making a test on the transistor in a stand-alone state by using
the contact pad and the test pattern; and after the test,
connecting the transistor and the circuit element to form a
circuit.

7 Claims, 5 Drawing Sheets

&

@

o3 I
fol

e
ereas
3
<)




U.S. Patent Apr. 18,2017 Sheet 1 of 5 US 9,627,282 B2

14




US 9,627,282 B2

Sheet 2 of 5

Apr. 18,2017

U.S. Patent

\s
&3 oy
- .\,.......\..{‘\\3)..
e i w7 az
- R - BRI,
D .

I ¢
© T3 B
NG gl

]

g

ol

<

5
D




US 9,627,282 B2

Sheet 3 of 5

Apr. 18,2017

U.S. Patent

53

FIG ©




US 9,627,282 B2

Sheet 4 of 5

Apr. 18,2017

U.S. Patent

PG 7

G4, 20

2o Ras Nl

G5
[dee]




US 9,627,282 B2

Sheet 5 of 5

Apr. 18,2017

U.S. Patent

9

FIG.




US 9,627,282 B2

1
METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method of manufactur-
ing a semiconductor device.

Background Art

Conventionally, as a test to detect a failure in a semicon-
ductor device, evaluations of electrical characteristics of a
semiconductor device are made by bringing a probe into
contact with the semiconductor device in a wafer state after
the completion of a wafer process and applying a bias
through the probe (see, for example, Japanese Patent No.
3279294 and Japanese Patent [Laid-Open No. 02-181457). In
some cases, a contact pad for testing is prepared to avoid
contact between the probe and a structural member such as
a bump on the wafer surface and a test is made by electri-
cally connecting the contact pad to the bump.

In the conventional failure detection method, at least the
completion of all wiring layers must be awaited before
testing a manufactured semiconductor device. However,
semiconductor devices recently developed have a plurality
of wiring layers because of the progress of schemes to
improve the degree of integration, and losses of time and
manufacturing cost are large in a case where a failure is
found after all the wiring layers are formed. Further, in some
cases of testing a completed semiconductor device, there is
a possibility of a failure to make a test about an important
parameter depending on the circuit configuration or occur-
rence of a restriction on a testing condition.

SUMMARY OF THE INVENTION

In view of the above-described problems, an object of the
present invention is to provide a semiconductor device
manufacturing method which enables making a test before
all wiring layers of a semiconductor device are formed and
making a test on each of transistors in a stand-alone state
regardless of the circuit configuration of the semiconductor
device.

According to the present invention, a method of manu-
facturing a semiconductor device includes: forming lower-
layer wirings for a transistor, a circuit element and a plurality
of contact pads on a substrate independently of each other;
forming a first feed layer over an entire surface of the
substrate on which the lower-layer wirings are formed;
patterning the first feed layer to form a test pattern connect-
ing terminals of the transistor to the separate contact pads
independently of the circuit element; making a test on the
transistor in a stand-alone state by using the contact pad and
the test pattern; and after the test, connecting the transistor
and the circuit element to form a circuit.

In the present invention, the first feed layer is patterned to
form a test pattern connecting terminals of the transistor to
the separate contact pads independently of the circuit ele-
ment. A test is made on the transistor in a stand-alone state
by using the contact pad and the test pattern. Therefore, the
test can be made before all the wiring layers of the semi-
conductor device are formed. Further, the test can be made
on each transistor in a stand-alone state regardless of the
circuit configuration of the semiconductor device.

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 6 are plan views showing a method of
manufacturing a semiconductor device according to a first
embodiment of the present invention.

FIGS. 7 and 8 are plan views showing a method of
manufacturing a semiconductor device according to a sec-
ond embodiment of the present invention.

FIG. 9 is a plan view showing a method of manufacturing
a semiconductor device according to a third embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A method of manufacturing a semiconductor device
according to the embodiments of the present invention will
be described with reference to the drawings. The same
components will be denoted by the same symbols, and the
repeated description thereof may be omitted.

First Embodiment

FIGS. 1 to 6 are plan views showing a method of
manufacturing a semiconductor device according to a first
embodiment of the present invention.

In the present embodiment, as shown in FIG. 1, deposited
wirings (lower-layer wirings) for a transistor 2 having a gate
2g, a drain 2d and a source 2s, a transistor 3 having a gate
3g, a drain 3d and a source 3s, MIM capacitors 4 and 5
(circuit elements), contact pads 6a to 6f'and wirings 7 to 13
are first formed on a substrate 1 independently of each other.
The gate 2g and the drain 2d of the transistor 2 are connected
to the wirings 8 and 9, respectively. The gate 3g and the
drain 3d of the transistor 3 are connected to the wirings 12
and 13, respectively. Subsequently, as shown in FIG. 2, a
first feed layer 14 for forming plating wiring is formed over
the entire surface of the substrate 1 on which the lower-layer
wirings are formed.

Subsequently, as shown in FIG. 3, plating wirings 15 to 24
are formed on the first feed layer 14 before testing. More
specifically, the plating wiring 15 is formed on the deposited
wiring for the contact pad 6a. The plating wiring 16 con-
nects the wiring 7 and the wiring 8 to each other. The plating
wiring 17 is formed on the deposited wiring for the contact
pad 64 to connect the source 2s of the transistor 2 and the
contact pad 65 to each other. The plating wiring 18 is formed
on the deposited wiring for the contact pad 6c. The plating
wiring 19 connects the wiring 9 and the wiring 10 to each
other. The plating wiring 20 is formed on the deposited
wiring for the contact pad 64. The plating wiring 21 con-
nects the wiring 11 and the wiring 12 to each other. The
plating wiring 22 is formed on the deposited wiring for the
contact pad 6e to connect the source 3s of the transistor 3 and
the contact pad 6e to each other. The plating wiring 23 is
connected to the wiring 13. The plating wiring 24 is formed
on the deposited wiring for the contact pad 61

Subsequently, as shown in FIG. 4, test patterns 25 to 28
are formed by patterning the first feed layer 14, the test
patterns 25 to 28 connecting the terminals of the transistors
2 and 3 to the separate contact pads independently of the
MIM capacitors 4 and 5. More specifically, the test pattern
25 connects to the contact pad 6a the wiring 7 connected to
the gate 2g of the transistor 2. The test pattern 26 connects
to the contact pad 6c¢ the wiring 9 connected to the drain 2d
of'the transistor 2. The test pattern 27 connects to the contact
pad 6d the wiring 11 connected to the gate 3g of the
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transistor 3. The test pattern 28 connects to the contact pad
67'the wiring 13 connected to the drain 34 of the transistor
3 and the plating wiring 23.

A test is thereafter made on the transistor 2 in a stand-
alone state by using the contact pads 64, 65, and 6¢ and the
test patterns 25 and 26. Similarly, a test is made on the
transistor 3 in a stand-alone state by using the contact pads
6d, 6¢, and 6/ and the test patterns 27 and 28.

Subsequently, as shown in FIG. 5, the test patterns 25 to
28 are removed by performing, for example, ion milling
after testing. Subsequently, as shown in FIG. 6, second-layer
and other plating wirings 29 to 33 are formed. More spe-
cifically, the plating wiring 29 connects the contact pad 6a
and an electrode 4a of the MIM capacitor 4 to each other.
The plating wiring 30 connects an electrode 46 of the MIM
capacitor 4 and the wiring 7 to each other. The plating wiring
31 connects the wiring 10 and the wiring 11 to each other.
The plating wiring 32 connects the plating wiring 23 and an
electrode 5a of the MIM capacitor 5. The plating wiring 33
connects an electrode 56 of the MIM capacitor 5 and the
contact pad 6/to each other. The transistors 2 and 3 and the
MIM capacitors 4 and 5 are thereby connected to form a
circuit. This circuit has an RF signal input from the contact
pad 6a and outputs an RF signal from the contact pad 6/

In the present embodiment, as described above, a test is
made immediately after the wirings 15 to 24 in the first layer
are formed. Since the test can be made before all the wiring
layers of the semiconductor device are formed, losses of
time and cost can be prevented by performing the test in an
early stage in the wafer process and making pass/fail deter-
mination on the wafer level. Also, a prediction on yield can
be made by making pass/fail determination on the chip level
to contribute to the formulation of a production plan. Fur-
ther, the test can be made on each of the transistors 2 and 3
in a stand-alone state regardless of the circuit configuration
of the semiconductor device in contrast with the case where
the test is performed on the entire completed semiconductor
device. Execution of measurements of parameters which
cannot be checked after the completion of the circuit, a
check of characteristics of the transistors constituting the
semiconductor device, a screening test about malfunctions,
etc., is thus enabled.

After testing, the first feed layer 14 is worked, for
example, by ion milling to remove the test patterns 25 to 28.
The influence of the test patterns 25 to 28, for example, on
RF characteristics of the completed semiconductor device is
avoided thereby.

Second Embodiment

FIGS. 7 and 8 are plan views showing a method of
manufacturing a semiconductor device according to a sec-
ond embodiment of the present invention. In the second
embodiment, deposited wirings are first formed like those in
the first embodiment, as shown in FIG. 1, and the first feed
layer 14 formed over the entire surface of the substrate 1, as
shown in FIG. 2.

Subsequently, as shown in FIG. 7, before forming plating
wiring, test patterns 34 to 39 are formed by patterning the
first feed layer 14, the test patterns 34 to 39 connecting the
terminals of the transistors 2 and 3 to the separate contact
pads independently of the MIM capacitors 4 and 5. More
specifically, the test pattern 34 connects to the contact pad 6a
the wiring 8 connected to the gate 2g of the transistor 2. The
test pattern 35 connects the source 2s of the transistor 2 and
the contact pad 65 to each other. The test pattern 36 connects
to the contact pad 6¢ the wiring 9 connected to the drain 2d
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of'the transistor 2. The test pattern 37 connects to the contact
pad 6d the wiring 12 connected to the gate 3g of the
transistor 3. The test pattern 38 connects the source 3s of the
transistor 3 and the contact pad 6e to each other. The test
pattern 39 connects to the contact pad 6f the wiring 13
connected to the drain 3d of the transistor 3.

A test is thereafter made on the transistor 2 in a stand-
alone state by using the contact pads 64, 65, and 6¢ and the
test patterns 34 to 36. Similarly, a test is made on the
transistor 3 in a stand-alone state by using the contact pads
6d, 6¢, and 6f and the test patterns 37 to 39.

Subsequently, as shown in FIG. 8, a second feed layer 40
for forming plating wiring is formed over the entire surface
of the substrate 1 after a test. Plating wirings 15 to 24 are
formed on the second feed layer 40, as are those shown in
FIG. 3 for the first embodiment.

Subsequently, the exposed second feed layer 40 and test
patterns 34 to 39 are removed, for example, by ion milling.
Subsequently, second-layer and other plating wirings 29 to
33 are formed, as are those shown in FIG. 6 for the first
embodiment. The transistors 2 and 3 and the MIM capacitors
4 and 5 are thereby connected to form a circuit.

In the present embodiment, as described above, a test is
performed before the plating layer is formed, thus obtaining
the same advantage as that of the first embodiment. Further,
all the test patterns 34 to 39 are formed on the first feed layer
14, thereby improving the degree of freedom of pattern
layout.

Third Embodiment

FIG. 9 is a plan view showing a method of manufacturing
a semiconductor device according to a third embodiment of
the present invention. In the third embodiment, a step of
forming contact pads 41 to 44 on the substrate 1 indepen-
dently of each other is performed as well as the process step
shown in FIG. 1 for the first embodiment. Subsequently, the
same process steps as those shown in FIGS. 2 and 3 for the
first embodiment are performed.

Subsequently, as shown in FIG. 9, test patterns 45 to 48,
as well as the test patterns 25 to 28 formed in the same way
as those shown in FIG. 4 for the first embodiment, are
formed by patterning the first feed layer 14. The test patterns
45 to 48 connect the electrodes 4a and 45 of the MIM
capacitor 4 and the electrodes 5a and 56 of the MIM
capacitor 5 respectively to the contact pads 41 to 44 separate
from the transistors 2 and 3.

A test is thereafter made on the MIM capacitor 4 in a
stand-alone state by using the contact pads 41 and 42 and the
test patterns 45 and 46. Similarly, a test is made on the MIM
capacitor 5 in a stand-alone state by using the contact pads
43 and 44 and the test patterns 47 and 48. A test can thus be
made on each of the MIM capacitors 4 and 5 in a stand-alone
state. The other process steps and the advantage of the
present embodiment are the same as those of the first
embodiment. A test may be made on each of the MIM
capacitors 4 and 5 in a stand-alone state when a manufac-
turing process formed as a combination of the manufactur-
ing process according to the second embodiment and the
manufacturing process of the present embodiment is per-
formed.

The MIM capacitors 4 and 5 have been described as
circuit elements by way of example in the descriptions of the
first to third embodiments. However, the present invention is
not limited to this. The same advantage can also be obtained
when other circuit elements such as resistors or inductors are
used.
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Also, deposited wirings (lower-layer wirings) below plat-
ing wiring may be interposed between test patterns. Inter-
section of test patterns is thereby enabled to improve the
degree of freedom of layout at the time of preparation of test
patterns.

Masks or process conditions for forming a circuit after a
test may be changed based on the results of the test to
optimize circuit parameters of the circuit. The circuit param-
eters are, for example, the inductance value of an inductor,
the capacitance value of a capacitor, the configuration of a
bias circuit and a resistance value. More specifically, not
only an operation to change the resistance value by laser
trimming or the like but also other operations including an
operation to optimize the circuit configuration by changing
masks after the testing step and an operation to change the
metal thickness by changing process conditions are per-
formed. An improvement in yield can thereby be achieved to
reduce a loss of cost.

Obviously many modifications and variations of the pres-
ent invention are possible in the light of the above teachings.
It is therefore to be understood that within the scope of the
appended claims the invention may be practiced otherwise
than as specifically described.

The entire disclosure of Japanese Patent Application No.
2015-102994, filed on May 20, 2015 including specification,
claims, drawings and summary, on which the Convention
priority of the present application is based, is incorporated
herein by reference in its entirety.

What is claimed is:

1. A method of manufacturing a semiconductor device
comprising:

forming lower-layer wirings for a transistor, a circuit

element and a plurality of contact pads on a substrate
independently of each other;
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forming a first feed layer over an entire surface of the
substrate on which the lower-layer wirings are formed;

patterning the first feed layer to form a test pattern
connecting terminals of the transistor to the separate
contact pads independently of the circuit element;

making a test on the transistor in a stand-alone state by
using the contact pad and the test pattern; and

after the test, connecting the transistor and the circuit

element to form a circuit.

2. The method of manufacturing a semiconductor device
of claim 1, further comprising forming a plating wiring on
the first feed layer before the test.

3. The method of manufacturing a semiconductor device
of claim 1, further comprising:

forming a second feed layer over the entire surface of the

substrate after the test; and

forming a plating wiring on the second feed layer.

4. The method of manufacturing a semiconductor device
of claim 1, wherein the test pattern connects the circuit
element to the contact pad separate from the transistor, and

a test is made on the circuit element in a stand-alone state

by using the contact pad and the test pattern.

5. The method of manufacturing a semiconductor device
of claim 1, further comprising removing the test pattern after
the test.

6. The method of manufacturing a semiconductor device
of claim 1, wherein the lower-layer wiring is interposed in
the test pattern.

7. The method of manufacturing a semiconductor device
of claim 1, wherein a mask or a process condition for
forming the circuit after the test is changed based on a result
of the test to optimize a circuit parameter of the circuit.
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