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1
GATE RESISTANCE ADJUSTMENT DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 16/564,580 filed Sep. 9, 2019, which is based upon
and claims the benefit of priority from the prior Japanese
Patent Application No. 2019-000272, filed on Jan. 4, 2019,
the entire contents of each of which are incorporated herein
by reference.

FIELD

Embodiments of the present disclosure relate to a gate
resistance adjustment device.

BACKGROUND

A power semiconductor device represented by a power
MOSFET switches a large current. Consequently, if the
surge voltage due to noise is superimposed on the gate
voltage or drain voltage of the power semiconductor device,
the power semiconductor device may be broken. As the
surge voltage is also the source of noise generation, the surge
voltage needs to be reduced as much as possible.

In order to solve the problem, a measure is taken. Accord-
ing to the measure, a gate resistance connected to the gate of
the power semiconductor device is adjusted to reduce the
surge voltage. The larger the gate resistance is, the longer the
turn-on time and turn-off time of the power semiconductor
device are, resulting in an increase in switching loss. On the
other hand, the smaller the gate resistance is, the shorter the
turn-on time and turn-off time are. However, the power
semiconductor device is easily affected by the surge voltage.

As described above, there is a trade-off between the surge
voltage and the switching loss. As of this moment, it is
common to adjust the gate resistance by trial and error while
monitoring the voltage and current waveforms of the gate
and the drain of the power semiconductor device. As the
theoretical method of optimizing the gate resistance has not
been established, the optimization of the gate resistance
relies on experience and intuition of a circuit designer. In
actuality, it takes a lot of time to adjust the gate resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a schematic configuration of
a gate resistance adjustment device according to a first
embodiment;

FIG. 2 illustrates an example of a waveform input unit;

FIG. 3 is an equivalent circuit diagram of a power
converter including an equivalent circuit diagram of a power
MOSFET;

FIG. 4 illustrates waveform diagrams of a gate voltage, a
drain current, and a drain voltage during the power MOS-
FET is turned on;

FIG. 5 illustrates waveform diagrams of the gate voltage,
the drain current, and the drain voltage during the power
MOSFET is turned off;

FIG. 6A is a cross-sectional view of an IGBT and FIG. 6B
is an equivalent circuit diagram of the IGBT;

FIG. 7 illustrates waveform diagrams of a gate voltage, a
collector voltage, and a collector current during the IGBT is
turned on and during the IGBT is turned off;
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2

FIG. 8 is a block diagram of a schematic configuration of
a gate resistance adjustment device according to a second
embodiment; and

FIG. 9 is a block diagram of a schematic configuration of
a gate resistance adjustment device according to a third
embodiment.

DETAILED DESCRIPTION

According to one embodiment, a gate resistance adjust-
ment device has:

a waveform input unit that inputs waveforms of a drain
voltage or a collector voltage and a drain current or a
collector current at least one of during a switching device is
turned on and during the switching device is turned off;

an extraction unit that extracts time required for at least
one of turning on or off the switching device and a steady-
state drain current or a steady-state collector current of the
switching device based on the waveforms input by the
waveform input unit;

a calculator that calculates a gate resistance of the switch-
ing device based on the time and the steady-state drain
current or the steady-state collector current that are extracted
by the extraction unit; and

a setting unit that sets a gate resistance calculated by the
calculator in the switching device.

Embodiments of the present disclosure will be described
below with reference to the drawings. Characteristic con-
figurations and operations of a gate resistance adjustment
device, a power supply device, and a gate resistance design
device will be mainly described in the following embodi-
ments. However, the gate resistance adjustment device, the
power supply device, and the gate resistance design device
may include configurations and operations omitted in the
following description.

First Embodiment

FIG. 1 is a block diagram of a schematic configuration of
a gate resistance adjustment device 1 according to a first
embodiment. The gate resistance adjustment device 1 illus-
trated in FIG. 1 has a function to adjust a gate resistance of
a power semiconductor device such as a power MOSFET
and an IGBT. In the following description, the power
semiconductor device is collectively referred to as “switch-
ing device 2”. The gate resistance adjustment device 1 is
used by being connected to the switching device 2. The
switching device 2 is disposed in a power supply device 3,
for example. Consequently, the gate resistance adjustment
device 1 may also be built in the power supply device 3.
Alternatively, the gate resistance adjustment device 1 may
be disposed to be separated from the power supply device 3.

The gate resistance adjustment device 1 illustrated in FIG.
1 includes a waveform input unit 4, an extraction unit 5, a
calculator 6, and a setting unit 7. The waveform input unit
4, the extraction unit 5, and the calculator 6 also constitute
a gate resistance design device 8.

The waveform input unit 4 inputs waveforms of a drain
voltage or a collector voltage and a drain current or a
collector current at least one of during the switching device
2 is turned on and during the switching device 2 is turned off.

FIG. 2 illustrates an example of the waveform input unit
4. A user such as a circuit designer inputs the waveforms of
the drain voltage and the drain current through various input
devices 4a such as user’s smartphone and PC. The wave-
form input may be hand-written. Alternatively, the hand-
written waveform input by the user may be automatically
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converted to an approximate line or curve waveform. Alter-
natively, several waveform candidates may be displayed to
be selected by the user. If the waveform input by the user is
inaccurate, a gate resistance RG is not set appropriately. For
this reason, a person who has the knowledge about the
desired waveform of the drain voltage or the drain current
during the switching device 2 is turned on or off has to input
the waveform.

The user may prepare in advance a tool for inputting the
waveform of the drain voltage or the drain current and input
the waveform using the tool. For example, the user may
input the waveform through an application software (here-
inafter, “application”) in the user’s smartphone. In this case,
when the application is launched, the two-dimensional coor-
dinate plane whose horizontal axis represents time and
whose vertical axis represents a voltage or a current is
displayed. The user may input the waveform using the
two-dimensional coordinate plane through a pen tool pre-
pared in advance.

The extraction unit 5 illustrated in FIG. 1 extracts the time
required for at least one of turning on or off the switching
device 2 and a steady-state drain current or a steady-state
collector current of the switching device 2 based on the
waveform input by the waveform input unit 4. Specific
information extracted by the extraction unit 5 is not limited
to the time and the drain current (or collector current)
described above. For example, a direct bias voltage, a drain
voltage, a collector voltage, a steady-state gate voltage, or a
steady-state gate current may be extracted. As described
later, the information extracted by the extraction unit 5
depends on parameters of a model equation used by the
calculator 6.

The calculator 6 calculates the gate resistance RG of the
switching device 2 based on the time and the steady-state
drain current or the steady-state collector current that are
extracted by the extraction unit 5. The calculator 6 may
calculate the gate resistance RG of the switching device 2
based on information about the electrical characteristics of
the switching device 2 in addition to the time and the
steady-state drain current or the steady-state collector cur-
rent that are extracted by the extraction unit 5. The infor-
mation about the electrical characteristics may include a
threshold voltage Vth, a transconductance gm, gate-source
capacitance, and gate-drain capacitance of the switching
device 2.

More specifically, the calculator 6 may calculate the gate
resistance RG during the switching device 2 is turned on and
the gate resistance RG during the switching device 2 is
turned off based on different model equations. Each of the
model equations may be calculated based on an equivalent
circuit of the switching device 2. Alternatively, the model
equations may be generated so as to fit experimental wave-
forms during the switching device 2 is turned on and during
the switching device 2 is turned off.

In a first time period during which the switching device 2
is turned on, the calculator 6 may calculate the gate resis-
tance RG using a first model equation based on a time
change of the drain current or the collector current. In a
second time period following the first time period during
which the switching device 2 is turned on, the calculator 6
may calculate the gate resistance RG using a second model
equation based on a time change of the drain voltage or the
collector voltage. Moreover, in a third time period during
which the switching device 2 is turned off, the calculator 6
may calculate the gate resistance RG using a third model
equation based on the time change of the drain current or the
collector current. In a fourth time period following the third
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time period during which the switching device 2 is turned
off, the calculator 6 may calculate the gate resistance RG
using a fourth model equation based on the time change of
the drain voltage or the collector voltage.

The setting unit 7 sets the gate resistance RG calculated
by the calculator 6 in the switching device 2. As described
above, when the calculator 6 calculates different gate resis-
tances RG in the first time period and the second time period
during which the switching device 2 is turned on, the setting
unit 7 sets the gate resistance RG so as to be switched
between the first time period and the second time period.
Similarly, when the calculator 6 calculates different gate
resistances RG in the third time period and the fourth time
period during which the switching device 2 is turned off, the
setting unit 7 sets the gate resistance RG so as to be switched
between the third time period and the fourth time period.

The gate resistance adjustment device 1 illustrated in FIG.
1 may include a storage unit 9. The storage unit 9 stores the
gate resistance RG calculated by the calculator 6. The setting
unit 7 reads the gate resistance RG stored in the storage unit
9 and sets the gate resistance RG in the switching device 2.

Next, an operation of the gate resistance adjustment
device 1 according to the first embodiment will be described.
FIG. 3 is an equivalent circuit diagram of a power converter
including an equivalent circuit diagram of a power MOS-
FET. As illustrated in FIG. 3, the power MOSFET equiva-
lently includes the gate resistance RG, gate-drain capaci-
tance CGD, and gate-source capacitance CGS. Equivalent
circuits of the power MOSFET other than that illustrated in
FIG. 3 may be possible. Components constituting the
equivalent circuit may be changed.

FIG. 4 illustrates waveform diagrams of a gate voltage, a
drain current, and a drain voltage during which a power
MOSFET is turned on. A time period t1 illustrated in FIG.
4 is a time period during which the gate voltage starts to
increase. In this time period, the gate voltage has become
higher than a threshold voltage Vth of the power MOSFET.
A time period t2 is a time period during which the drain
current starts to increase. During the time periods t1 to t2,
the drain voltage remains high. A time period t3 is a time
period during which the drain voltage starts to decrease. In
this time period, the drain current reaches a peak value and
then decreases. The power MOSFET is turned on during the
time periods t2 to t3. After the time period t3, the drain
current is a steady-state current IL. and the drain voltage is
a steady-state voltage Von. Lagging behind the drain current
and the drain voltage, the gate voltage has become a
steady-state voltage VGA.

FIG. 4 illustrates waveform diagrams of a gate voltage, a
drain current, and a drain voltage during a power MOSFET
is turned on. A time period t1 illustrated in FIG. 4 is a time
period during which the gate voltage starts to increase. In
this time period, the gate has become higher than a threshold
voltage Vth of the power MOSFET. A time period t2 is a
time period during which the drain current starts to increase.
During the time periods t1 to t2, the drain voltage remains
high. A time period t3 is a time period during which the drain
voltage starts to decrease. In this time period, the drain
current reaches a peak value and then decreases. The power
MOSFET is turned on during the time periods t2 to 3. After
the time period t3, the drain current is a steady-state current
IL and the drain voltage is a steady-state voltage Von.
Lagging behind the drain current and the drain voltage, the
gate voltage has become a steady-state voltage VGA.

A user inputs the waveforms of the drain voltage and the
drain current illustrated in FIG. 4 through the waveform
input unit 4. When the waveforms illustrated in FIG. 4 are
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input, the gate resistance adjustment device 1 and the gate
resistance design device 8 according to the present embodi-
ment automatically adjust the gate resistance RG. The
calculator 6 calculates the gate resistance RG using a model
equation. The method of generating the model equation will
be described below.

The gate voltage VGS during the time period t1 illustrated
in FIG. 4 is calculated by the following Equation (1). In
Equation (1), t denotes time, VGA denotes a steady-state
gate voltage during which a switching device is turned on,
CGS denotes gate-source capacitance, and CGD denotes
gate-drain capacitance.

- _ M
Vostn = VGA{l - eprG(CGS + CGD)}

When Equation (1) is transformed by putting t=t1 in
Equation (1), the following Equation (2) is obtained.

1 @)
f = Rg(Cgs + CGD)IH—V
th

Ve

The drain current during the time period t2 illustrated in
FIG. 4 is calculated by the following Equation (3). In
Equation (3), gm denotes the transconductance of the power
MOSFET and Vth denotes the threshold voltage of the
power MOSFET.

—r 3
() = gu(Vas - Vi) = gm[VGA{l —expm} - V,h] ®)

When Equation (3) is transformed by putting t=t2 in
Equation (3), the following Equation (4) is obtained.

gnVGa )

ty = Rg(Cgs + Cop)ln———————
2= oo Con e — Vi —1a

When Equation (4) is transformed, the gate resistance RG
is represented by the following Equation (5).

f )
gnVGa
gn(VGa = Vi) — 1L

Rg =
(Cgs + Cgp)n

Equation (5) is a model equation in the time period 2
during which the power MOSFET is turned on. As can be
seen from the right side of Equation (5), to calculate the gate
resistance RG in Equation (5), it is necessary to have the
gate-source capacitance CGS, the gate-drain capacitance
CGD, the transconductance gm, the steady-state gate voltage
VGA, the threshold voltage Vth of the power MOSFET, the
steady-state drain current IL., and the time period t2.

The gate voltage during the time period t3 illustrated in
FIG. 4 is calculated by the following Equation (6). A
steady-state drain current is denoted by IL.

I ©
Ves() = Vi + P =Vep

m
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The gate current during the time period t3 illustrated in
FIG. 4 is calculated by the following Equation (7).

M

VGS=VGP in the time period t3, and thus Equation (7)
can be transformed into the following Equation (8).

Vea — (Vrh + I—L) ®
&

m

dVep  dVps

dt ~ dt

RCop

By integrating both sides of Equation (8) with the time t,
the following Equation (9) is obtained.

Ir ®)
Vea _(Vrh + g_)
Vp(t)=Vpc — TDW £

When Equation (9) is transformed by putting t=t3 in
Equation (9), the following Equation (10) is obtained.

(¥pc = Von)RGCsp (10)
b=y
Vea _(Vrh + —)

&m

When Equation (10) is transformed, the gate resistance
RG is represented by the following Equation (11).

1L
{VGA - (Vrh + —]}13
Em

(¥pe = Vor)Cop

an

R =

Equation (11) is a mod& equation in the time period t3
during which the power MOSFET is turned on. As can be
seen from the right side of Equation (11), to calculate the
gate resistance RG in Equation (11), it is necessary to have
the direct bias voltage VDC applied while the power MOS-
FET is turned on, a steady-state drain voltage Von during the
power MOSFET is turned on, the gate-drain capacitance
CGD, the steady-state gate voltage VGA, the threshold
voltage Vth of the power MOSFET, the transconductance
gm, the steady-state drain current IL, and the time period t3.
At least some of these parameters are extracted by the
extraction unit 5 from the waveforms input by a user through
the waveform input unit 4. Alternatively, the extraction unit
5 may extract some parameters (gm and Vth) based on the
electrical characteristics of the power MOSFET used.

FIG. 5 illustrates waveform diagrams of a gate voltage, a
drain current, and a drain voltage during a power MOSFET
is turned off. A time period t4 illustrated in FIG. 5 is a time
period during which the gate voltage starts to decrease. A
time period t5 is a time period during which the drain
voltage starts to increase. During the time periods t4 to t5,
the steady-state drain current IL flows. A time period t6 is a
time period during which the drain current starts to decrease.
In this time period, the gate voltage has become lower than
the threshold voltage. In the time period t6, the drain voltage



US 11,658,653 B2

7

reaches a peak value and then decreases. After the time
period t6, the drain voltage is the steady-state voltage VDC.

The gate voltage during the time period t4 illustrated in
FIG. 5 is calculated by the following Equation (12).

-1 I
th

(12)
[ —— 7
Rs(Cgs + Cop) gn

Ves(ta) = Vo aexp

When Equation (12) is transformed by putting t=t4 in
Equation (12), the following Equation (13) is obtained.

Voa (13)
I
&

m

t4 = Rg(Cgs + Cop)ln

The gate voltage during the time period t5 illustrated in
FIG. 5 is calculated by the following Equation (14).

I 14
Ves(D) = Vi + o

m

The gate current during the time period t5 illustrated in
FIG. 5 is calculated by the following Equation (15).

I as)

dVps
dt

(16)

By substituting Equation (15) for IG in Equation (16) and
integrating both sides of Equation (16) with the time t, the
following Equation (17) holds.

Vo) = Von + an

IL)
+ =
&Em

When Equation (17) is transformed by putting t=t5 in
Equation (17), the following Equation (18) is obtained.

1
— ¥
RGCGD( *

, RcCep(Vpe = Von) (18)
=

I
Vi + —
&

m

When Equation (18) is transformed, the gate resistance
RG is represented by the following Equation (19).

I
Is(Vrh + —L)
Em

%7 CopWpe —Von)

19

Equation (19) is a model equation in the time period t5
during which the power MOSFET is turned off. As can be
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seen from the right side of Equation (19), to calculate the
gate resistance RG in Equation (19), it is necessary to have
the gate-drain capacitance CGD, the direct bias voltage
VDC, the steady-state drain voltage Von, the threshold
voltage Vth of the power MOSFET, the transconductance
gm, the steady-state drain current IL., and the time period t5.

The gate voltage during the time period t6 illustrated in
FIG. 5 is calculated by the following Equation (20).

-t
Xp
Rg(Cgs + Cap)

Ves(t) = (Vrh + I—L)e @0
Em

The drain current during the time period t6 illustrated in
FIG. 5 is calculated by the following Equation (21).

- @1

In()) = gn(Ves = Vi) = Ur, + gn Vi JeXp——o——— — gu ¥,
p(0) = gn(Ves = Vi) =UL + & rh)eprG(CGS+CGD) gn Vi

When Equation (21) is transformed by putting t=t6 in
Equation (21), the following Equation (22) is obtained.

Ir (22)
te = Rg(Cos + CGD)ln(— + 1)
GnVin

When Equation (22) is transformed, the gate resistance
RG is represented by the following Equation (23).

Is 23)

1L,
(Ces + CGD)ln(

+ 1)
&nVin

Equation (23) is a model equation in the time period t6
during which the power MOSFET is turned off. As can be
seen from the right side of Equation (23), to calculate the
gate resistance RG in Equation (23), it is necessary to have
the gate-source capacitance CGS, the gate-drain capacitance
CGD, the transconductance gm, the threshold voltage Vth of
the power MOSFET, the steady-state drain current IL, and
the time period t6.

In the example described above, while the power MOS-
FET is turned on, the model equation of the gate resistance
RG in the time period t2 is different from that in the time
period t3. While the power MOSFET is turned off, the model
equation of the gate resistance RG in the time period t5 is
different from that in the time period t6. Consequently, the
setting unit 7 switches the gate resistance RG between the
time period t2 and the time period t3 during the power
MOSEFET is turned on, and switches the gate resistance RG
between the time period t5 and the time period t6 during the
power MOSFET is turned off.

The gate resistance adjustment device 1 according to the
present embodiment can be used when the switching device
2 is an IGBT 20. FIG. 6A is a cross-sectional view of the
IGBT 20 and FIG. 6B is an equivalent circuit diagram of the
IGBT 20. As illustrated in FIG. 6A, the IGBT 20 includes a
gate, an emitter, and a collector. A depletion region 20a and
an N-drift region 205 are disposed between the gate and the
collector. As illustrated in FIG. 6B, the IGBT 20 equiva-
lently includes gate-emitter capacitance Cge, gate-collector
capacitance Cgc, collector-emitter capacitance Cce, diffu-
sion capacitance C,, a channel resistance Rch, and a con-
ductivity-modulated drift resistance RMD. FIG. 7 illustrates

Rg =
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waveform diagrams of a gate voltage, a collector voltage,
and a collector current during which the IGBT 20 is turned
on and during which the IGBT 20 is turned off. In FIG. 7,
time periods t1 to t3 are turn-on periods and time periods t4
to t6 are turn-off periods.

FIG. 7 illustrates waveform diagrams of a gate voltage, a
collector voltage, and a collector current during the IGBT 20
is turned on and during the IGBT 20 is turned off. In FIG.
7, time periods t1 to t3 are turn-on periods and time periods
t4 to t6 are turn-off periods.

The turn-on gate resistance RG during the time period t2
is represented by the following Equation (24), and the
turn-on gate resistance RG during the time period t3 is
represented by the following Equation (25).

5} 24)
gnVGa
gn(Vea = Vi) — I

I
ls{VGA —(Vrh + —)}
Em

(Vpe = Ven)Coc

Rg =

(Cgs + Cop)ln

@5)

Rg =

CGC in Equation (25) is represented by the following
Equation (26). In Equation (26), € denotes the dielectric
constant of a semiconductor, AGD denotes the cross-sec-
tional area between the gate electrode and the drain elec-
trode, q denotes an elementary charge, and NB denotes the
carrier density of a drift layer.

(26)

=

2ev,,
Coe = 8( ) -4

GD
qN, B

The turn-off gate resistance RG during the time period t4
is represented by the following Equation (27).

i @n
Via
I
Vi + —
&

m

Ro=
(Cgs + Cgp)ln

The parameters on the right side of the equation of the
gate resistance RG described above are extracted by the
extraction unit 5 based on waveforms input by a user
through the waveform input unit 4. The calculator 6 substi-
tutes the parameters extracted by the extraction unit 5 for the
equation of the gate resistance RG described above, thus
calculating the gate resistance RG. The gate resistance RG
calculated by the calculator 6 is stored in the storage unit 9
if needed. When the gate resistance RG is stored in the
storage unit 9, the gate resistance RG is desirably stored so
as to correspond to waveform information input by the user.
As a result, when the user inputs a similar waveform
thereafter, the calculator 6 does not have to calculate the gate
resistance RG again and instead the corresponding gate
resistance RG is read from the storage unit 9 and set.

The above description has described an example in which
the model equation for calculating the gate resistance RG is
generated based on the equivalent circuit of the switching
device 2 and the parameters of the waveforms input by the
user are substituted for the model equation generated to
calculate the gate resistance RG.
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The model equation for calculating the gate resistance RG
is generated based on the equivalent circuit of the switching
device 2 as described above. In addition to that, the model
equation fitting the shape of the waveforms input by the user
may be generated. For example, the model equation fitting
the waveforms input by the user is represented by the
following Equations (28) to (31).

5] (28)

Ro= ——
“~cop
F-t 29
R = 3 (29)
(Vpc = Vo) E
K- 30
Ro= s (30)
J-(Vpe = Vou)
13 (€28
R =——
“Tk1L

Equation (28) is a model equation in the time period t2
during which the power MOSFET is turned on. Equation
(29) is a model equation in the time period t3 during which
the power MOSFET is turned on. Equation (30) is a model
equation in the time period t5 during which the power
MOSEFET is turned off. Equation (31) is a model equation in
the time period t6 during which the power MOSFET is
turned off. Fitting parameters are denoted by C, D, E, E K,
and L on the right side of the respective equations. These
fitting parameters are set to fit the waveforms set by the user.

The adjustment of the gate resistance RG may be per-
formed by the gate resistance adjustment device 1 according
to the present embodiment after the switching device 2 is
mounted on the power supply device 3, or may be performed
at the design stage, that is, before the switching device 2 is
mounted on the power supply device 3. When the gate
resistance RG is adjusted after the switching device 2 is
mounted on the power supply device 3, all components of
the gate resistance adjustment device 1 may be mounted on
a housing of the power supply device 3, for example.
Alternatively, several components of the gate resistance
adjustment device 1, for example, the waveform input unit
4 may be provided at some location that is different from the
housing of the power supply device 3. Specifically, the
waveform input unit 4 in the gate resistance adjustment
device 1 may be an application in a user’s smartphone. In
this case, the power supply device 3 needs to have a wireless
communication function to transmit a waveform input by the
user launching the application to the gate resistance adjust-
ment device 1 in the power supply device 3.

Meanwhile, when the adjustment of the gate resistance
RG is performed at the design stage, that is, before the
switching device 2 is mounted on the power supply device
3, the gate resistance adjustment device 1 according to the
present embodiment may be used as the gate resistance
design device 8. In this case, essential components of the
gate resistance design device 8 are the waveform input unit
4, the extraction unit 5, and the calculator 6. The gate
resistance RG calculated by the calculator 6 is stored in the
storage unit 9 if needed, and set automatically or manually.

As described above, according to the first embodiment,
when a user adjusts the gate resistance RG of the switching
device 2, the user inputs waveforms of a drain voltage or a
collector voltage and a drain current or a collector current.
Parameters required to adjust the gate resistance RG are then
extracted from the waveforms input by the extraction unit 5
and the parameters extracted are substituted for model
equations, so that the gate resistance RG is calculated by the



US 11,658,653 B2

11

calculator 6. Consequently, it is possible to easily perform
troublesome adjustment of the gate resistance RG. In par-
ticular, the optimum gate resistance RG is set only by the
user inputting the waveform of the drain voltage or the like.
For this reason, the user does not have to adjust the gate
resistance RG many times by trial and error, resulting in time
and effort saving.

Second Embodiment

In a second embodiment, the gate resistance RG is set by
matching waveforms input by a user.

FIG. 8 is a block diagram of a schematic configuration of
the gate resistance adjustment device 1 according to a
second embodiment. The gate resistance adjustment device
1 illustrated in FIG. 8 includes the waveform input unit 4,
the storage unit 9, a search unit 10, and the setting unit 7. The
waveform input unit 4, the storage unit 9, and the search unit
10 also constitute the gate resistance design device 8.

The waveform input unit 4 is similar to the waveform
input unit 4 illustrated in FIG. 1. The storage unit 9 stores a
plurality of waveforms so as to correspond to gate resis-
tances RG, respectively. The storage unit 9 stores wave-
forms of a drain voltage or a collector voltage and a drain
current or a collector current at least one of during the
switching device 2 is turned on and during the switching
device 2 is turned off, which are input by the waveform input
unit 4. In addition to the waveforms input by the waveform
input unit 4, waveforms obtained by a simulation device (not
illustrated) or obtained from results of experiments con-
ducted by a user may be stored so as to correspond to gate
resistances RG, respectively.

When the user inputs the waveforms of the drain voltage
and the drain current through the waveform input unit 4, for
example, the search unit 10 searches the storage unit 9 for
waveforms approximating the waveforms input. When the
approximating waveform is found, the setting unit 7 reads
the gate resistance RG corresponding to the approximating
waveform from the storage unit 9 and sets the gate resistance
RG.

There are several methods of causing the search unit 10 to
search for a waveform. For example, image information
indicating the shape of a waveform may be stored in the
storage unit 9 in advance. A matching process between the
shape of a waveform input by the user and the image
information about the waveform stored in the storage unit 9
is then performed, so that the gate resistance RG correspond-
ing to the best matching waveform is read.

Alternatively, parameters for characterizing a waveform,
for example, parameters of model equations for calculating
the gate resistance RG described above may be stored in the
storage unit 9. Parameters are then extracted from a wave-
form input by the user, compared to the parameters stored in
the storage unit 9, and the gate resistance RG corresponding
to the best matching parameters may be read.

As described above, according to the second embodiment,
the gate resistance RG that matches best with a waveform
newly input by a user is searched for and set using the
relationship between the waveform set or calculated in the
past and the gate resistance RG. Consequently, the gate
resistance RG does not have to be calculated every time the
user inputs a waveform, and thus the gate resistance RG is
easily adjusted.

Third Embodiment

In a third embodiment, the gate resistance RG is auto-
matically adjusted based on results of noise simulations.
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FIG. 9 is a block diagram of a schematic configuration of
the gate resistance adjustment device 1 according to a third
embodiment. The gate resistance adjustment device 1 illus-
trated in FIG. 9 includes a noise simulation unit 21, a target
waveform selection unit 22, the extraction unit 5, the cal-
culator 6, and the setting unit 7.

The noise simulation unit 21 simulates noise of the
switching device 2 and its peripheral circuit, that is, noise of
the power supply device 3 including the switching device 2,
mainly amplitudes of a surge voltage, a surge current, and a
current vibration. In general, to reduce the amplitudes of the
surge voltage, the surge current, and the current vibration,
the gate resistance RG is increased. As the gate resistance
RG is increased, however, the turn-on time and the turn-off
time of the switching device 2 are extended and thus a
switching loss increases. The noise such as the surge voltage
is thus important to adjust the gate resistance RG.

The target waveform selection unit 22 selects a target
waveform of at least one of a drain voltage or a collector
voltage and a drain current or a collector current based on a
result of a simulation in the noise simulation unit 21. The
waveform is selected so that the switching device 2 is not
broken and the switching loss is within an acceptable range.
In selecting a waveform, the relationship between the noise
set in the past and the waveform may be made into a table
for storage and the waveform may be selected by referring
to the table.

The processes of the extraction unit 5, the calculator 6,
and the setting unit 7 are similar to those of the first
embodiment. For example, the extraction unit 5 extracts
information required to adjust the gate resistance RG, for
example, the time required for at least one of turning on or
off the switching device 2 and a steady-state drain current or
a steady-state collector current of the switching device 2
from the waveform selected by the target waveform selec-
tion unit 22. The calculator 6 calculates the gate resistance
RG based on the model equation described above.

As described above, according to the third embodiment,
the waveform of the drain voltage or the drain current is
automatically selected based on a result of a noise simula-
tion. Consequently, it is not necessary to have the waveform
input unit 4 described in the first and second embodiments.
A user does not have to input a waveform by himself, and
the gate resistance RG can be adjusted by a totally auto-
mated process.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the methods and systems described herein may be made
without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and spirit of the inventions.

The invention claimed is:

1. A gate resistance adjustment device comprising:

a noise simulation unit that simulates noise of a switching
device and a peripheral circuit of the switching device;

a target waveform selection unit that selects a graphical
waveform that is an imitation of a target waveform of
at least one of a drain voltage or a collector voltage of
the switching device and a drain current or a collector
current of the switching device based on a result of a
simulation in the noise simulation unit;
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an extraction unit that extracts time required for at least
one of turning on or off the switching device and a
steady-state drain current or a steady-state collector
current of the switching device based on the graphical
waveform selected by the target waveform selection
unit;

a calculator that calculates a gate resistance of the switch-
ing device based on the time and the steady-state drain
current or the steady-state collector current that are
extracted by the extraction unit; and

a setting unit that sets a gate resistance calculated by the
calculator in the switching device.

2. The gate resistance adjustment device according to

claim 1, wherein

the extraction unit extracts at least one of a direct bias
voltage and a steady-state gate voltage of the switching
device in addition to time required for at least one of
turning on or off the switching device and a steady-state
drain current or a steady-state collector current of the
switching device based on the graphical waveforms,
and

the calculator calculates a gate resistance of the switching
device based on at least one of the direct bias voltage
and the steady-state gate voltage of the switching
device in addition to the time and the steady-state drain
current or the steady-state collector current that are
extracted by the extraction unit.

3. The gate resistance adjustment device according to

claim 1, further comprising

a storage unit that stores a gate resistance calculated by
the calculator, wherein

the setting unit reads the gate resistance stored in the
storage unit and sets the gate resistance in the switching
device.

4. The gate resistance adjustment device according to

claim 1, wherein

the calculator calculates a gate resistance of the switching
device based on information about electrical character-
istics of the switching device in addition to the time and
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the steady-state drain current or the steady-state col-
lector current that are extracted by the extraction unit.

5. The gate resistance adjustment device according to

claim 4, wherein

the information about electrical characteristics includes a
threshold voltage, a transconductance, gate-source
capacitance, and gate-drain capacitance of the switch-
ing device.

6. The gate resistance adjustment device according to

claim 1, wherein

the calculator calculates the gate resistance during which
the switching device is turned on and the gate resis-
tance during which the switching device is turned off
based on different model equations.

7. The gate resistance adjustment device according to

claim 6, wherein

the calculator calculates each of the model equations
based on an equivalent circuit of the switching device.

8. The gate resistance adjustment device according to

claim 6, wherein

the calculator calculates the model equations fitting
experimental waveforms during which the switching
device is turned on and during which the switching
device is turned off.

9. A gate resistance adjustment device comprising:

a waveform input unit that inputs graphical waveforms
that are an imitation of a drain voltage or a collector
voltage and a drain current or a collector current at least
one of during which a switching device is turned on and
during which the switching device is turned off;

a storage unit that stores the waveforms so as to corre-
spond to gate resistances, respectively;

a search unit that searches the storage unit based on the
graphical waveforms input by the waveform input unit
and outputs a corresponding gate resistance; and

a setting unit that sets the gate resistance output from the
search unit in the switching device.

#* #* #* #* #*



