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Estimating the gate-source voltage inside 
the device

1. Introduction

In recent years, as the effects of climate change have become 
more pronounced, environmental considerations have been 
gaining increasing importance. In response, efforts toward 
carbon neutrality have been accelerating worldwide, and in 
Japan, the Green Growth Strategy associated with achieving 
carbon neutrality by 2050 has been announced(1). The 
advancement of power electronics technology is expected 
to play a significant role in achieving carbon neutrality, and 
the widespread adoption of next-generation semiconductors 
such as SiC and GaN will greatly contribute to the proliferation 
of power electronics devices and energy conservation(2)
(3). These next-generation semiconductors exhibit superior 
physical properties, such as bandgap and breakdown 
electric field, compared to conventional Si semiconductors. In 
particular, GaN semiconductors are known to adopt a high-
electron-mobility transistor (HEMT) structure, allowing the use 
of the two-dimensional electron gas formed at the AlGaN/GaN 
interface as a current path(4). This enables a reduction in input 
capacitance for devices with the same ON resistance, leading to 
expectations for the miniaturization and efficiency improvement 
of power converters through high-frequency operation(5).

In a power converter, power control is performed by 
switching the power device ON and OFF. When in the ON state, 
it is necessary to sufficiently reduce the on-resistance of the 
current path to minimize losses. To achieve this, an overdrive 
is used, in which a voltage large enough to secure the current 
path is applied between the gate and source. For GaN devices, 
a voltage of at least 4.5 V is required for overdrive. However, 
the gate withstand voltage is relatively low at approximately 6 
V, resulting in a small margin between the applied voltage and 
the withstand voltage(6). Consequently, there is little tolerance 
for the gate-source withstand voltage, raising concerns that 
voltage surges and subsequent oscillations due to high-speed 

switching could easily exceed the withstand voltage and 
cause device failure. To address this issue, semiconductor 
manufacturers are working on defining instantaneous gate 
withstand voltage ratings(7) and developing GaN devices with 
higher gate withstand voltages(8).

Additionally, the device's chip is packaged in a resin mold 
for protection against foreign objects, making it impossible to 
directly measure the voltage between the gate and source. 
While the voltage at the electrode terminals on the exterior 
of the package can be measured, it is affected by parasitic 
components between the chip and the electrode terminals, 
making it difficult to obtain an accurate voltage reading.

In this study, we propose a method for estimating the 
voltage oscillation applied to the gate-source capacitance 
inside a device by modeling the turn-on behavior of the device 
in a half-bridge circuit, which is commonly used in power 
converters, taking into account parasitic components in the 
wiring and within the device package.

2. Circuit Modeling During Turn-On

In this study, we model the switching behavior during the turn-
on operation of the Lo side device in a half-bridge circuit.

2.1. �Parasitic Components of Power Semiconductor Devices
The equivalent model of a GaN device is represented as 
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タターーンン 時時のの回回路路モモデデリリンンググ

本研究では，ハーフブリッジ回路における サイド側のタ

ーン 時のスイッチングをモデリングする．

パパワワーー半半導導体体デデババイイススのの寄寄生生成成分分

デバイスの等価モデルは，図 のように表される．一般

にゲート電圧はゲートソース間容量 の電圧を指す．しか

し，前述のとおり実際の測定ではパッケージ内部のコモンソ

ースインダクタンス をはじめ，配線の抵抗やインダクタ

ンスの影響が含まれてしまい， 電圧を測定することは困難

である．

モモデデルルのの構構築築

理想的なハーフブリッジ回路に，半導体デバイスやデバイ

スを実装する配線基板の寄生成分を含めた等価回路を図 に

示す．ターン 中に流れる直流電流を考慮するため， サイ

ドのドレインソース間に 負荷を接続している．直流電流は，

計算時に 負荷電流に初期値を与えることによってモデルに

反映する． サイドのターン 時は， サイドは ，

サイドが となっている．したがって，交流電流は， サイ

ドは各端子間容量を， サイドはチャネル抵抗を，そしてバ

イパスコンデンサ を経由した経路を流れる．直流電流は

電源からＬ負荷を経由して流れる．

図 にゲート電圧振動を表現するための簡易モデルを示す．

サイド は 状態であるため，チャネル抵抗は小さく無

視できるものとする．その場合，ゲートソース間容量 は

帰還容量 を含めた入力容量 として表現され，本モデ

ルでは に印加される電圧をゲート電圧と定義する．

サイド はドレイン，ソース，ゲートの各端子間容量の合成

容量を考えた時，ドレインソース間容量 が支配的になる

ことから を反映する．また，交流電流の経路に存在する

抵抗成分，インダクタンス成分は， ， として表現する．

さらに， サイドゲート駆動回路に存在する抵抗成分，イン

ダクタンス成分は ， と表現し，ゲートソース間に印加

する電圧は とする． サイドゲート駆動回路に存在する抵

抗成分，インダクタンス成分は，ターン 時の挙動には影響

しないため，本モデルでは省略する．

バイパスコンデンサ は と比較して十分大きいため，

交流経路においては電源とみなすことができる．この際，直

流経路の電源と兼ねることができ，本モデル上では電源 と

して扱う．

評評価価検検証証

パパララメメーータタとと初初期期条条件件のの決決定定

本モデルの妥当性を検証するため，簡易モデルの各パラメ

ータにデバイスや基板パラメータの値を代入し電圧波形を算

出した．表 に電圧波形の算出に用いたパラメータ一覧を示

す．

動作条件として，電源電圧を ， 負荷に流れる初期電

流を とした．スイッチング時の挙動を模擬するため，時

間 において，電源電圧 を → ， サイドゲート電

圧 を → にそれぞれステップ応答させることによって

モデルの電気的状態を変化させ，電圧波形を算出した．

デバイスは， を用いた．ターン 時の直前に

サイド， サイドそれぞれのデバイスに印加されている

電圧を考慮し， は ≒ 時の値， は ＝ 時の値

をそれぞれデータシートより用いた ．コモンソースインダ

クタンス は， を用いた ．基板の抵抗成分，イン

ダクタンス成分は，後述する実機のデータと比較するため，

基板の設計データを を用いて解析を行

い，該当するパラメータを抽出した．

図 デバイスの等価モデル

図 寄生成分を含めた等価回路

図 サイド側のターン 時の簡易モデル

Equivalent model of GaN deviceFigure 1

Special Feature: Papers
Special Feature: Initiatives

Initiatives
Papers

Aw
ard-W

inning Technologies
Special Feature:  

Aw
ard-W

inning Technologies
Opening M

essage

In recent years, next-generation semiconductors have been gaining attention in power elec-
tronics equipment, with GaN being particularly anticipated for the miniaturization of power 
converters driven by high frequencies. However, the gate withstand voltage of GaN is ap-
proximately 6V, and there is a concern that voltage oscillations during switching could lead 
to dielectric breakdown. This study proposes a method to model the gate voltage oscillations 

within the device, including parasitic components of the package and wiring, during the device's ON state, 
Measurements indicated that the gate voltage oscillated beyond the withstand voltage due to the signifi-
cant influence of source inductance. However, the model suggested that the internal gate oscillations were 
smaller and within the withstand voltage range.
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shown in Figure 1. In general, the gate voltage refers to the 
voltage across the gate-source capacitance, Cgs. However, as 
mentioned earlier, actual measurements inevitably include the 
effects of factors such as the common source inductance, Lcs, 
inside the package, as well as the resistance and inductance 
of the wiring. As a result, accurately measuring the voltage of 
Cgs is challenging.

2.2 Model Construction
Figure 2 illustrates an equivalent circuit of an ideal half-bridge 
circuit that includes parasitic components of semiconductor 
devices and the wiring board on which the devices are 
mounted. To account for the DC current flowing during turn-on, 
an L-load is connected between the drain and source of the Hi 
side switch. The DC current is reflected in the model by setting 
an initial value for the L-load current during calculations. When 
the Lo side switch turns ON, the Hi side switch is OFF while 
the Lo side switch is ON. Consequently, the AC current flows 
through the path via the inter-terminal capacitance on the Hi 
side, the channel resistance on the Lo side, and the bypass 
capacitor Csnb. The DC current flows from the power supply 
through the L load.
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Equivalent circuit that includes parasitic 
components

Figure 2

Figure 3 shows a simplified model for representing gate 
voltage oscillations. Since the Lo side transistor Q2 is in the ON 
state, its channel resistance is small and can be considered 
negligible. In this case, the gate-source capacitance Cgs 
is expressed as the input capacitance Ciss, which includes 
the feedback capacitance Cgd. In this model, the voltage 

applied to Ciss is defined as the gate voltage. For the Hi side 
transistor Q1, when considering the composite capacitance 
among its drain, source, and gate terminals, the drain-source 
capacitance Cds is dominant and is therefore reflected in the 
model. The resistance and inductance components present 
in the alternating current path are represented as Rm and 
Lm, respectively. Furthermore, the resistance and inductance 
components in the Lo side gate drive circuit are denoted as 
Rg and Lg, respectively, and the voltage applied between 
the gate and source is represented as Vg. The resistive and 
inductive components present in the Hi side gate drive circuit 
do not affect its behavior during turn-on and are therefore 
omitted in this model.

Since the bypass capacitor Csnb is sufficiently large 
compared to Cds, it can be considered a power supply in 
the AC path. At the same time, it can also serve as the power 
supply in the DC path, and in this model, it is treated as power 
supply E.

3. Evaluation and Verification

3.1. Determination of Parameters and Initial Conditions
To verify the validity of this model, the values of device and 
Wiring Board parameters were substituted into each parameter 
of the simplified model to calculate the voltage waveform. Table 
1 presents a list of parameters used for the voltage waveform 
calculation.

The operating conditions were set with a power supply 
voltage of 100 V and an initial current of 12 A flowing through 
the inductive load. To simulate switching behavior, at time t = 
0, the model’s electrical state was changed by applying step 
responses to both the power supply voltage E (0 → 100 V) 
and the Lo side gate voltage Vg (0 → 5.2V), and the voltage 
waveform was calculated.

The GaN device used was the EPC2010C. Considering 
the voltage applied to both the Hi side and Lo side devices 
immediately before turn-on, the Ciss value was taken from the 
datasheet at approximately 0 V, while the Cds value was taken 
at 100 V(7). A common source inductance, Lcs, of 300 pH was 
used (9). To compare with the actual device data discussed 
later, the resistance and inductance components of the Wiring 
Board were analyzed using ANSYS Q3D Extractor based 
on the Wiring Board design data, and the corresponding 
parameters were extracted.

Table 1 List of parameters

Symbol Parameter Symbol Parameter

Rm 0.5 Ω Ciss 420 pF

Lm 7.8 nH Cds 240 pF

Rg 11.5 Ω Lcs 300 pH

Lg 19.8 nH L0 174 uH

E 0→ 100 V Vg 0→ 5.2 V
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Simplified model of Lo side device during turn-on 
operation

Figure 3
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3.2. Verification of Model Validity
To evaluate the validity of the voltage oscillation model, 
a comparative assessment with actual equipment was 
conducted using double-pulse evaluation. To measure the 
gate voltage, a probing terminal was placed as close to the 
device as possible, and an optically isolated probe (TIVP05, 
manufactured by Tektronix) was used. A comparison between 
the measured waveform and the modeled waveform is shown in 
Figure 4. The dashed line represents the measured waveform, 
while the solid line represents the modeled waveform. In the 
comparison waveform shown in Figure 4, the time when the 
turn-on begins and current starts flowing through the Lo side 
channel is set as 0 seconds. In this model, transient changes 
in the device have not been considered, so the waveforms do 
not overlap. However, the waveform shapes and oscillation 
frequencies match with high accuracy. Specifically, the 
oscillation frequency of the modeled waveform is 114.9 MHz, 
while that of the measured waveform is 117.9 MHz, resulting in 
an error of 2.5 percent.

When comparing the peak values of the gate voltage, the 
peak value of the modeled waveform was 8.51 V, while the 
peak value of the measured waveform was 7.42 V, resulting in 
an error of 12.8 percent. This discrepancy is likely because, in 
the modeled waveform, E and Vg were given a step response 
to simulate switching behavior. Consequently, the change was 
steeper than the measured waveform, leading to the observed 
difference in the peak gate voltage.

3.3. Estimation of Internal Gate Voltage of Device
Using this model, we estimate the actual gate voltage inside the 
device (Ciss voltage in this model). Figure 5 shows the voltage 
waveform of Ciss calculated under the same conditions using 
the model. As seen in Figure 5, the oscillation of the Ciss 
voltage is smaller than the voltage that includes Lcs, which 
can actually be measured. The peak voltage is 5.80 V, which 
falls within the withstand voltage range. This indicates that 
the reverse electromotive force generated in the inductance 
due to the change in current during turn-on has a significant 
effect. The magnitude of the generated reverse electromotive 
force V is expressed using the change in drain current dId/dt 
in equation (i).

 

 
 
 

モモデデルルのの妥妥当当性性のの検検証証

電圧振動モデルの妥当性を評価するため，ダブルパルス

評価にて実機との比較評価を行った．ゲート電圧の測定には，

できる限りデバイス近傍にプロービング端子を設けて光絶縁

プローブ（ 製）を用いて測定した．実測波

形とモデリング波形の比較を図 に示す．破線が実測波形，

実線がモデリング波形である．図 の比較波形では，ターン

がはじまり サイドのチャネルに電流が流れ始めた時間

を として示している．今回のモデルにおいて，デバイス

の過渡時の変化は考慮していないため波形は重なり合ってい

ないが，波形の形状，及び振動周波数は，高い精度で一致し

ている．実際，モデリング波形の振動周波数は，

であり，実測波形の振動周波数は であるため，そ

の誤差は ％であった．

ゲート電圧のピーク値を比較すると，モデリング波形のピ

ーク値は であったのに対し，実測波形のピーク値は

であり，その誤差は ％であった．これは，モデ

リング波形ではスイッチングの挙動を模擬するため ， を

ステップ応答させているため，実測と比較して変化が急峻で

あり，その結果，ゲート電圧のピーク値に差異が生じたと考

えられる．

デデババイイスス内内部部ののゲゲーートト電電圧圧のの推推定定

本モデルを用いて， 実際のデバイス内部のゲート電圧（本

モデルにおける 電圧）の推定を行う．図 にモデルから

算出した同条件における の電圧波形を示す．図 からわ

かるとおり， 電圧の振動は実際に測定可能な を含ん

だ電圧と比較して振動が小さく．ピーク電圧は であり

耐圧の範囲内に収まっている．これは，ターン 時に電流が

変化することでインダクタンスに発生する逆起電力の影響が

大きいことを示している．発生する逆起電力 の大きさは，

ドレイン電流変化量 を用いて式 で表される．

・・・・・・・・・・・（ ）

は と小さいが は数 オーダーで電流が変化す

るため ドレイン電流の変化量が大きいため発生する起電力

が大きく，測定される電圧波形と実際のデバイス内部のゲー

ト電圧に大きな差異が生じていると考えられる．スイッチン

グ開始直後のゲート電圧の大きな沈み込みも の影響と考

えられる．モデルより推定した波形によって，デバイス内部

のゲート電圧についてピーク電圧は実測値よりも小さく，ま

た，測定に見られるような大きな電圧振動はしていないと考

えられ， のようなゲート耐圧が小さなデバイスにおいても，

問題なく動作できているとみなすことができる．これにより，

スイッチング速度をより高速にしたり印加するゲート電圧を

大きくしたりすることが可能となり，スイッチング損失を低

減することが可能となる．

図 にモデルにおける つのインダクタンス と をパ

ラメトリック変化させた時のゲート電圧のピーク値マッピン

グを示す．一般にスイッチング回路におけるインダクタンス

表 パラメータ一覧

記記号号 パラメータ 記記号号 パラメータ

0.5 Ω

11.5 Ω

0→100 V 0→5.2 V

図 モデリング波形と実測波形の比較

図 モデルより算出したデバイス内部のゲート電圧波形

図 を変化させたときのゲート電圧の

ピーク値のマッピング

Although Lcs is as small as 300 pH, the current in GaN 
changes on the order of several nanoseconds. As a result, 
the change in drain current is large, leading to a significant 
induced electromotive force. Consequently, there is likely a 
considerable discrepancy between the measured voltage 
waveform and the actual gate voltage inside the device. A 
significant drop in gate voltage immediately after switching 
begins is also considered to be influenced by Lcs. The 
waveform estimated from the model suggests that the peak 
gate voltage inside the device is lower than the measured 
value and does not exhibit large voltage oscillations as seen 
in the measurements. Therefore, even for devices with low 

gate withstand voltage, such as GaN, it can be assumed that 
they operate without issues. As a result, it becomes possible 
to further increase the switching speed or apply a higher gate 
voltage, thereby reducing switching losses.

Figure 6 presents a peak value mapping of the gate 
voltage when the two inductances, Lm and Lg, in the model 
are varied parametrically. In general, inductance in switching 
circuits is required to be minimized. However, as shown in 
Figure 6, simply reducing the inductance does not necessarily 
minimize the peak value. By designing the two values in a well-
balanced manner, it becomes possible to suppress the peak 
value of gate voltage oscillation during turn-on.
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Comparison of measured waveform and 
modeled waveform

Figure 4

Voltage waveform of internal gate voltage of 
device calculated using the model

Figure 5

Peak value mapping of gate voltage when Lm 
and Lg are varied

Figure 6
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4. Conclusion

In this study, a circuit model for the turn-on operation of a half-
bridge circuit, a common switching circuit, was developed by 
taking into account the parasitic components included in the 
device package and the Wiring Board. By using this model, 
we demonstrated a method for estimating the internal behavior 
of a device that is difficult to measure in practice. When 
switching with GaN, the gate withstand voltage is low, making 
it susceptible to dielectric breakdown due to surges at turn-
on and subsequent oscillations. With high-speed switching, 
when there is a significant change in current, the back 
electromotive force of the common source inductance causes 
a substantial difference between the measured waveform and 
the gate voltage inside the device. However, by using this 
model to estimate the internal gate voltage of the device, it 
becomes possible to determine whether the voltage exceeds 
the withstand voltage. This enables the miniaturization and 
efficiency improvement of power electronics equipment, 
making full use of GaN’s characteristics of high-speed 
switching and low loss.
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