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When it comes to power systems, both overall performance and e±ciency are key factors in the

design of the power device drivers. Using multi-level power gating logic, this study developed an

active gate driver (AGD) design that is capable of driving the power transistor at di®erent
voltage levels. To lessen the amount of power that the AGD consumes, it is equipped with an

e®ective power gating control logic. Additionally, the Four-stage Stability Control Circuit

inside of the AGD makes certain that each and every power MOS device contained within the
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bu®er arrays of the Output Stage is equally utilized. For the implementation of the AGD design,

the TSMC 180-nm High-voltage (HV) Bipolar-CMOS-DMOS (BCD) process was utilized. The

measurement outcomes with Cload equal to 2 nF and an operating PWM frequency of 400 kHz
validate the functionality of the AGD design. It dissipates an average of 533mW, which is a

combination of static and dynamic power. Finally, the power gating mechanism o®ers a power

reduction of 49.23%, as determined by a comparison of two cycles with and without power

gating circuit installed.

Keywords: Multi-level power gating; power device driver; four-stage stability control; power

MOSFET; AGD.

1. Introduction

SiC and GaN devices are pivotal in advancing power electronics technology and

enhancing power density, e±ciency, and system integration.1 The design of power

semiconductor gate drivers signi¯cantly impacts their performance and e±ciency,

necessitating ¯ne-tuning for optimal switching capabilities. This tuning is essential

to reduce power losses during switching events and e®ectively suppress oscillations.2

A typical gate driver usually uses an open-loop control to improve SiC devices

rising edge di=dt and dv=dt values.3 A lot of passive and discrete o®-the-shelf

components make the design bulky. Also, the driver doesn't have any active feed-

back. Hence, it cannot compensate for variations in voltage and temperature. With

regard to e±cient adaptive gate drivers, the utilization of microcontrollers and ¯eld-

programmable gate arrays (FPGAs) has been extensively documented.4,5 However,

adapting these models to suit distinct power devices while acknowledging the

absence of real-time output data is crucial. These devices, comprising multiple

integrated circuits, tend to have more signi¯cant form factors, necessitating high-

cost data processors for handling computationally intensive tasks. Monitoring the

gate voltage (Vg) of SiC or GaN devices is a core function of a dynamic gate driver

chip during switching transients. Its main objective is to generate an optimized

dynamic gate resistance (Rg) pattern.
6 However, implementing this optimized timing

con¯guration for the gate driver chip using an FPGA ampli¯es area, complexity, and

expense requirements. Meanwhile, a resistive gate driver (RGD) circuit e®ectively

manages surge voltage, surge current, and switching losses by manipulating the

switching waveform through Rg.
7 However, its capacity to adjust waveforms remains

limited. Meanwhile, AGDs have proven e®ective in reducing electromagnetic inter-

ference (EMI) and improving power e±ciency across various power semiconductor

devices.8 An AGD design utilizing a window comparator circuit was reported with

huge power consumption.9 A recent study on AGD design reported achieving only

a 15% power reduction.10

A multi-level power gating logic-controlled driver is proposed in this investigation

to precisely drive a 10-V power transistor device. It was successfully implemented

utilizing 180-nm High-voltage (HV) Bipolar-CMOS-DMOS (BCD) technology,

overcoming area limitations that often accompany AGDs employing both micro-

controller and FPGA components. Furthermore, the power gating technique
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integrated into the driver e®ectively reduces power dissipation caused by the oper-

ation of the Output Stage.

2. Active Gate Driver with Digital Multi-level Power Gating Control

The proposed active gate driver (AGD) with digital multi-level power gating control

logic block diagram is shown in Fig. 1. It consists of the following blocks: Multi-level

Power Gating Control Logic Circuit, Four-stage Stability Control Circuit, Transi-

tion Delay Generator, PMOS Control Pre-driver, NMOS Control Pre-driver,

Voltage Level Shifter, Phase Synchronizer, and Output Stage.

Fig. 1. Block diagram of the proposed AGD with multi-level power gating logic.

A 49.23% Power Reduction AGD
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The Transition Delay Generator resolves the INPWM signal from the Digital Core

into two nonoverlapping signals, VPMOS and VNMOS. One of its inputs, VPD½0:3�, is
in°uenced by the Four-stage Stability Control Circuit, which plays a critical role in

maintaining uniform operation among the HV MOS devices in the Output Stage.

The Four-stage Stability Control Circuit consists of programmable shift registers

and ensures each PMOS in the Output Stage is activated evenly to prevent

mismatches. It operates by assigning time-slotted positions for the activation of each

PMOS based on INPWM, which is also used to control transition timing.

The Transition Delay Generator adjusts the delay between VPMOS and VNMOS

based on the switching state of the PMOS and NMOS transistors in the Output

Stage. The delay between the nonoverlapping signals is also known as dead time.

This dead time is necessary for the reliable operation of the PMOS and NMOS

transistors in the Output Stage. Due to the design limitation of the PMOS in the

T18HVG2 process, the PMOS gate can only handle a VGS di®erence of 5V. Since the

V GSmos signal swing to drive the external Power MOSFET needs to be 10 V due to

the power MOS requirements, the gate signal needs a Voltage Level Shifter to shift

from the 0{5 V range to the 5{10 V range. The Voltage Level Shifter generates a

propagation delay in PMOS gate signals due to the level shift process. The Phase

Synchronizer matches for this propagation delay by adding additional delay to the

NMOS gate signals. The Phase Synchronizer employs a sequence of inverters to

counterbalance the delay produced by the Output Stage.11 The supply voltages are

VDD H ¼ 10V and VDD L ¼ 5V in this investigation. Transistors implemented in

all the blocks except the Level Shifter and the Output Stage are 5-V, low-voltage

MOS devices.

The Output Stage of the proposed AGD comprises 4-PMOS and 4-NMOS arrays,

producing current in four cases. Its PMOS (MP100, MP101, MP102, and MP103)

and NMOS (MN100, MN101, MN102, and MN103) devices are HV devices. Notably,

Vls½0:3� can be adjusted by the Voltage Level Shifter for its proper driving from 0{5V

to 5{10V.12

The Multi-level Power Gating Logic Circuit uses the output signal OUTvgs as a

feedback signal. It is detected by multiple levels, namely INV H1, INV H2, and INV H3.

When OUTvgs is less than INV LOW, the signal is reset.

2.1. Multi-level power gating: Concept and realization

The power gating signals are generated from the Multi-level Power Gating Logic

Circuit. It detects OUTvgs at various levels, e.g., when OUTvgs � 0:8VDD L,

OUTvgs � 0:6VDD L, and OUTvgs � 0:4VDD L. It resets the signal whenOUTvgs �
0:2VDD L. Four PMOS devices of Output Stage can share an equal load of current;

each PMOS can contribute 25% of it. It is widely known the way to charge and

discharge a capacitor in an RC circuit. The transition event of the PMOS in Output

Stage can be recognized using the same RC concept. The complimentary values

of %Vmax and%Imax are referring to Table 1, an example is that whenOUTvgs reaches
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40% of VDD L, the maximum Imax required is 60.7%. Based on the RC model con-

cept, we can conclude that shutting o® the PMOS devices in the Output Stage will

allow us to bring down the overall power consumption of the proposed driver.

Figure 2 shows the timing diagram of power gating analysis in one of the four

PMOS levels. During turn-on, OUTvgs starts to rise when INPWM is high while

VPD½0:3� is low. Notably, as OUTvgs is increasing, VPD½1�, VPD½2�, and VPD½3� go high at

T11, T12, and T13 intervals. However, as OUTvgs is increasing, the overall power

(PVDD LþVDD H) decreases until such time that INPWM becomes low and OUTvgs

reaches 100% of VDD L. This makes VPD½0:3� to go high, making PVDD LþVDD H equal

to 0.

The Multi-level Power Gating Logic Circuit is shown in Fig. 3, consists of four

hysteresis comparators and three latch detectors for three levels. The hysteresis

comparators (C1{C4) shown in Fig. 3 are modi¯ed versions of the basic design.13

These comparators are optimized to achieve low static power dissipation while

maintaining a high slew rate. These comparators compare four di®erent input

voltage levels ranging from 0 to 5V with the feedback output voltage, OUTvgs. The

schematic diagram of the hysteresis comparator is depicted in Fig. 4. The Vpow signal

from the Power Gating Circuit acts as an enable input for the comparators.

Table 1. %Vmax and %Imax at Di®erent

Time Constants in RC circuit.

Time constant (Rg � Cg) %Vmax %Imax

5.0 99.3 0.79
4.0 98.2 1.80
3.0 95.5 5.00
2.0 86.5 13.5
1.0 63.2 36.8
0.7 50.3 49.7
0.5 39.3 60.7

Fig. 2. Timing diagram of the power gating analysis in one of the four PMOS levels.

A 49.23% Power Reduction AGD
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The output of the comparator goes logic high when the voltage at the positive

terminal exceeds that at the negative terminal, and vice versa.

Each latch detector works for each case, which consists of two voltage references.

When the OUTvgs signal goes higher than the two other voltage references, the latch

turns ON. Moreover, the latch turns OFF when the OUTvgs signal goes below the

other voltage references. This block generates the control signals required for the

power gating.

Each latch detector corresponds to a di®erent voltage level. Three di®erent

external voltage inputs, INV H1, INV H2, and INV H3 generate the three di®erent

voltage levels for power gating in the four PMOS of the Output Stage. The minimum

voltage input, INV Low, which resets the whole driver, is 0.2 VDD L. The di®erent

voltage levels for INV H1, INV H2, and INV H3 used in this proposed driver are 0.4

VDD L, 0.6 VDD L, and 0.8 VDD L, respectively. These voltage levels are chosen to

Fig. 3. Multi-level Power Gating Logic Circuit.

Fig. 4. Schematic of the hysteresis comparator.
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enable e±cient and stepwise power gating, allowing di®erent portions of the circuit

to be progressively turned o®, reducing power consumption while still maintaining

functionality where needed. As OUTvgs increases, the maximum current (Imax)

requirement decreases, allowing for more transistors (PMOS) to be powered down

without a®ecting the ability of the circuit to meet performance demands. When

OUTvgs reaches 40% of VDD L, the Imax required is approximately 60% of Imax.

Similarly, when OUTvgs reaches 80% of VDD L, only 20% of Imax is needed, allowing

more aggressive power gating.

2.2. Four-stage stability control circuit

This block as shown in Fig. 5 consists of three programmable parallel-in parallel-out

(PIPO) shift registers. INPWM signal works as a clock in the shift registers that

generate di®erent positions for each PMOS in the Output Stage to be turned ON.

This makes sure that each MOS is equally used and no mismatch issue occurs. The

Load pin (INLOAD) loads the sequence. The Rst signal resets the block. L1½0:3� gives
the positions of four PMOS for one level.

2.3. Transition delay time generator

The Transition Delay Generator is responsible for generating the interval of time,

known as dead time, which is needed between the transitions of the Output Stage. It

is based on the feedback-controlled split-path CMOS bu®er.14 The system identi¯es

the bu®er array with the slowest rise time/fall time. Upon identifying the bu®er with

Fig. 5. Four-stage stability control circuit.

A 49.23% Power Reduction AGD
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the slowest speed, the CMOS Schmitt trigger counteracts this by generating an

additional delay for the remaining bu®ers so that the short-circuit currents are

prevented.

2.4. PMOS control pre-driver and NMOS control pre-driver

As shown in Fig. 6, the Pre-driver circuit makes decisions on which MOS in the

Output Stage to turn on compared with the output of the Multi-level Power Gating

Logic Circuit and the output of Four-stage Stability Control Circuit. It can be better

understood in terms of matrix format where rows indicate the levels and columns

indicate the positions of the MOS to be turned on, e.g., [0001], [0010], [0100]. The

following equation gives the logic implementation:

VPD½0:3� ¼ ðL1½0:3� � VPM0Þ þ ðL2½0:3� � VPM1Þ þ ðL3½0:3� � VPM2Þ þ VPMOS: ð1Þ
This logic ¯nally activates the power gating in the gate driver. Notably, NMOS

control Pre-driver is identical to that for PMOS counterpart.

Referring to the timing diagram as shown in Fig. 7, when INPWM is high and VPD½0�
is low, then MP100 will be ON.�tVPD0 low denotes the ON time of MP100. Moreover,

Fig. 6. Pre-driver circuit for PMOS transistors.

Fig. 7. Timing diagram of the PMOS Pre-driver Outputs for the AGD.

C.-C. Wang et al.

2550423-8



the following cases considering the condition of the PMOS Pre-driver Outputs are

stated as follows:

(1) Case 1: As one PMOS (MP103) is turned o® and three PMOS (MP100, MP101,

MP102) are turned on when VPD½0:2� is high, it generates 75% of the Imax, greater

than 60.7%.

(2) Case 2: When OUTvgs reaches 60% of VDD L, the maximum Imax required is

40%. At this time, since VPD½0:1� is high, two PMOS (MP100 and MP101) are

turned on. They generate 50% of the Imax, which is greater than 40%.

(3) Case 3: When OUTvgs reaches 80% of VDD L, the maximum Imax required is

20%. Since only VPD½0� is high, one PMOS (MP100) is turned on. It generates 25%

of the Imax, greater than the required 20%.

Table 2 summarizes the above operations.

3. Simulations and Measurement Analysis

TSMC 180-nm HV BCD process was used to realize the proposed AGD. Figure 8

shows the die photo and °oorplan of the proposed AGD. The core and chip area of

the AGD are 4:5� 0:63mm2 and 4:9� 1:05mm2, respectively.

Figure 9 shows the measurement setup. The two di®erent voltage inputs

(VDD L ¼ 5V and VDD H ¼ 10V) are supplied to the fabricated chip using a DC

Table 2. Various cases at the output.

Output case ON transistor Time period %Imax

Case 1 MP100, MP101, MP102 T11 0.75

Case 2 MP100, MP101 T12 0.50

Case 3 MP100 T13 0.25

Fig. 8. Die photo and °oorplan of the proposed AGD.

A 49.23% Power Reduction AGD
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power supply (Keysight EDU36311A). A waveform generator (Keysight 33500B)

produces the required 400 kHz INPWM input frequency to drive the proposed driver.

The oscilloscope (Teledyne LeCroy WaveSurfer 3104z), labeled in the measurement

setup image, visually displays the output waveforms of the fabricated chip. The

Power MOSFET used on the PCB for measurements is the IMW65R107M1H SiC

MOSFET from In¯neon.

The timing diagram of the proposed AGD depicted in Fig. 2 is veri¯ed in the post-

layout simulations, shown in Fig. 10 and in measurement as shown in Figs. 11 and 12.

It also illustrates various trigger levels and their corresponding control signals,

Fig. 9. Measurement environment of the chip.

Fig. 10. Power Gating analysis in post-layout simulations.

Fig. 11. Power Gating analysis in measurement for four cycles of INPWM.
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notably VPD½0:3�, output signals from the Pre-driver block. Figure 10 also shows a

correlation between the voltage trigger level and the on-time of the PMOS control

signal. The timing intervals T11, T12, and T13 serve as the starting points for the

various PMOS. As the voltage level rises in the OUTvgs signal, so does the number

of PMOS turned o®, resulting in lower static power consumption, as shown in the

post-layout simulation between intervals T11 and T13.

The measurement shown in Fig. 13 demonstrates when a 5V input signal INPWM

applied to the chip produced an output signal OUTLS achieving 10V. Figure 14

shows the four output signals from the Pre-driver block, VPD½0:3�, when the Power

Gating is disabled, showing the four PMOS transistors turning on and o® in sync

with the reference input signal. Figure 15 shows the measurement results of VPD½0:3�
when Power Gating is enabled. In the enable state, the power consumption is

Fig. 12. Power Gating analysis in measurement for one cycle of INPWM.

Fig. 13. AGD 10V output (OUTLS) with 5V input (INPWM).

Fig. 14. PMOS control signals without power gating.
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533 mW. These images also verify the e®ective operation of the proposed Four-stage

Stability Control Circuit and Pre-driver block within the driver architecture. The

transition sequence is illustrated using the numbers 1, 2, 3, and 4 to enhance the

visualization of the veri¯cation process. The label \1" indicates that the ON time of

the PMOS matches the ON time of the INPWM signal. Labels \2", \3", and \4" show

that the ON time gradually decreases according to the requirements of the OUTvgs

signal to be activated. This sequence also demonstrates that each PMOS turns on at

di®erent points depending on the voltage level of VDD L, as mentioned in the timing

diagrams in Figs. 2 and 7.

During the post-layout simulations, our design was evaluated across all PVT

corners using an INPWM frequency of 0.5MHz and a load capacitance of 2 nF. At the

worst-case corner, i.e., [FF, 1:1� ðVDDH; VDDLÞ, 0�C], the reduction in overall

power dissipation is 42.21%. At this corner, the Rise time (trise) was 261 ns, and Fall

time (tfall) was 234 ns.

In measurements, when the proposed AGD drives the IMW65R107M1H SiC

MOSFET from In¯neon with an INPWM frequency of 0.4MHz and 2 nF as load

capacitance, the average power dissipation Pdis total, i.e., combined static and dy-

namic power, is 533mW with Power Gating. However, it is 1.05W without Power

Gating. Hence, 517mW or 49.23% of overall power dissipation is reduced. Figure 16

shows the measured values of trise and tfall as 197.8 ns and 94.2 ns, respectively. The

high trise is due to the use of a Voltage Level Shifter in the proposed driver, which

shifts the control signals (VPD½0:3�) from the 0{5V range to the 5{10V range (Vls½0:3�)

Fig. 15. PMOS control signals with power gating.

Fig. 16. Rise time and Fall time measurements for an INPWM of 400 kHz.
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to drive the external Power MOSFET. This level shifting introduces propagation

delay and signal degradation, signi¯cantly a®ecting the PMOS rising edge and

transition speed. On the other hand, the tfall is signi¯cantly faster because the NMOS

pull-down path does not involve level shifting and bene¯ts from direct, faster

discharging of the load capacitor.

The reduction in INPWM frequency during measurements is due to the limitations

of Four-stage Stability Control Circuit. At higher clock frequencies, the shorter time

intervals between clock edges reduce the time available for signal transitions.

Because of a weak power line in the circuit, the output lines L13, L23, and L33 were

not driving the PMOS transistor (MP103) in the Output Stage properly, preventing

it from responding e®ectively under these conditions. To mitigate this issue, the

INPWM frequency shall be reduced.

Table 3 summarizes the performance comparison of the recent power MOS driver

designs. Referring to Table 3, 4:9� 1:05mm2 is the total core area of the proposed

design, which is relatively smaller than previous works.6,9,15 The power dissipation

of the previously reported design was 79.51mW, but this excludes the power

consumption of external FPGA and operates at low PWM frequency.6 Compared to

designs requiring external FPGA control (e.g., Ref. 6), our approach reduces overall

system complexity by eliminating the need for additional components.

4. Conclusion

An AGD single-chip design for driving power transistors implemented using

the TSMC 180-nm HV BCD process is presented in this paper. It incorporates

Multi-level Power Gating Logic and a Four-stage Stability Control Circuit. It is

validated through measurement outcomes, demonstrating an average power dissi-

pation of 533mW at 400 kHz PWM frequency. The AGD with the power gating

system achieves a notable power reduction of 49.23%, highlighting its e±cacy in

Table 3. Performance comparison.

15 4 6 9 This work

Year 2018 2019 2022 2023 2024

Publication JSSC TPE ISPSD MWSCAS

Technology (nm) 180 BCD CPLD 180 BCD + FPGA 180 T18HVG2 180 BCD
Driver type Passive Active Active Active Active

Veri¯cation Meas. Meas. Meas. Post Sim. Meas.

VDD (V) 15 20 and �5 1.8, 3.3 and 20 12 5 and 10

fPWM in (MHz) 1 9.2 0.1 0.5 0.4
trise (ns) 5.6 at 5V N.A. N.A. 153 at 12V 197.8 at 10V

tfall (ns) N.A. N.A. N.A. 187 at 12V 94.2 at 10V

Cload (nF) 2.7 N.A. 2 2 2

Chip area (mm2) 4:9� 2:3 N.A. 2:5� 2:5 4:515� 3:26 4:9� 1:05

Pdis total N.A. N.A. 79.51mWa 32,700mW 533mW

aPower consumption of FPGA is excluded.
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enhancing the e±ciency of the driver. In the future, to enhance design performance at

higher frequencies, the Power Retention Circuit of the hysteresis comparator can be

optimized to deliver high slew rate currents, thereby enabling faster transitions of

comparator. Additionally, the Four-stage Stability Control Circuit can be improved

by replacing the D-°ip °op with a Master-slave D-°ip °op. This modi¯cation could

provide better read and write margins, ensuring accurate data retrieval and gener-

ating output data on the subsequent clock edge. These enhancements would

contribute to improved system stability and greater robustness against noise.

Acknowledgments

The EDA tool employed by TSRI in NARLabs is widely acknowledged for its

excellence. NSTC of Taiwan partially funded this study under grants NSTC 112-

2218-E-110-009-, NSTC 112-2221-E-110-063-MY3, NSTC 112-2923-E-006-003-MY3

and NSTC 113-2923-E-110-001-.

ORCID

Chua-Chin Wang https://orcid.org/0000-0002-2426-2879

Pradyumna Vellanki https://orcid.org/0009-0000-0768-188X

L S S Pavan Kumar Chodisettii https://orcid.org/0009-0009-7310-8323

Lean Karlo Santos Tolentino https://orcid.org/0000-0002-8014-8229

References

1. J. G. Kassakian and T. M. Jahns, Evolving and emerging applications of power elec-
tronics in systems, IEEE J. Emerg. Sel. Topics Power Electron. 1 (2013) 47{58.

2. C.-C. Wang, O. L. J. A. Jose, P.-K. Su, L. K. S. Tolentino, R. G. B. Sangalang, J. S.
Velasco and T.-J. Lee, An adaptive constant current and voltage mode P&O-based
Maximum Power Point Tracking controller IC using 0.5-�mHVCMOS,Microelectronics
J. 118 (2021) 1{12.

3. Y. Han, H. Lu, Y. Li and J. Chai, Open-loop gate control for optimizing the turn-ON
transition of SiC MOSFETs, IEEE J. Emerg. Sel. Topics Power Electron. 7 (2019)
1126{1136.

4. Y. Yang, Y. Wen and Y. Gao, A novel active gate driver for improving switching
performance of high-power SiC MOSFET modules, IEEE Trans. Power Electron. 34
(2019) 7775{7787.

5. S. Zhao, X. Zhao, A. Dearien, Y. Wu, Y. Zhao and H. A. Mantooth, An intelligent
versatile model-based trajectory-optimized active gate driver for silicon carbide devices,
IEEE J. Emerg. Sel. Topics Power Electron. 8 (2020) 429{441.

6. W. T. Cui, W. J. Zhang, J. Y. Liang, H. Nishio, H. Sumida, H. Nakajima, Y.-T. Hsieh,
H.-H. Tsai, Y.-Z. Juang, W.-K. Yeh and W. T. Ng, A dynamic gate driver IC with
automated pattern optimization for SiC power MOSFETs, Proc. 2022 IEEE 34th Int.
Symp. Power Semiconductor Devices and ICs (ISPSD) (IEEE, 2022), pp. 33{36.

7. Y. Noge, M. Shoyama and M. Deng, Active gate driver for high power SiC-MOSFET
module with source current feedback and P-D controller, Proc. 2021 IEEE 12th Energy
Conversion Congr. Expo. ��� Asia (ECCE-Asia) (IEEE, 2021), pp. 1350{1353.

C.-C. Wang et al.

2550423-14

https://orcid.org/0000-0002-2426-2879
https://orcid.org/0009-0000-0768-188X
https://orcid.org/0009-0009-7310-8323
https://orcid.org/0000-0002-8014-8229


8. D. Liu, H. C. P. Dymond, J. Wang, B. H. Stark and S. J. Hollis, Building blocks for future
dual-channel GaN gate drivers: Arbitrary waveform driver, bootstrap voltage supply, and
level shifter, Proc. 2019 31st Int. Symp. Power Semiconductor Devices and ICs (ISPSD),
Shanghai, China, May 2019, pp. 79{82.

9. O. L. J. A. Jose, J.-M. Kuo, V. N. Kolakaluri and C.-C. Wang, SiC MOSFET high side
gate driver design using HV CMOS process, Proc. 2023 IEEE 66th Int. Midwest Symp.
Circuits and Systems (MWSCAS) (IEEE, 2023), pp. 45{49.

10. P. Vellanki, V. N. Kolakaluri, Y.-C. Chang, L. S. S. P. K. Chodisetti, M. M.-C. Chou and
C.-C. Wang, Active gate driver design using di®erential timing-based miller detector for
power MOSFET, Proc. 2024 IEEE Asia Paci¯c Conf. Circuits and Systems (APCCAS),
Taipei, Taiwan, November 2024, pp. 744{748.

11. K.-H. Cheng, W.-B. Yang and H.-Y. Huang, The charge-transfer feedback-controlled
split-path CMOS bu®er, IEEE Trans. Circuits Syst. II: Analog Digit. Signal Process.
46 (1999) 346{348.

12. B. Yuan, L.-Q. Xiao, B.-Y. Wang and J. Ying, High-speed dynamic level shifter for high-
side bootstrapped gate driver in high-voltage buck regulators, IEEE Trans. Circuits Syst.
II: Express Briefs 68 (2021) 3083{3087.

13. C. F. Lee and P. K. T. Mok, A monolithic current-mode CMOS DC{DC converter with
on-chip current-sensing technique, IEEE J. Solid-State Circuits 39 (2004) 3{14.

14. H.-Y. Huang and Y.-H. Chu, Feedback-controlled split-path CMOS bu®er, Proc. 1996
IEEE Int. Symp. Circuits and Systems (ISCAS) (IEEE, 1996), pp. 300{303.

15. A. Seidel and B. Wicht, Integrated gate drivers based on high-voltage energy storing for
GaN transistors, IEEE J. Solid-State Circuits 53 (2018) 3446{3454.

A 49.23% Power Reduction AGD

2550423-15


	A 49.23% Power Reduction Active Gate Driver with Digital Multi-level Power Gating Control
	1. Introduction
	2. Active Gate Driver with Digital Multi-level Power Gating Control
	2.1. Multi-level power gating: Concept and realization
	2.2. Four-stage stability control circuit
	2.3. Transition delay time generator
	2.4. PMOS control pre-driver and NMOS control pre-driver

	3. Simulations and Measurement Analysis
	4. Conclusion
	Acknowledgments
	ORCID
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


