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Abstract - High-speed GaN gate drivers in half-bridge setups
generate extreme voltage slew rates at the floating high-side
node, compromising traditional level shifter reliability. Pulse-
triggered designs face fundamental trade-offs between transfer
delay reduction and common-mode transient immunity
(CMTI) enhancement. This paper proposes a dynamic MUX-
driven level shifter that senses internal latch nodes and high-
side switch status to adaptively reconfigure current paths.
During signal propagation, it enhances latch drive for
accelerated transfer; during high-CMTI noise intervals, it
maintains differential current balance to reject disturbances.
Fabricated in 180 nm BCD process, the circuit achieves 886 ps
delay and 200 V/ns CMT]I, outperforming traditional PTAC
designs for GaN applications.

Keywords—GaN, Level shifter, Common-mode transient
immunity, Transfer delay, Gate driver

I. INTRODUCTION

In recent years, wide-bandgap (WBG) semiconductors
such as gallium nitride (GaN) and silicon carbide (SiC) have
emerged as key candidates to replace traditional silicon-
based power devices in power conversion systems. Their
superior material properties, including low on-resistance,
low junction capacitance, and high-temperature operation
capability, enable significant performance improvements in
both switching frequency and overall system efficiency [1],
[2].

However, the high switching speed of these devices
introduces a critical challenge in gate driver design: severe
common-mode transient noise. As illustrated in the half-
bridge topology in Fig. 1, GaN power devices are
exclusively implemented as N-channel HEMTs due to
material physics constraints, with no viable P-channel
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Fig. 1. Block diagram of Half bridge GaN Gate Driver

counterpart. Consequently, both the high-side (Mus) and
low-side (Mrs) switches must be N-channel devices. To turn
on the high-side switch, its gate voltage must exceed its
source voltage (Vssu), which swings between 0 and VBUS.
This necessitates a floating gate drive supply, typically
implemented with a bootstrap circuit and a high-voltage
level shifter for signal transmission.

When the low-side switch (Mrs) turns off and the high-side
switch (Mmus) turns on, Vssy rises sharply from 0 to Vgus,
inducing a large dv/dt event. This noise can corrupt the logic
state of the level shifter, resulting in erroneous outputs.
Therefore, developing robust dv/dt mitigation techniques is
essential for reliable gate driver operation [3], [4], [5].

Vopr = Vssu + Cpsr (D

Fig. 2. (a) shows the schematic of a traditional PTAC level

shifter consisting of low-voltage (LV) and floating-voltage
(FV) domains. In the LV domain, a pulse generator converts
the rising edge of the input signal into a short pulse to
minimize power consumption. High-voltage MOSFETs
NLDM; and NLDMy reside in the LV domain and serve as
interface transistors between the LV and FV domains.
NMOS and PMOS transistors in the FV domain are of equal
size and operate as current mirrors, replicating the current
signal from the NLDMOS into the FV domain.
To analyze the rising edge operation, this period is defined
as the signal phase. During the signal phase, the pulse
generator applies a short pulse to the gate of NLDM,.
Assuming the initial state of the inverter latch is Vx = High
and Vy = Low, PM3 and NM3 replicate the current from PM;,
pulling down Vx and pulling up Vy, respectively.
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Fig. 2. Schematic of traditional high voltage level shifter under
(a) signal phase (b) common-mode transient phase

Consequently, the output signal Vourp transitions from
Low to High, and the high-side switch Mgys turns on
completely, causing Vssu to rise to Vpys. The discharge
speed of the Vx node can be improved by increasing the pull-
down current Inms and decreasing the pull-up current of the
latch. The increase in Inms3 is achieved by enlarging the size
of NLDM; and increasing the current mirror ratio in the FV
domain, while the pull-up current is reduced by decreasing
the inverter size within the latch. Through transistor sizing,
transfer delay can be minimized.

In the FV domain, Vpp is supplied by an external bootstrap
structure. When Mys turns on and the floating ground (Vssu)
rises sharply, Vppu also rises steeply. This simultaneously
increases the drain voltage of NLDM; and NLDMy,
generating a noise current Inoise as shown in Fig. 2(b). This
period is defined as the common-mode transient phase.

dv
dt

2

Inoise=Cp -

If the circuit were perfectly symmetric, PM3, PMg, NM3,

and NM; would replicate identical noise current Inoisg, and

due to the cross-coupling structure, this noise current would
be canceled at the Vx and Vy nodes with no adverse effect.

However, even symmetrically designed circuits suffer from

inevitable process-induced mismatch in electrical
performance. Mismatch between NLDM; and NLDM4
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generates slightly different noise currents Inoise during the
common-mode transient phase. Transistors in the FV domain
experience current mirror mismatch, resulting in incomplete
cancellation of noise current, with residual current flowing
into the Vx and Vy nodes. Fortunately, if the latch is
sufficiently large, the uncompensated noise current is
absorbed by the latch. However, larger noise currents require
larger latches to absorb the residual current.

Based on this analysis, to generate less Inoise during the
common-mode transient phase, the sizes of NLDM; and
NLDMy should be minimized; conversely, to maintain high
CMTI, the latch must be enlarged [6], [7].

As shown in the foregoing analysis, the design
requirements for achieving low transfer delay and high
CMTI immunity are fundamentally contradictory.

Minimizing delay during the signal phase requires large
coupling transistors and a small latch. Conversely,
maximizing CMTI immunity during the common-mode
transient phase demands small coupling transistors and a
large latch. This inherent trade-off in traditional level shifter
architectures makes it impossible to simultaneously optimize
both performance metrics. Therefore, this work proposes a
novel architecture designed to resolve this conflict.

II. DESIGN METHODOLOGY

A. Proposed Adaptive Control Level Shifter

To overcome the fundamental trade-off between transfer
delay and CMTI immunity inherent in traditional PTAC
level shifters, this paper proposes a MUX-driven adaptive
level shifter as depicted in Fig. 3. The proposed circuit
extends the traditional PTAC architecture by incorporating
two 2:1 MUXes and critical current-control transistors in the
floating-voltage (FV) domain. These additional circuits
sense the state of internal node voltages (Vx, Vy) and the
high-side switch gate voltage (Vus), and dynamically control
circuit operation to adaptively optimize performance during
both the signal and common-mode transient phases.

B. Signal phase operation

During the signal phase when input signal (V) is applied,
the circuit operates to minimize transfer delay. As shown in
Fig. 3(a), when the rising edge of the input signal generates
a signal current (Isignar) through the pulse generator, PM3,
PM., NM3, and NMy replicate the current from PM;. The
initial state has Vx = High and Vy = Low. During the signal
phase, Vus remains Low, so the MUX outputs are V5 = Vy
(High) and Vs = Vx (Low). Consequently, only PMs and
NMs among the four MUX-controlled MOSFETs (PMs,
NMs, PMig, NMj) turn on, creating an additional current
path to drive the inverter latch.

This acceleration effect enables the latch to transition much
faster than in traditional structures, thereby reducing overall
transfer delay.
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Fig. 3. Schematic of proposed high voltage level shifter under
(a) signal phase (b) common-mode transient phase

C. Common-mode transient phase operation

Following the signal phase, when the level shifter's High
output is delivered to the high-side switch Mgys, the half-
bridge configuration causes VSSH to rise rapidly, generating
common-mode transient noise current Inoise. As shown in
Fig. 3(b), during the common-mode transient phase, internal
node voltages are Vx = Low and Vy = High, with the high-
side GaN switch Mpys turned on, so Vus = High.
Consequently, the MUX outputs transition to Va = Vx and
Vs = Vy, maintaining Low and High values, respectively.
The current flowing into the Vx and Vy nodes is expressed
by the following equation.

Iy = Ipys - Iz - Inva 3)

Iy = Ipys + Iy - Inus 4)
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Fig. 4. Simulated transient waveforms of the proposed level shifter
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Fig. 5. Post-layout CMTI simulation results of (a) traditional level shifter
(b) proposed level shifter
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Fig. 6. Corner simulation result of proposed level shifter

Current flowing into the Vx and Vy nodes is replicated by
current mirrors reflecting Inoise. During the common-mode
transient phase, the Vx node remains pulled down and the
Vy node remains
pulled up, ensuring that no logic errors occur even under
severe common-mode transient conditions.

Fig. 4 shows the transient simulation waveforms of the
proposed level shifter. When the input PWM signal Viy is
applied, the MUX-driven controller pulls down the Vx node
and pulls up the Vy node during the signal phase using an
additional current path incorporated to improve transfer
delay. As Vus subsequently rises and the circuit enters the
common-mode transient phase, Vssy increases and Inoisk.
However, the MUX-driven control cancels the malfunction-
inducing noise current, maintaining Vx at a low level and Vy
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at a high level. In this condition, the reported transfer delay
of 886 ps represents the propagation delay from the 50%

crossing of the low-voltage input PWM signal V;y to the 50%

crossing of the level-shifted output Vyyrp in the high-
voltage domain. The delay was evaluated under the load
condition of 1{F load capacitor.

Fig. 5 presents the Post-layout CMTI simulation results.
The CMTI is evaluated by ramping the Vssu voltage at 200
V/ns in simulation and then monitoring the output signal of
the level shifter. The traditional structure fails to sufficiently
suppress the Inoise current, resulting in logic errors during
the common-mode transient phase. In contrast, as shown in
Fig. 5 (b), the proposed structure successfully cancels Inoisk,
preventing unintended inverter latch switching and
eliminating malfunction even under severe common-mode
transient  conditions.  Consequently, the proposed
architecture achieves high CMTI robustness by eliminating
the possibility of logic failure caused by process-induced
mismatch or asymmetric layout commonly observed in
traditional structures.

Fig. 6 shows the corner-simulation results of the proposed
level shifter under nine PVT conditions, including TT, FF,
and SS corners at 27 °C, -40 °C, and 150 °C. In all simulated
cases, the proposed level shifter maintained correct output
transitions without logic failure. The propagation delay was
886 ps at the nominal TT corner and increased to 1.36 ns in
the worst-case condition of SS at 150 °C, confirming robust
operation against process and temperature variations.

Thus, the proposed Dynamic MUX-driven adaptive level
shifter senses the circuit's internal state in real time and
dynamically reconfigures current paths through the MUX,
successfully resolving the trade-off between transfer delay
and noise immunity—a fundamental limitation of existing
technologies.

III. SIMULATION RESULTS AND DISCUSSIONS

The proposed level shifter and gate driver were implemented in
DB Hitek’s 180 nm 30 V BCDMOS process using 5 VSVT CMOS
and 30 V LDMOS devices, as shown in Fig. 7. Post-layout
simulation results show that the proposed circuit operates robustly
under common-mode transients of up to 200 V/ns at Vssu and
achieves a transfer delay of 886 ps. In addition, under nominal
conditions, the energy per transition, Er , drawn from the FV-
domain and LV-domain supplies was 70.97 pJ and 6.18 pJ,
respectively, resulting in a total energy per transition of 77.15 pJ.
Under the same conditions, the conventional PTAC structure
exhibited logic malfunction at 200 V/ns, whereas the proposed
MUX-driven structure maintained stable latch operation without
spurious switching. These results demonstrate that the proposed
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adaptive MUX control effectively mitigates the tradeoff between
transfer delay and CMTI discussed in Section II. Furthermore,
Table I compares the proposed structure with previously reported
level shifters in terms of process, supply voltage, energy per
transition, delay, and CMTI.

TABLE I. Comparison with Previous Work

[8] [9] This work
(simulated) (simulated) (simulated)
Process 0.5 um 0.35 pm 180 nm
HVCMOS HVCMOS BCDMOS
Voon [V] 25 10 30
Er([pJ] 50 10 77.15
ta [ps] 1700 1260 886
CMTI [V/ns] - 200 200

IV. CONCLUSION

This paper presented a MUX-based adaptive level shifter to
address the trade-off between transfer delay and CMTI in GaN gate
drivers. By dynamically controlling current paths based on node
voltages and phases, the design achieves fast response during the
signal phase and strong noise immunity during the common-mode
transient phase. Simulation results demonstrated improved delay
and CMTI up to 200 V/ns compared to traditional designs. This
work offers a practical solution for reliable high-speed gate drivers
with wide-bandgap semiconductors.

ACKNOWLEDGMENT

The chip fabrication and EDA Tools were supported by the IC
Design Education Center (IDEC).

REFERENCES

[11J. Zhu, D. Yan, S. Yu, W. Sun, G. Shi, S. Liu, and S. Zhang, “A
600 V GaN active gate driver with dynamic feedback delay
compensation technique achieving 22.5% turn-on energy
saving,” in IEEE Int. SolidState Circuits Conf. (ISSCC) Dig.
Tech. Papers, vol. 64, Feb. 2021, pp. 462—464.

[2] S. Yu, Q. Zhou, G. Shi, T. Wu, J. Zhu, L. Zhang, W. Sun, S.
Zhang, N. He, and Y. Li, “A 400-V half bridge gate driver for
normally-off GaN HEMTs with effective dv/dt control and high
dv/dt immunity,” IEEE Trans. Ind. Electron., vol. 70, no. 1, pp.
741-751, Jan. 2023.

[3] J. Wittmann, T. Rosahl and B. Wicht, "A 50V high-speed level
shifter with high dv/dt immunity for multi-MHz DCDC
converters," ESSCIRC 2014 - 40th European Solid State
Circuits Conference (ESSCIRC), Venice Lido, Italy, 2014, pp.
151-154

[4] J. Cao, Z. -k. Zhou, Z. Wang, H. Tang and B. Zhang, "Design
Techniques of Sub-ns Level Shifters With Ultrahigh dV/dt
Immunity for Various Wide-Bandgap Applications," in /EEE
Transactions on Power Electronics, vol. 36, no. 9, pp. 10447-
10460, Sept. 2021

[5] C. Xu, P. Fu, G. Wang, X. Liao, L. Liu, A high-speed level
shifter with adaptive positive dV/dt noise blanker for GaN-
based buck converters, Microelectronics Journal, Volume 166,
Dec. 2025



IDEC Journal of Integrated Circuits and Systems, VOL 12, No.2, April 2026

[6] D. Liu, S. J. Hollis, H. C. P. Dymond, N. McNeill and B. H.
Stark, "Design of 370-ps Delay Floating-Voltage Level Shifters
With 30-V/ns Power Supply Slew Tolerance," in/EEE
Transactions on Circuits and Systems II: Express Briefs, vol. 63,
no. 7, pp. 688-692, July 2016

[71Y. Yang, M. Huang, S. Du, R. P. Martins and Y. Lu, "A Level
Shifter With Almost Full Immunity to Positive dv/dt for Buck
Converters," in [EEE Transactions on Circuits and Systems I:
Regular Papers, vol. 70, no. 11, pp. 4595-4604, Nov. 2023

[8]Y. Li, C. Wen, B. Yuan, L. Wen, and Q. Ye, “A high speed and
power- efficient level shifter for high voltage buck converter
drivers,” in Proc. IEEE ICSICT , Nov. 2010, pp. 309-311.

[91Y. Qinet al., “A 50-V 50-MHz high-noise-immunity capacitive-
coupled level shifter with digital noise blanker for GaN drivers,”
IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 70, no. 5, pp.
2215-2227, May 2023.

Heechan Ahn received the B.S. degree
in electronic engineering from Hanyang
University, Ansan, Korea, in 2024. He is
currently working toward the M.S.
degree in electronic engineering at
Hanyang University, Ansan, Korea. His
current research interests include
integrated power managements ICs

—
x design and high-performance DC-DC

¥ - -~

Converter design.

Jeongjin Roh (Senior Member, IEEE)
received the B.S. degree in electrical
engineering from Hanyang University,
Seoul, South Korea, in 1990, the M.S.
degree in electrical engineering from
Pennsylvania State University, in 1998,

1

‘. and the Ph.D. degree in computer
g~ engineering from The University of
V‘ Texas at Austin, in 2001. From 1990 to
\ - g 1996, he was as a Senior Circuit Designer
W Al for mixed-signal products with Samsung

Electronics, Giheung, South Korea.
From 2000 to 2001, he was a Senior Analog Designer for delta-
sigma data converters with Intel Corporation, Austin, TX, USA. He
joined the Faculty of Hanyang University, Ansan, South Korea, in
2001. His research interests include power management circuits
and oversampled delta-sigma converters.

51

http://www.idec.or.kr





