Fully Integrated GaN-on-Silicon Gate
Driver and GaN Switch with Temperature-
compensated Fast Turn-on Technique for

Improving Reliability
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Abstract

Recently, due to the inherent advantages of gallium
nitride (GaN) over traditional silicon (Si) transistors,
power converters based on GaN has rapidly increased.
For example, 650V enhancement mode GaN (eGaN) high
electron mobility transistor (HEMT) has the following
advantages: (1) high voltage stress. (2) low parasitic
capacitance. (3) low on-resistance (Rqy). (4) no reverse
recovery charge loss. Thus, high switching operation by
the GaN switches can provide high power density and

compact size solution.

However, migrating the design of power converters from
Si-based to GaN-based will bring many improvements,
which require consideration of all components in the
system. This consideration has led to the growth of the
power converter design ecosystem that supports GaN-
based designs. GaN-based power converters have many
advantages, such as high efficiency, high power density,
and the cost of converters is lower than that of silicon-
based power converters. The characteristics of GaN
HEMTs have started to renew the development of power
converter, which is enabling higher switching frequency
operation and higher transfer power density than the
previous slower switching, bulkier silicon processes. For
example, one of the applications using GaN HEMTSs is
the envelope tracking supply modulator (ETSM) system.
Because in the field of 5G, the ETSM system needs to
achieve an operating frequency close to 100MHz to
optimize the overall efficiency. Using integrated GaN
driver and GaN switch can break through the limitations
of traditional silicon process. In these applications, GaN
HEMTs are used to complete the entire system of gate
driver with GaN switch and has recently become more and

more competitive.
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However, today’s GaN HEMT has serious process defects,
especially depending on the selected substrate. Thus,
under temperature influences, they will seriously
aggravate the hot carrier injection and trapping effects,
and the two-dimensional electron gas (2DEG) layer in the
GaN HEMT will weaken over time. The Ry, and threshold
voltage (Vyye) of 650V GaN HEMT gradually increase to
rapidly decline the reliability.

The project proposes a fully integrated GaN-on-Silicon
gate driver and GaN switch. First, the temperature-
compensated fast turn-on technique (T-compensated
FTO) control loop can alleviate the temperature effect.
Besides, the slew rate enhancement technique in the
cascaded inverters can generate a sufficiently high control
voltage (Voy) to achieve fast turn-on and provide enough
I to charge the V; before T-compensated FTO technique
starts. Second, the proposed regulator can provide a high
and stable internal voltage for internal circuits because
of the low-frequency gain of 60 dB and phase margin of
64 degrees can be guaranteed. Furthermore, the Miller
plateau voltage can be tracked correctly by the proposed
controller so that the switching frequency can be raised
up to 50MHz and the dVs/dt slew rate can reach 118.3V/ns
for high efficiency and high switching operation.

Slew-rate
enhancement driver
Ve

Device symbol
oL
L 3

650VeGaN 12VeGaN

generator [Veloen

A Fig. 2 Proposed fully integrated GaN driver structure





