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In Pursuit of Robust,
Higher-Speed Power
Designs with GaN

Gallium-nitride power designs have triple the power of silicon with half the weight and
size, plus the added bonus of 20X the speed of silicon.

raditional power transistors have long contributed
to power losses (aka lower efficiency) in switching
power-supply designs. Lossy power switching and
conduction that occur in these power transistors fall
into two categories:
Switching losses: Power transistors are typically a main con-
tributor to power losses within a switching power supply.
Conduction losses: These losses are usually caused by a
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flow of current when the transistor is on, along with switch-
ing losses that typically occur in the transition between off
and on states

When GaN transistors are turned on, they will look like a
resistance that’s between the source and drain. This is typi-
cally referred to as the on-resistance (Rpg(,y))- Conduction
losses are proportional to Rpg(op)-

Some GaN Applications

GaN usage in a low-voltage isolated
DC-DC converter for aircraft provides
excellent power density. To achieve a high
power density, each stage of the power
converter must be optimized to get full
benefit of the topology that’s chosen.

For example, a MORE Electrical Air-
craft (MEA) needs a solid power density
coupled with a 270-V DC high-voltage
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DC (HVDC) bus along with a 28-V DC
bus that has a low-voltage DC (LVDC)
battery for safety (Fig. 1).

The high-voltage 270 V DC reduces the
volume and mass for the aircraft electrical
network.

Three topologies were selected:

« DAB (dual active bridge)

« LCC (resonant topology with series

and parallel capacitors)
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« LLC (resonant topology with series
and parallel inductors)

1. Shown is a low-voltage battery system with a DC-DC converter. (S. Car-

couet; J. Ecrabey, Image courtesy of Reference 3)

There will be a compromise between
component values, resonant current,
and voltage across the passive compo-
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nent, which leads to the 8-kW converter in Figure 2 being

sized as a single converter.

The Winner is LLC

The best choice was the LLC, which is better suited to
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reach a high mass power density even though an added
high-frequency (HF) capacitor was required (this capacitor
element ensures that no saturation will occur in the trans-
former) (Fig. 3).

Because the output current is critical, the converter design
is split into four modules, each with 2
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kW in parallel. This was done because:
o Avoidance of paralleling GaN de-
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along with a powerful optimization of
the converter, will lead to a power den-
sity of almost 2kW/kg. This is a success-
ful objective for a power converter in an
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2. Depicted from top to bottom are the LLC, LCC, and DAB topologies. (S.
Carcouet; J. Ecrabey, Image courtesy of Reference 3)
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aircraft application (Fig. 4).
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3. These are the characteristics for an 8-kW converter in
a single module. (S. Carcouet; J. Ecrabey, Image courtesy

of Reference 3)

©  GaN for LiDAR

Light detection and ranging (LiDAR)
has a plethora of applications, such as
drones, automotive, robotics, retinal
imagers, speed measurement devices, range finders, survey-
ing equipment, and many more. 4

LiDAR has a transmission system that sends out a brief
high-current light pulse. This pulse bounces off objects and
subsequently returns to a receiver. The time between the sig-
nal leaving the transmitter and returning is used to calculate
the total distance that the pulse has traveled.

Transmitting signals faster will lead to higher-accuracy
results because more data can then be interpreted by the
receiver. Gate drivers are important here since theyre able
to send multiple pulses at very high speeds, leading to high-
frequency operation.

Low-side drivers tend are quite common for LIDAR ap-
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plications. Texas Instruments has two Voltage
recommended GaN gate drivers for LI-  roference
DAR: the LMG1020 and LMG1025-Q1. A
These two gate drivers enable high-fre- 1> Iq " 1 Ce il e—
quency applications, nanosecond pulse : '
widths, and a short propagation delay. Current loop
They will drive a FET to produce an op-
tical laser pulse of less than 1.5 ns at a
power higher than 100 W.
Some of the key components of the Li-  Ibat ref
DAR reference design in Figure 5 include [
a pulse-shortening buffer that creates Ibat
nanosecond pulse widths, an LMG1020 measure
GaN FET gate driver that drives a GaN : .
FET to produce 60-A 1-ns laser optical 4.Shown is an LLC module with regulation. (Image courtesy of Reference 3)
pulses exceeding 100 W, and a laser di-

Voltage loop

5. The block
it %f,i,"s? TIDA-01573 diagram of a general
i LIDAR application,
/ Laser Diode Driver \ tTaIk;X from the ]
-01573 refer-
System Supply <] wmG1020 ence design. (Texas
=i E?ﬁa\,r:, 7] St Instruments, Image
courtesy of Refer-
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6. This is the TIDA-01634 multi-MHz GaN power-stage reference design
for high-speed DC-DC converters. (Texas Instruments, Image courtesy
Dead time setup of Reference 5)
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ode.* The driver pulses the GaN FET on and off so that the
laser diode can send multiple pulses that will map objects
and their distances.

GaN in a High-Speed Synchronous Buck DC-DC Power
Converter

GaN HEMTs are featured in a multi-MHz power design
tailored for high-speed DC-C converters.” Texas Instru-
ments’ LMG1210 is a half-bridge GaN driver that uses GaN
power HEMTs. Applications include 5G telecom power, in-
dustrial power supplies, and telecom servers (Fig. 6).

The Benefits of GaN in Power Design

The power of GaN enables robust power designs, and
GaN devices also help achieve smaller size with higher ef-
ficiency in such designs. The technology improves conduc-
tion losses and reduces switching losses.

Furthermore, GaN doesn’t have a body diode to lower
losses obtained during dead-time. The current that would
flow through the body diode of a silicon transistor will now
flow through the Rpg(,,) with GaN. This substantially re-
duced the losses incurred during dead-time.
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