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With the power architecture transition from a 12V to a 48 V
rack in modern data centers [1] there is an increased interest
in improving 48 V power conversion efficiency and power
density. In this context, DC-DC converters designed using
eGaN FETs provide a high efficiency and high density
solution. Additionally, with the advent of 48 V power
systems in mild hybrid, hybrid and plug-in hybrid electric
vehicles, GaN transistors can provide a reduction in size,
weight and BOM cost [2]. In this application note, we will
demonstrate how system optimization for a 48 V- 12V non-
isolated, fully regulated, intermediate bus converter (IBC)
can achieve higher power density and efficiency with eGaN
FETs. We will also take a detailed look at an eGaN FET based
multilevel topology that can further maximize the benefit of
using eGaN FETs over conventional silicon solutions.

For higher performance in 48 V applications [1,3-4], there
have been many different topological approaches ranging
from hard-switching [5-8] to highly resonant [9-12], fully
regulated to unregulated, and fully isolated to non-isolated.
A plot of efficiency performance vs density for the different
approaches with an output voltage of 12 V are shown in
figure 1. In general, resonant and soft-switching converters
provide the highest efficiency and power density but have
the least flexibility with regard to regulation and input
voltage variation. With the significant reduction in board
space occupied by the smaller GaN transistors, topologies
that require a greater number of active devices as a tradeoff
for reduced passive size also become attractive as passive
components are the main barrier to increased power density.
Switched capacitor circuits are good examples of topologies
that can effectively reduce or eliminate passive components
[13-19]. Following along the same lines, switched resonant
tank converters have also become popular [20,21].
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Power Density Barriers

For traditional buck converters, the inductor
size has been a well-known barrier to increased
power density. The ability of GaN devices to
increase switching frequency and reduce
passive size has been documented in previous
12V input POL designs [22, 23]. For 48V, the
voltage is increased by a factor of four, and
therefore the switching related losses are
increased by approximately four times for
switching commutation losses and 16 times
for output capacitance turn-on losses. When
combined with the higher required blocking
voltage of traditional power semiconductors
for 48 V, this leads to worse figures of merit, and
the need for an improved semiconductor is
clear. From figure 2(a), it can be seen that eGaN
FETs offer a significant four times reduction in
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switching figure of merit over state of the art Si
MOSFETs at 100 V. In figure 2(b), the measured
in-circuit performance of similar on-resistance
Si MOSFET and eGaN FET based 48V - 12V
buck converters is compared (with the same
inductor). The advantage of using eGaN FETs
at high frequency is very clearly demonstrated.

Impact of Inductor Selection on
Performance and Power Density

Forthe 48 V eGaN FET based buck converter, an
inductor optimization process was completed
for forty different inductors, covering nine
different series, from four different vendors.
The impact of inductor volume and frequency
on performance is shown for the three best
performing inductors based on their relative
volume in figure 3(a) [24]. It can be seen that

the smaller the inductor size, the higher the
optimal frequency and overall loss of the
power converter. This trend occurs because
switching losses are proportional to frequency
and inductor core loss is inversely proportional
to frequency. Higher frequency can lead to
lower relative system losses while [AP, 4,ctor | 1S
greaterthan | APyeyice,, | for a certain Af; . As the
inductor volume decreases, the relative loss of
the inductor is larger for the converter, pushing
the optimal frequency,and minimum loss point,
higher. The 3.3 pH inductance from series #4
IHLP-5050EZ-01 (Vishay), demonstrated a good
tradeoff in performance and power density,
and its system loss breakdown at a switching
frequency of 500 kHz, is shown in figure 3(b).
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Figure 2: (a) Figure of merit (FOM) comparison of GaN and Si devices for voltages from 30 V to 200 V and
(b) experimentally measured impact of frequency on power loss for 100 V EPC2045 GaN transistor and 100 V Si MOSFET based designs
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Figure 3. (a) Experimentally measured impact of frequency and inductance on system performance for GaN transistor based 48 V, to 12 Vo ,r non-isolated
IBC for three inductor series with varying volume where dot size is proportional to inductor current ripple (b) loss breakdown of 48 V;y to 12 V7
non-isolated IBC power loss breakdown plot of inductor series Vishay IHLP-5050EZ-01, L=3.3 uH, Power devices: EPC2045, Gate Drive: LMG1205
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The eGaN FET based non-isolated intermedi-
ate bus converter presented in this application
note, built using EPC2045 100 V eGaN FETs [24]
in Figure 3(b) achieves a power density over
1000 W/in3. The complete five-phase proto-
type is shown in figure 4(a) and its thermal
image when operating at full-load is shown in
figure 4(b).

Using a stronger gate drive [25] and improved
current sensing, the optimal switching frequen-
cy increases. By using a smaller volume induc-
tor (2.2 uH), the series #1 IHLP-4040DZ-01 from
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Vishay, a power density of over 1400 W/in3 can be
achieved with efficiencies approaching 96%, as
shown in figure 5(). The EPC9205 Dr GaNPlus de-
velopment board, a 13.5 mm x 22 mm x 48 mm
prototype, built using EPC2045 eGaN FETs, is
shown in figure 5(b).

For benchmarking purposes, a Si MOSFET
based design is compared with the EPC9205
prototype. The Si MOSFET design used the
same optimization procedure outlined ear-
lier. A switching frequency of 300 kHz and the
largest volume 5.6 pH inductor from series

Figure 4. (a) EPC9130 five-phase 48 V-12 V prototype, and

Vi =48V, Vi = 12V, Iy = 50 A, f,,, = 500 kHz

IHLP-5050FD-01 (Vishay) were selected for the
Si prototype. The electrical performance com-
parison with Si prototype is shown figure 6(a).
The full-load efficiency of the EPC9130 and
EPC9205 eGaN FET based prototypes is then
laid side-by-side in figure 6(b) with the state
of the artin 48V to 12V DC-DC power conver-
sion which has been discussed earlier in this
application note. The two graphs confirm the
expectation of higher performance achiev-
able with eGaN FETs.
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(b) its thermal image. Operating conditions: 400 LFM (2 m/s) forced convection, ambient temperature 25°C, thermal steady state.
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Figure 5. (a) Efficiency curves of 500 kHz EPC9130 and 700 kHz EPC9205 prototypes estimating inductor losses and

(b) picture of 1400 W/in3 EPC9205 prototype
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Figure 6: (a) Experimental 48V, —to-12 V5 electrical performance comparison between EPC9205 and Si prototype, and
(b) Electrical performance and power density comparison of EPC9130 and EPC9205 against state-of-the-art
commercial products and previously published research in 48 V - 12 V power conversion

Further Improving Performance with Multilevel Topologies

As mentioned earlier, multilevel topologies
offer a reduction in inductor size, which is the
main barrier to power density. Quantitatively,
we have:

where V| is input voltage, D is duty ratio, f,,,
is switching frequency, Al, is peak-to-peak
inductor current ripple. These equations are

plotted in figure 7(a), which clearly shows

with 50% duty being the operating condition
of a conventional switched capacitor circuit.
The inductor volume reduction when
compared to the EPC9130 (500 kHz) and

Viy(I—D)D the size reduction gained with a three-level ~ EPC9205 (700 kHz) prototypes discussed
Buck = A o (M topology over the entire range of duty ratio, earlier is shown in figure 7(b).
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Figure 7: (a) Inductor size reduction in a three-level buck, and
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Beyond inductance reduction, multi-level
topologies also reduce the effective voltage
stress. Using lower voltage rated devices in a
three-level topology offers greater advantage
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merit (FOM). This advantage is further enhanced
when using GaN transistors compared to silicon
[25]. The final three-level prototype, built using
EPC2015C40V eGaN FETs is shown in figure 8(a)

that high performance and high power
density is obtained using an eGaN FET
based multilevel solution. The prototype
in figure 8(a) can achieve a power density

in terms of semiconductor losses, since lower  and the efficiency comparison with EPC9205 approaching 2000 W/in3.
voltage rated devices have lower figures of  is shown in figure 8(b). This shows clearly
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Figure 8: (a) Three-level prototype built with EPC2015C eGaN FETs (40 V), and
(b) efficiency comparison to EPC9205
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