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H
igh power density has steadily ramped up since the 
latter part of the 1980s. Power converters are ever 
being made smaller in size and lower in weight. 
Good reasons for this miniaturization trend stem 

from demands in applications such as aerospace and satellites, 
and biomedical devices. And the industry continues to try to 
meet customer needs for portable power-supply devices like 
uninterruptible power supplies (UPS), desktop and laptop 
power supplies, portable battery chargers, power for telecom, 

information technology, and data servers.
What are some of the high-power-density power-supply 

design architectures that stand out in the industry? Let’s take 
a look.

10-kW/10-kVA Three-Level, Three-Phase SiC AC-DC 
Reference Design

This switching power converter design from Texas Instru-
ments (TI) will enable power designers to implement a three-

The Top Switching 
Converter Topologies for 
High Power Density
Power density of an AC-DC or DC-DC converter is typically measured in watts of power 
output/cubic centimeter. A higher power-density number is best when enabling more 
power in a given volume or a smaller size in a given power.

1. Shown is Texas Instruments’ TIDA-010039, three-level, three-phase SiC AC-DC converter reference design. (Image courtesy of Reference 2)
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phase, 10-kW/10-kVA, three-level, AC-DC, bidirectional 
functionality power converter, having digital control (Fig. 1). 

The switching frequency of 50 kHz, using silicon-carbide 
(SiC) MOSFETs, will shrink the magnetics for the filter de-
sign, leading to a higher-power-density converter design. 
SiC MOSFETs with lower switching losses, and a low peak 
efficiency of more than 97%, will be minimized to enable 
DC bus voltages as high as 800 V. 

T-Type Inverter
Each leg of a T-type inverter has four active switches and 

this module commercially available even with using wide-
bandgap (WBG) semiconductor devices like SiC or GaN de-
vices (Fig. 2). While the commercial availability of T-type in-
verter leg modules are more compact and lower cost, the use 
of WBG semiconductors will greatly increase their efficiency.

10-kW T-Type Inverter Using SiC MOSFETs
A T-type inverter is quite close in design to the three-level 

neutral-point clamped (NPC) inverter.5 The key features of 

the NPC inverter are reduced dv/dt and lower total harmon-
ic distortion (THD) in the AC output voltages. 

Compared to the two-level inverter, the NPC inverter 
has an additional output voltage level at 0 V, thus enabling 
improved harmonic performance over a standard two-level 
inverter. The T-type inverter also has a lower parts count due 
to the elimination of clamping diodes, along with reduced 
conduction losses of the outer switching devices (this is be-
cause only one device is used instead of two in series). 

The T-type inverter has a disadvantage in that the block-
ing voltage is lower than the NPC inverter because the outer 
switching devices are now no longer in series. This can be 
overcome by employing modern WBG devices.

Figure 3 depicts TI’s TIDA-01606 10-kW, bidirectional, 
three-phase, three-level (T-type) inverter and power-factor-
correction (PFC) reference board design. Figure 4 shows the 
schematic of the inverter.

GaN vs. SiC Power-Density Performance
Renewable power and electric vehicles demand high pow-

er density as well as high efficiency. 
In this vein, the dual-boost topol-

ogy (Fig. 5a) is a popular choice in 
high-power systems that exceed 1 kW. 
The introduction of SiC diodes, along 
with the latest generation of superjunc-
tion (SJ) MOSFET transistors, brought 
much sought after improvements in 
power density and efficiency. However, 
these gains have reached a plateau in the 
last 13 years. 

A totem-pole topology (Fig. 5b) can 
be a cost-effective alternative to the 
dual-boost PFC topology. It reduces the 
number of power devices and inductors 
by 50%, while significantly increasing 
the density and efficiency of the design. 

Totem-pole solutions can include 
power elements that use either SiC or 
gallium-nitride (GaN) devices. GaN of-
fers some advantages over SiC in this 
topology: 

• Zero reverse recovery: Unlike MOS-
FETs, GaN FETs have no P-channel or 
N-channel junction within their lateral 
structure. This means that there are no 
body diodes or associated reverse-re-
covery losses in MOSFET devices. SiC 
FETs experience reverse-recovery losses 
in their body diode. A typical SiC FET 
has greater than 85 nC of reverse-recov-
ery charge. 

3. In a three-level, three-phase, SiC-based, DC-AC, T-type inverter stage, the higher switching 

frequency of 50 kHz has reduced the size of the magnetics for the filter design, thus enabling 

a higher power density. (Image courtesy of Reference 4)

2. This is a three-phase, three-level, T-type inverter structure. (Image courtesy of Reference 4)
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• Lower switching energy: Switching energy of GaN de-
vices is more than 50% less than that of SiC devices, lead-
ing to lower losses in the PFC stage. GaN is able to achieve 
switching frequencies higher than 1 MHz in critical totem-
pole applications. 

• Faster switching speeds: The latest generation of GaN 
devices, which have integrated gate drivers, are able to 
switch as fast as 150 V/ns. This results in an 82% reduction 
in losses when compared to SiC devices, and a reduction in 
losses of 63% versus discrete GaN FETs. 

• Lower dead-time losses: While in PFC-mode operation, 
there will be a short period in each switching cycle known as 
“dead time.” This means that neither of the two switches in 
the half bridge will be turned on. The duration of this dead-
time period, and the associated voltage and current, will di-
rectly result in losses during each cycle. These losses can be 
lowered via a  complex control algorithm, such as adaptive 
dead time. With the availability of advanced driver features, 
like the ideal-diode mode, it’s possible to lower dead-time 
losses by more than 67%, as compared to both SiC and dis-
crete GaN implementations, with no need for complex firm-
ware or hardware control.

Figure 6 shows a loss breakdown between a dual-boost SJ 
PFC, a totem pole with SiC power devices, and a totem pole 
with GaN power devices. In this application, GaN will have 
the lowest losses with the highest efficiency. These advantag-
es enable designers to achieve high-power-density designs, 

5. Comparison of a dual-boost PFC (a) and a totem-pole PFC (b). 

(Image courtesy of Texas Instruments)

4. Shown is a schematic 

of the 10-kW inverter 

POWERCARD in Fig. 3 

using TI SiC MOSFETs. 

(Image courtesy of Ref-

erence 2)
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while significantly reducing the size and cost of the neces-
sary cooling components like fans and heatsinks. 

Summary
When MOSFET power transistor devices appeared on the 

scene, power circuit designers were able to enhance their 
power electronics designs as never before. Fast forward to 
the introduction of GaN and SiC power devices, designers 
now had new tools with which power designs could reach 
new levels of performance. Higher voltage and current ca-
pabilities emerged along with higher efficiency and higher 
figure of merit (FOM) switching. 

A price disparity still exists between SiC and GaN switch-
es. Thus, designers will make their choices depending on 
their application and other system considerations, such as 
energy savings over time from savings in efficiency. 
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6. The chart compares a 1-kW PFC loss breakdown between power devices with a dual-boost 
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ments)

☞LEARN MORE @ electronicdesign.com | 4

https://www.sciencedirect.com/journal/materials-today-proceedings/vol/46/part/P9
https://www.researchgate.net/publication/326363329_Three-phase_three-level_T-type_grid-connected_inverter_with_reduced_number_of_switches
https://www.researchgate.net/publication/326363329_Three-phase_three-level_T-type_grid-connected_inverter_with_reduced_number_of_switches
https://www.sciencedirect.com/science/book/9780128216682
http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF

