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Even so, there are a number of factors such

as transient response, efficiency, environ-

mental conditions, or mechanical packaging

that can influence the final choice of convert-

er [2]. In this article, we will look at a particu-

lar subset of isolated DC-DC converter, the

“brick” converter, which is perhaps, the most

widely adopted format in the computer and

telecommunications industries.

Brick Converters:

As these types of converters are of a defined

size, designers are motivated to come up

with innovative ideas to increase their output

power and power density. For example, with-

in the spectrum of eighth brick converters

there are numerous input and output voltage

configurations, topologies and output range

tolerances (regulated, semi-regulated or un-

regulated), and they all have a very similar

maximum power loss between 12-14 W at

full power. Eighth Brick converters have a

standard 58 x 23 mm  (2.3 x 0.9 inch) foot-

print which sets the physical limit based not

only on the fixed volume of the converter,

but also on the common method of heat

extraction. Thus, for an eighth brick convert-

er that is 90% efficient (η = 0.9) at full load,

the maximum output power (assuming 14 W

loss) will be:

Poutmax = Pmax loss x η/(1-η) = 

14 W x 0.90/(1-0.90) = 126 W.

If the efficiency can be improved by 3%, the

output power is increased to 186 W.  That’s

48% more output power!

It is possible to reduce the power loss in the

magnetic components by increasing the

operating frequency.  However, this is not

normally done because the increase in the

silicon MOSFET switching losses outweighs

the potential improvement. For that reason,

the operating frequency is typically reduced

to the point where the magnetic structure’s

size is maximized within the overall brick’s

size constraints. This lower frequency limit

can be a significant constraint when fast

transient response is needed to react to

rapid changes in the load.

A common topology that we can use to

explore the capabilities of eGaN FETs in iso-

lated DC-DC converters is a full-bridge pri-

mary side and a synchronous rectifier sec-

ondary side.  The test vehicle chosen was a

fully regulated eighth brick with a nominal

input voltage of 48 VIN, and an output of 12

VOUT.  It is shown that eGaN FETs enable

the user to significantly improve efficiency,

and therefore power output and cost, while

maintaining the required size constraint of an

eighth brick.

The eGaN FET-based eighth brick converter

developed for this article is not necessarily

an optimal solution. The design goal was to

deliberately push the operating frequency

higher than current commercial systems to

show that eGaN devices could enable some-

one skilled in power supply design to take

advantage of the superior switching charac-

teristics in developing next-generation prod-

ucts that are smaller and have a faster tran-

sient response.

Description

The phase-shifted full-bridge (PSFB) con-

verter with a full-bridge synchronous rectifier

(FBSR) topology is shown in Figure 1. The

objective was to show that, due to their rela-

tively small device size, a significant number

of eGaN FETs could be used within the

restrictive eighth brick size limitations. 
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Eighth Brick DC-DC Converter
Using Efficient GaN Transistors

In this article, we show that using GaN Transistors such as Efficient Power Conversion’s
eGaN® FETs [1] can improve the efficiency of isolated eighth brick DC-DC converters.

This type of power converters is used extensively in mainframes, servers and telecommu-
nication systems, and is available in a variety of sizes, output power capability, and input
and output voltage ranges. It’s modularity, power density, reliability and versatility have

simplified the isolated power supply market.

By Johan Strydom Ph.D., Vice President of Applications Engineering, 
Efficient Power Conversion Corporation

Figure 1:  Eighth brick fully regulated, phase shifted full bridge (PSFB) topology, with full
bridge synchronous rectification (FBSR) using eGaN FETs
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The choice of transformer turns ratio

(5:2) means that, at 60 VIN, the sec-

ondary side winding voltage is only

24 V but the overshoot can be as

high as 60 V without a clamp. For

this reason 100 V devices were

used on both the primary and the

secondary sides.  

The final circuit is a 12 V output, 

375 kHz phase-shifted full bridge

(PSFB) eighth brick converter with a

maximum output current of 17 A and

a 36 V to 60 V input voltage range.

The demonstration board

(EPC9102) features the EPC2001

enhancement mode (eGaN®) field

effect transistors (FETs) [3], as well

as the first eGaN FET specific inte-

grated circuit driver – the LM5113

from Texas Instruments [4].   A com-

plete block diagram of the circuit is

given in Figure 2 and the actual

eighth brick is shown in Figure 3 [5].

Note that the significant amount of

‘green’ space (unfilled PCB area)

could certainly be further exploited to

improve efficiency.

Eighth Brick Performance

Efficiency and power loss results are shown in figure 4 and figure 5

respectively and are compared against a comparable, commercially

available silicon-based eighth brick [6]. Despite the eGaN FET con-

verter operating at 50% higher frequency, it is able to produce 33%

more output power for the same power loss. 

Thermal considerations

The eighth brick PCB thermal images for steady state full load opera-

tion are shown in Figure 6 (a), (b), and (c). Operation without forced-

air cooling is possible for limited power operation and quickly

becomes thermally limited. Addition of airflow improved the power

handling significantly, and with an airflow 400 linear feet per minute

(LFM), and 200 W output power delivered to the load, the maximum

temperature of the FETs on the board is approximately 104°C, safely

below the 125°C maximum for the device.

(a) 48 VIN, 8 AOUT, 96W, convection cooled

(b) 48 VIN, 15 AOUT, 160 W, 200LFM airflow

(c) 48 VIN, 17 AOUT, 200 W 400LFM airflow

Summary

An eGaN FET-based fully regulated eighth brick converter is signifi-

cantly more efficient than its MOSFET-based counterpart that enables

33% more output power at a 50% higher switching frequency.

More improvement is possible.  For example, the full-bridge synchro-

nous rectifier, using 100 V eGaN devices, could be changed to a

center-tap with two devices in parallel (similar to the MOSFET-based

design). Instead of the output inductor current flowing through two
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Figure 2: Block Diagram of EPC9102 Demonstration Board

Figure 5: Power loss comparison between eighth brick converters

Figure 4: Efficiency comparison between eighth brick converters

Figure 6: Thermal images of EPC9102 under different cooling condi-
tions: (a) convection cooled, (b) 200 LFM, and (c) 400 LFM.
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devices in series, it would then flow through two devices in parallel.

This would reduce the secondary-side device conduction losses by

75% (1.3 W, or roughly 10% of total power losses) at 14 A output cur-

rent [7].

The choice of topology and component optimization is as important in

brick converter design as the selection of the best power devices.

Someone skilled in these arts should be able to further improve the

eGaN FET converters presented here.

eGaN is a registered trademark of Efficient Power Conversion Corpo-

ration.
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��For DC/DC converters for high current power supplies
��For FPGA, POL, PDA, mainboards
��For battery powered devices
��Handles high transient current spikes
��No acoustic noise and leakage filed
��Available ex stock
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Powerful

PK16TM High Density DC Filter Capacitors 
The PK16TM capacitor can be universally used for the assembly of low induc-
tance DC buffer circuits and DC filters; with its high energy density it can
replace banks of series-connected electrolytic capacitors as well as large film
capacitors in rectangular cases. 
Create your own superior technical solution within existing or reduced space
parameters
• superior voltage and current strength
• dramatic increase in operational life
• drastic reduction in failure rates
• minimization of power dissipation

losses

• substantial reduction in 
self-inductance and series resistance

• more exact manufacturing tolerances
• elimination of sharing resistors


