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Abstract

Solar power system is a free sources of sustainable power unlike fossil fuels, and
inexhaustible. Converters can shift the level of voltage from one to another through switches. Which
is very important for solar power system. Transistor plays a vital role in any converter circuit because
the overall efficiency of a circuit depends on the switching losses. Transistor works as switch in a

converter circuit.

In last few years it has been proven that Gallium Nitride (GaN) based switches have benefits
over silicon switches. Using GaN technology reduces the cost of design and the construction of
transistors. The GaN based transistor has the ability to operate at a high frequency with low switching

power loss.

This study is based on a boost converter circuit, where three different transistor model were used
to compare their output and efficiency. The output was measured based on simulation conducted on

LTSpice platform. Then comes to a decision as to which transistor can give better performance.
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Chapter 1

Introduction

1.1 Transistors

The power transistor is a device that used as a switch in power electronics. Power transistor,
especially the metal-oxide-semiconductor-field-effect transistor (MOSFET) has advantages for
majority carrier device of achieving high operating frequency. The insulated gate bipolar transistor
(IGBT) is recent in this field and its performance improving regularly with time. IGBT already
replaces bipolar transistor in many areas of power electronics. However, for application below 200V,
MOSFETSs are the only choice as a switch. MOSFETSs are majority carrier device where IGBTs are
minority carrier. This has an effect on device performance as majority carrier charges faster than

minority carrier devices.
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Materials have long been a very important component in the field of semiconductors, GaN being
considered one of the most ideal for microwave device fabrication with high power. This GaN also
has high output power and high efficiency. The thermal management of GaN devices is also very
good compared to other devices.

The power density for GaN is higher than for Si-based materials and thermal conductivity becomes a very
important parameter for materials, because this determines how good heat dissipation will be for any

device Also important are the properties of dielectric and conductor loss for device efficiency.

Table 1.1.1 shows the density and related temperature properties for different materials.

Table 1.1.1: Thermal properties of materials [20].

Materials Density (gm/cm3) Heat (J/kg° C)
Gallium Nitride (GaN) 6.1 490
Silicon Carbide (SiC) 3.1 681
Au 19.32 126
AuSn 14.5 150
Cu 8.3 385

GaN has a bandgap of 3.2 eV, higher than other materials. The bandgap for materials is related to
the amount of energy requires for shifting an electron from the valence band to the conduction band

for a semiconductor. So this is very important for wide bandgap materials. GaN also has a 2.5 x
10" cm/s saturation velocity, which exceeds the value needed to achieve high energy state. Table 1.1.2

shows the material properties comparison for materials,

Table 1.1.2: Material properties for semiconductor [20]

Properties GaN AIN 4H- SiC Si GaAs InP
Eq (eV) 3.4 6.2 3.2 1.12 1.43 1.35
Esr(Mv/CM) 3.3 8.4 3.5 0.3 0.4 0.5

Vs 2.5 2.16 2.0 1 1 1

(x107crmis)
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Considering Eer, the critical electric field for the breakdown of semiconductors, vs, the saturated
drift velocity, Eg, the bandgap of the semiconductor

1.2 LDMOS Transistors

Laterally diffused metal oxide (LDMQOS) semiconductor transistors were introduced around
20 years back as a replacement for bipolar transistors for Radio Frequency (RF) applications. In recent
times, the development has reached the point where new opportunities are introduced, such as RF
lighting and microwave cooking, and the frequency range has improved from 1 MHz to 4 GHz. In
this emergence of new technology, development of semiconductor devices has many challenges. RF
devices play a vital role in power amplifier designs. LDMOS has low intermodulation, higher gain
and reduces the thermal effect of source inductance enabling. Figure 1.2.1 shows a cross section for
an LDMOS transistor.

Figure 1.2.1: Schematic of an LDMOS [26]

LDMOS are voltage controlled devices, it been more than ten years semiconductor industry started
using LDMOS as RF power technology. In the figure of the cross section of LDMOS, we can see the
n+ region is connected to the back side with a metal bridge a p+ sinker and a highly conducting p+
substrate. The flow of current will go through drain from source to drain if the gate is positively

biased inverting the laterally diffused p+ well.

The gate length has been reduced dramatically to increase the gain of the transistor. In terms of
the reliability issues of LDMOS, special consideration must be given to the hot carrier degradation,
where electrons and holes are trapped in the hot surface oxide due to the high electric field. There are
some advantages of using high switching frequency, like reducing the cost of input and output
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capacitances, increase the system performance and lowers the cost. So for designing the high
frequency dc-dc converter circuit, LDMOS can be a very good option for frequency range

1.3 Si Bipolar Transistor

Bipolar transistors are able to employ vertical current transport. So through thiswafer area can
be used more efficiently and able to provide give high power density. In bipolar transistors, AlGaAs
or GaAs has shown superior material properties compared to Si-based BJTs. Due to the high bandgap
emitter and superior material the development of bipolar transistor was done. Si based bipolar
transistors has enough maturity to operate RF-powered devices because of their intrinsic high power
density and linearity.

Emitter Contact  Base Contact  Collector Contact

Isolation
Implant
ll
\
J T
/| Subcollector
//
— /' S.1. GaAs Substrate
7
Emiter Base Collecior

Figure 1.3.1: cross section of an HBT [19]

In between 1970 and 2000, RF electronics started using I11-V transistors, while conventional Si
bipolar transistors were available to use commercially. Since then the situation has been changed a

lot and now SiGe HBTSs are being used in RF applications.

700 ————r————r———
L |—e—RF CMOS 3
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Figure 1.3.2: Evolution of cut- off frequency of different RF transistor [17]
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From the figure, we can see the differences in the frequency limits of the Si-based transistors. It
clearly shows their dramatic improvement with time. With respect to time, it has been improved
dramatically, and has advantage in performance and cost. Mostly for applications operating in
frequency up to 2.5 GHz, Si based HBT has cost advantage.

1.4 GaN HEMT

GaN can have the lowest dislocation density and this gives it a high epitaxial quality. GaN
HEMTSs are grown on a silicon substrate by Molecular Beam Epitaxy, using an RF plasma source
[23]. To minimise the effect of lattice mismatch and thermal coefficient mismatch, a thin layer of
aluminium nitride (AIN) layer is grown first. GaN has achieved better microwave noise performance
than GaAs. Figure 1.4.1 shows a cross section of a GaN HEMT [20]

Schottky contact: Charge trapping:
normally stable at 300°C effect of cap,
no gate sinking passivation, surface Ohmic:
effect of DC bias preparation thermal
degradation
SiN observed at

Passivation T; > 300°C

Hot electron-
induced trap

generation
+Trapping at deep
levels

Piezoelectric-

induced
strain and relaxation
trap generation
+Trapping at deep
levels

Figure 1.4.1: Cross section of an AlGaN/ GaN HEMT [20]

The devices with GaN are half in size with compare to silicon-based devices. Here in term of high-
efficiency GaN is considered more ideal when compare to silicon because of some physical
limitations and realization of switch mode on Si-based MOSFETSs. Another advantage of GaN HEMT
is a body diode with it, which makes the gate charge lower than Si based MOSFET and this helps the

GaN transistor to switch at higher frequency.

1.5 Motivation of Work

A basic DC- DC converter circuit does almost the same task that a regulator does. However, when
it comes to the high frequency and high voltage, converters are more reliable than a regulator. Converters
also help in term of thermal properties by producing less heat and power loss. The two basic converters

are buck and boost converters. The main function of a buck converter is to step down
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the voltage from the input to the output. This kind of switching converter which gives much better
efficiency than a linear regulator.

Boost converters are used to get a higher voltage from lower voltage battery cells, especially in
the case where the cells are limited but we need to get a higher voltage. For example in a car the
voltage of nearly 417 cells is required but space is available for only 168 cells and there using a boost
converter can give up to 500 V from a 202 V input. Also this converter help to use the entire energy
of a battery which might get wasted as its low voltage is depleted. Both the buck and boost converter
gives better efficiency than any other linear regulators without a step up of the current.

A recent study shows that using Gallium Nitride (GaN) has become widely popular for
inverters. It has better switching modes at higher frequency and also allows a reducing the size of
an inverter. Especially for high power density and using high frequency, this has become widely
accepted. Now usually, for high-frequency devices, we need to consider the size and also the cost
of production as well, GaN has become the only option. This study was conducted to check the
performance of a GaN transistor in a basic boost converter and test how much better it can perform

than to same wide band semiconductor SiC and NMOS.

Solar photovoltaic (PV) system has very large effect on the efficiency of converter. The
research in the field of semiconductor has rapidly increased due to the growth of solar PV system.
In today’s use, most of appliances like DC motors, computing or communicating equipment are
capable to run in DC power. A dc-dc converter allows to convert the power level up to or down
according to the load. Therefore, dc-dc converter has very important role in this PV industry
specially to integrate solar power directly into loads. For example, to use in houses where the load
requirement is less, a very good efficient converter will be cost effective and compact. A high-
frequency power switching can result high frequency and reliability. So this study will show

performances of transistors as a switch for a dc-dc boost converter and how see their performance.

1.6 Synopsis

This study of performance comparison was conducted in the period of nine months, mostly focusing
on selecting a transistors for dc-dc boost converter circuit. Starting with Chapter 1 for introduction of
this thesis study, in Chapter 2 a short background study description is presented, mostly the research
areas and which has shown that GaN has better performance for efficiency. In Chapter 3 the a
introduction to the converter circuit used to run the tests is given. This circuit has three different

versions with different transistors. in Chapter 4 the results found from simulation are



given. The simulations were run by LTSPice and the outputs figures have shown. Chapter 5
discusses the final outcome reached from the simulations and chapter 6 gives the conclusions of
the study.



Chapter 2

Literature Review

2.1: Introduction:

GaN has long been considered for power FETs and getting a lot of attention for its
performance. In the field of power electronics a converter can work for both small voltage and high
voltage. The cost is a point of discussion but as the power loss is less and it has high switching
frequency, cost compare to the efficiency considered as a trade-off. The primary focus of research
area was to reduce cost and improve the efficiency of the converter, and to increase the switching
frequency that will reduce the size and components of the converter. In another term the transistor

has low switching loss can have higher switching frequency.



9

GaN devices have this characteristic of lower switching loss [2] and this characteristic allows
this to operate at a high switching frequency. In the last few years, it has been proven that, to increase
the efficiency of a PV system Gallium Nitride based switches are having better benefits instead of
other silicon switches. Using Gallium Nitride technology also reduces the cost of the design and
construction of the power electronics to be used in solar power converters. The current trend of using
a micro-inverter which includes single power optimisation of each solar panel improves the

installation and safety with minimisation of the cost of solar energy.
2.2 Design Comparisons for Converters

In the design of a high-efficiency, compact and step down power stage based on the dual active
bridge, GaN transistors were used to measure the performance [1]. At microwave frequencies, GaN
transistors have proven excellent performances. From the study of an experiment with a typical boost
converter [2] using a GaN HEMT as a switching transistor, up to eighty-five percent efficiency was
achieved. It was also found the power loss was less than for the other transistor switches and the switching

loss was reduced. For this study waveforms were measured shown in Figure 2.1.1

w
o

o
o

w
o

N
o
—

Drain voltage vd (V)
Gate voltage Vg (V)

0 20 40 60 80 100 120 140
Time (ns)

Figure 2.2.1: Waveforms from switching gate and drain voltages [2]

These waveform were obtained by measuring different gate and drain voltages. The
switching frequency was 10 MHz during the measurement. The load resistor was kept at 75 Qs

and duty cycle was 0.5. A basic converter circuit with GaN as switching transistor was used.
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Output voltage (V)

Time (ps)

Figure 2.2.2: Output voltages for the converter [2]

When measuring the waveform, two different inductors were used for the converter circuit
and the average current found to be 0.9 A. The efficiency also was measured for the converter within
different temperature and shown in Figure 2.1.3.

96
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&
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o WV O
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84 | |
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82 et POUt=15W Pout=20W |
80 4 | 4 4 |
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Temperature (°C)

Figure 2.2.3: Efficiency of boost converter as a function of temperatures [2]

The measured efficiency was found to be above 80%, which was measured to check the
potentiality of GaN converters for high-speed RF applications at the ambient temperature of 100°C
[2]. One common problem can be found at switching started for the dc-dc converter is huge current
and overshoot of output voltage, which might be found to damage the inductor and also create
instability [3], [4], [5]. In that case, an external capacitor can regulate the soft starter but this will

incur some additional cost and some damages to external components. Another study of
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miniaturisation of dc-dc converter shows that a high switching frequency can reduce the size of the
converter [6].

The author of [12] shows that, even if the frequency goes over 5 MHz GaN HEMTSs show
better efficiency, hence achieving efficiency at a higher frequency is a challenge for dc-dc converters.
GaN has a low gate charge with a low gate-to-source voltage. A GaN can give faster switching speed
due to its small physical size and low parasitic capacitance. Another of its characteristics is zero
source-to-drain recovery charge [13].

The heating effect is another important issue for high- power GaN HEMTSs. A temperature
effect is observed in source-drain, at the end of the source and drain contacts. So heat is actually
generated there where many FETs have dropped heat [21]. But still, GaN is cheaper than Si and has
better ratings and a smaller in size. Though SiC and GaN have almost the same properties, GaN shows
superior performance for power devices [22], but thermal conductivity becomes an issue for GaN for
showing poor properties. However, when it comes to lattice mismatch or thermal mismatch, GaN has

zero mismatches but SiC has 3.5% mismatch [22].
2.3 Power Loss in Converter

During the study for power loss for both Si based and GaN converters, only the turn-off loss
was calculated in [14] and this shows that the magnetising inductance is important to analyse the

losses. An experimental circuit is shown below.

g \‘\l'l‘\l '\ ]

ot oifrfva

”
-

Figure 2.3.1: Experiment circuit to study power loss for converter [14]

Figure 2.2.1 is an example of the converter circuit that was studied for the loss calculations

[14]. GaN and Si MOSFETSs have shown completely different diode mechanisms when the reverse
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recovery charge was zero. The GaN transistor model used for the study is the same as will be used
for the current study, so it will be easier to compare the performance.

From the study of [24] found a switching speed for GaN has found 9 ns for turn on and 43.2 ns for
turn off while for Si-based power MOSFET it was 50 ns and 62 ns so the switching speed for GaN is
faster. The experimental circuit is shown here in Figure 1.4.2.

I
GaN HEMT
S o
r— —
e |
— . .
; i Ry G Q!
" —AM— |
\ - :
S ['. |
S,;ON S, OFF $;ON p| |- 01 |
_ S;;OFF S..ON S;:OFF -|— |
Gate ) , t J
signal [*~ I's Jifm i (b)

/, S
j-“ k }\ . &
0 ! E s B & | (‘)‘
e ® !_ t |

181
o
e
lw
H-e—
11
- 1 -
|

l
|
l
— cm— a—— c—

(<)
Figure 2.3.2: (a) Waveform for proposed gate driver and (b), (c) Performance test circuit and turn

on/turn off equivalent circuit for GaN [24]

However, the turn- off time is higher than turn- on time, which might be caused by
electrons trapped on the surface during turn-on state of a GaN HEMT; the current collapse is

increased by decreasing the gate-source voltage for this HEMT.

From the power- loss calculations, study shows that GaN switching FETs have better
performance, showing a low power loss [2]. A figure is in Figure 2.2.3. For switching loss, on-off
and off-on times were measured. The author of [7], mentioned that for GaN transistors has the pull
up-down resistance of the gate driver and the amplitude of the gate driver output voltage, can
determine the capability effect of a power device, but in the different operating condition, the role is

different.
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Inductor
losses 11%
Switching
losses 39%
Transistor
conduction
losses 31%

Diode losses 19%

Figure 2.3.3: Power loss for dc-dc boost converter for GaN (approximate) [2]
2. 4: Efficiency for Converter

From a material point of view, both of the FETs have very similar parameters and
characteristics but SiC performs better when the frequency is low and GaN can be used for high-
frequency RF power applications [8].

Si and GaN Converter Efficiency

98

97

9%
- 95 o
§ 7% 2 SR GaN
g' 93 3SR GaN
X N 4 SR GaN
-
€% e 4 SR St
= 90

1 35 7 9 11 13 1517 .19 21 23 25 27
Ohtp st (A

Figure 2.4.1: Efficiency comparison for Si-based and GaN converters

Figure 2.3.1 shows efficiency curves for two converters, with GaN, and with SiC. Another
comparison for both GaN and Si-based with voltage ranging from 40 V-200 V is given below [15].
For soft-switching applications, losses related to switching are important and needed to be minimised
by zero voltage and current switching. This represents efficiency and power loss for GaN and Si
MOSFET. A comparison graph from [15] is shown below. When the switching frequency is 1.2 MHz
the performance of both MOSFET is measured and plotted.



14

" 24
o7 1.2 MHz eGaN FET l'“‘,gw.l;w Sl 2
e ‘..-' .- zo
35,” S 1.2 MHz MOSFET
3‘” 4 el
) 1.2 MHz MOSFET g 18 fooremrmrnninincecnsce M Ml
° wd 12 [eeeccccreccreccroccerseresscescscogiocecapsiocecccsecnsoece
é’ 3 & 10 [esosesetosercoriorsossoissosgsisosmatioscaceshessscseprenseed
W s 2
a s 1.2 MHz eGaN FET
o1
4
0 2
0 5 10 16 20 26 30 35 40 0 5 10 1 20 25 30 33 40
Output Current (A) Output Current (A}

(a) (b)
Figure 2.4.2: Efficiency (a) and power loss (b) comparison for GaN and Si MOSFETS [15]

Figure 2.3.2 (a) shows the efficiency percentage with respect to the output current. It is clear from
the plotted graph the GaN has better efficiency than MOSFET when the operating frequency is 1.2

MHz. With the power loss at Figure 2.3.2 (b), at the same operating frequency, GaN has less power
loss than MOSFET.

2.5 Material Properties

GaN has a high electron mobility because of the two-dimensional electron gas layer in
between aluminum nitride layer and GaN layer. Thus, it can work for high-frequency applications.
Due to the two-dimensional layer GaN HEMT has natural polarisation result at the junction and the
polarisation in piezoelectric effect [16]. A schematic is shown below for the GaN HEMT.

NN
Protection Bk

Twvo Dimesshonal
Electron G [96C)

Nurarure Kiride
Fialation Layer

Figure 2.5.1: Cross Section of GaN [16]

GaN HEMT has current collapse phenomena and every GaN device has different phenomena
characteristics to show. Up-to eighty-four percent efficiency has been achieved using GaN as
switching device [2]. High electron mobility along with high saturation velocity for GaN and SiC

allows these to operate in high frequency [8]. GaN also has properties of high thermal conductivity
but SiC is found to have more thermal conductivity than GaN.
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Chapter 3

Analysis for Simulation

3.1 Introduction to Basic Circuit

The task of converter electronic circuit is to convert one voltage level to another, the level of
voltage may vary and it can be increased or decreased depending which type of converter circuit is
used. This converter is widely used for battery operated devices but a major concern is an efficiency
and size. Figure 3.1.1 shows the basic configuration of buck and boost converter circuit. A buck

converter is used to lower voltage level and boost is to raise the level high.
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Converter plays a vital role when supplying energy to loads, not only for solar-powered appliances
but also for use in other battery operated appliances like laptops, personal computers or Smart Phones
orinacar.

A boost converter has two semiconductors, diode and transistor along with capacitor and inductor.
The converter can have some voltage ripple and to reduce them, a filter is used. Capacitor and
inductor works as storage element for a converter. The boost converter has two phases of work, switch
closed and open operation. So during the closed switch cycle, the current will flow in clockwise
direction through an inductor. Therefore the inductor will get to store some energy as there will be
some magnetic field generated. And when the switch is open, the impedance will become higher. SO
the amount of current will be less. The polarity for inductor will change to negative and this will cause
a higher voltage to charge the capacitor. Depending on the switching cycle, inductor will not

discharge when it is in charging stage. This will create a high voltage output in load side.

3.2: Simulation Circuit Diagram:

The test circuit used for GaN performance testing here is a boost converter. This will work to
increasing the voltage from low to high. In this circuit three switching transistors are used to measure
the output voltage level with different loads. The boost converter is a switch mode converter where
the output voltage is higher than the input voltage. The fact for boost converter is, Vin < Vour, and

input current is higher than output current.

The required parameters were given so all the components were selected by calculation. The
topology is the same as a basic boost converter. This will take a dc voltage as input and give a higher
output voltage at the load side. The block diagram of the boost converter circuit is shown in figure
3.2.1



Inductor L1 Diode D

Input
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Transistor Capacitor C1

Output
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An inductor, capacitor, and diode are used here along with the transistor. The task of the

Figure 3.2.1: Block diagram of boost converter
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transistor is to work as a switch. The Input voltage is the supply voltage, which needs to be greater

at the output. The voltage passes the current through the inductor making it store energy by

creating a magnetic field.

The transistor is working here as a switch for the circuit. When the switch is on, diode will

create an open circuit so at one side the voltage will be higher than other side. During close

switching operation input voltage passes across the inductor and the diode will be open circuit. So

the inductor will discharge through the diode, resistor and the capacitor. The switching transistor

playing a vital role here because on it the efficiency of the overall converter depends. For

switching on state, the period of time is found to be 5.5 ns and for switching-off state, 4.5 ns. All

the components used for this boost converter circuit has been discussed later in this chapter.

Inductor L1 Diode D
current passing
Input 3 Capacitor C1 Output
voltage N voltage
(a) On-state
Inductor L1 Diode D
r 4
g‘ current passing

Input %"% Capacitor C1 Output
voltage Y voltage

Figure 3.2.2 (a) On-state (bYOff-$tate operation of a boost converter



18

Solar power is mostly DC and thus if the load is also consuming DC power then we need a
converter which can provide the required power at the load. Now consider a simple design topology
for a load requirement as below, the input energy is coming from a solar source and is being stored
in a battery, which supplies to the load as required. So the entire circuit will work following the flow
chart at figure 3.2.3 [25].

No

Grid
Connected

Charging
with Solar

Solar
Producing
lectricit

Loads Connecte:
to Grid
(Inverter Off)

Loads Connected
to Battery
{Inverter On)

Battery Connected
to Grid
[Inverter Reverse)

Figure 3.2.3: Flow chart of working principle for the solar power [25]

So the topology is made with the aim of charging the battery in two ways: when there is not
enough solar energy to charge the battery, the system will connect to the grid for charging purposes.
When there is enough solar power to charge the battery, it will supply the load if the charge stored is

not enough to supply the load the batteries will be charged from the grid.

3.3 List of Requirements and Parameters:

Table 3.3.1: List of required parameters for design

Parameter Corresponding values
Input voltage 5-55V
Output voltage (expected) 12V

Operating frequency 100 KHz




3.4 Design Calculation and Selection:
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Now focus on the main point of this study of comparing the performance of switching devices
for a DC-DC converter circuit.

3.4.1 Duty Cycle Calculation:

The duty cycle is one of the most important for any boost converter circuit, because this
finalizes the switching on and off states for the circuit so that the inductor can be charged. For the
design here the calculations for the duty cycle as follows

Vin XM
Duty Cyele, D =1-— (3.1)

out

Here, Vin= Input Voltage for the circuit

Vout= Desired Output Voltage
= Efficiency (Approximately)

So, given the desired output and the given Input, we calculated the duty cycle, 0.61 for the
circuit. We assume the converter circuit to be 85% efficient because on average almost all the

converter circuits have this efficiency.
3.4.2 Switching Frequency Selection:

To get high efficiency, the switching frequency is most important for a converter. The voltage
across the inductor is also influenced by the switching frequency. The inductors of same structure
gives a different value for different switching frequency, also electric current at maximum efficiency
differs. For higher switching frequency, FET and IC’s charge-discharge quiescent current also

increases.

Table3.4.2: Switching frequency effect on properties

Properties Low High

Maximum efficiency High Low
Output current at max efficiency Light Load Heavy Load

Ripple Large Small

Response Slow Fast




20

3.4.3 Transistor Selection:

The main purpose of this study was to compare different transistors to see which has better
performance in terms of load. So three different transistors were used as the switching FET and their
output was measured to compare them. These transistors were chosen as they have very similar
parameters so should perform similarly. Thus it will be easier to make a decision from the output

which FET actually performs well with given requirements.

Table 3.4.3.1: Switching transistor name and model number

Name of the IC Type Manufacturer
FDB2532 N Channel MOSFET Farichild
EPC2001 GaN EPC Corp.

C2M0025120D SiC Cree Inc.

I-V characteristics for three transistors are shown in Figure 3.3.1

Id(M1)

Ix(U1:drainin)

b) Simulated Io vs Ves for EPC2001
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Ix{U1:d)

c¢) Simulated Io vs Vs for C2M0025120D

Figure 3.4.3.1: 1-V Characteristics Curve for three transistors

In figure 3.4.3.1 the curves were plotted with respect to drain current as a function of
voltage from drain to source. The dc voltage sweep for the input varied from 2V to 10V with 0.5
increments to check the drain current. On the Y axis drain current (Io) and on the X axis gate to
source voltage (Ves) was plotted.

To get the best results the transistor needs to be selected for the maximum voltage and current
ratings. Switching losses occurs especially for and, but these oppose each other. For smaller Rps and
Ciss the total performance loss is also smaller. The transistors model used here for the simulations
circuit, has below mentioned parameters,

Table 3.4.3.2: Transistor parameters as per data sheet

Transistor Vbss (V) Vs (V) Io (A) Ros (Q) VasH) (V)
FDB2532 150 +20V 79 0.014~ 0.048 2~4
EPC2001 100 +20V 25 0.0056~ 0.007 0.7~2.5

C2M0025120D 1200 -10/ +25 90 0.034 2~4

3.4.4 Inductor Selection (L1):

For better efficiency, it is required to have small coil losses and to minimise the loss inductor
needs to have small Roc value. If the inductor value is too large then the Roc value increases, which
effects on efficiency and makes it low during high load periods. The higher inductor value can lead
to higher output current as it can reduce the output ripple current. The efficiency and dimensions can
determine the perfect inductor value. The inductor value can be calculated with respect to time
variation equation. But mostly the value is selected with configuration of the converter circuit. So the

equation for inductor value can be measure by,
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dt
L=V (3.2)
di

where
L= Inductor value

Vi= Maximum voltage across the inductor

3.4.5 Diode Selection (D1):

The losses caused by the diodes are actually the sum of the heat loss and losses due to reverse
leakage current. Therefore it is important to choose similar values of loss from both forward biased voltage
and leakage current. Typically the Schottky Barrier Diode (SBD) have characteristics of creating less loss.
The SBD selected here is MBRS140, which has forward current ratings of 1A, and forward voltage
600mV at ambient temperature upto 120 °C. This SBD gives power dissipation of 0.6 W, which is very

low and the forward current is according to expected maximum output current.
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Forward Volitage, V. [V]

Figure 3.4.5.1: Forward voltage characteristics for diode [71]

Any SBD that has large forward voltage but a small leakage current shows excellent properties
for a light load but it has some drawbacks in heavy loads. MBRS140 is a Schottky Rectifier

manufactured by Fairchild Semiconductor Corporation.
3.4.6: Capacitance selection:

The capacitor plays an important role in making the output ripple smaller, and large value to
reduce the ripple. But an unnecessary large value of the capacitance might lead to a cost increment as
well. So it is really important to choose a capacitance value to suit the ripple level targeted. Another
important characteristic of a capacitor is what material is it made of, and the capacitor used for the
circuit is type X5R and has low equivalent series resistor value. This is a ceramic capacitor with a

value of 10 uF. The capacitor selection for boost converter circuit is also depends on the output
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maximum current level. The value 10 uF for output capacitor used here from the range of capacitor
to be used for the circuit calculations. The equation we can use here for selecting the range of

capacitor is given below,

lout(max )XD
C= FrequencyxAvout (3.3)

Here,
lout(max) = Maximum output current desired

AVout = Maximum output voltage ripple
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Chapter 4

Circuit Description and

Simulation

A very basic boost converter circuit is used here to run the simulations and test the circuit.
This was to measure the performance of the switching transistors and compare their output voltage.
The basic topology of boost converter used here has a transistor as a switch and this was given a pulse
to turn it on and off. During the on- mode of the transistor, the current was passing through the
inductor to get energy, and through the diode, it was passed to the capacitor for storing. And at off-
state, this will become a short circuit as described in Chapter 3. Therefore, the voltage we are

measuring through the load is actually the stored capacitor voltage.
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4.1: Requirements for the design:

Table 4.1.1: Component parameters for the design

Component Requirements
Switching frequency 100 KHz
Input Voltage 5V-55V
Desired Voltage Output 12V
Ripple current 100 mA (max)
Efficiency 85% assumed

4.2: Calculations and Circuit Diagram:

The required components were calculated based on the design requirements. To calculate the duty
cycle (3.2) was being used from Chapter 3. So the Average Duty cycle is found to be 0.61, which is
quite normal for the boost converter. To choose the inductor value from the switching transistors data

sheet, the value is chosen to be approximate 298 pH.

This value of inductor will be used for three of the switching transistors to compare the
performance. For the capacitor value selections, it was designed according to the switching frequency
and thereby kept within the 10 pF range as described before in Chapter 3. All the transistor models
used for this simulation are practical LTSpice model provided by their manufacturer. The Period of
time for the gate turn-on voltage used here according to the duty cycle calculations, it has been used

for 10us to keep it within the duty cycle value 0.61.
4.2.1 Converter with NMOS:

The first circuit is shown in Figure 4.2.1 with the transistor FDB2532 as the switch, an N-
Channel MOSFET in enhancement mode which has ratings of 150 V, 79 A and 16 mQ. This transistor

has low Miller charge and is suitable for synchronous rectifiers.



26

A <Rt
( /J 100
T 58V

Figure 4.2.1 Converter with FDB2532

The source V2 is the positive gate turn-on voltage for the transistor to turn it on to function as
a switch. The pulse provided here,

Table 4.2.1.1 FDB2532 supply voltage

Component Ratings
Gate turn on voltage 4V
Ton 5us
Tperiod 10 ps

The turn-on voltage used here is the minimum voltage to turn this switch on as per given in the
datasheet, less than this voltage this switch is not on.

4.2.2: Converter with GaN

The other transistor used for GaN is an EPC2001 model which has ratings of 100 V, 25 A,
and 7 mQ. This is grown on a silicon wafer and has high electron mobility with a low-temperature
coefficient [9]. This enhancement-mode power transistor is able to do high-frequency switching and

at the same time has low on-state losses. The circuit diagram is showed here in figure,
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Figure 4.2.2: Converter with EPC2001
The gate turn-on voltage provided for EPC2001 is given below,

Table 4.2.2 EPC2001 supply voltage

Component Ratings
Gate turn on voltage 3V
Ton 5us
Tperiod 10 ps

The turn-on voltage used here is 3 V. A GaN transistor needs even less than this voltage to
turn it on. The circuit was tested with 2 V supply voltage and yet this switch was giving better output

voltage, this effect of gate turn-on voltage is discussed in Chapter 5 with simulated results.
4.2.3 Converter with SiC

The SiC switching transistor used here is from CREE Inc, and the model is C2M0025120D.
The circuit diagram drawn in LTSpice is given below. This transistor has ratings as per data sheet of
1200 V, 90 A with drain- source on- state resistor of 34mQ. This is N-Channel enhancement mode
silicon carbide power MOSFET. This is mostly used for high voltage dc-dc converters but as this
model is commercially available from the manufacturer, this is being used to test the performance
with a GaN.
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Figure 4.2.3: Converter circuit with C2M0025120D

The gate

Table 4.2.3 C2M0025120D supply voltage

Component Ratings
Gate turn on voltage 5V
Ton Sus
Tperiod 10us

4.3: Output Graph of Different Transistors

A common problem of the boost converter circuit is output ripples at a high frequency.
Therefore when the circuit was simulated in LTSPice, the inductor and the capacitor value were
chosen carefully as described in Chapter 3, so that we can avoid the voltage ripple. The combination
of inductor and capacitor value also filtered the output ripples. With a varying load, the output was
recorded for all three transistors. And an output graph across to the load for the boost converter circuit

simulated here, was taken into consideration for the final outcome of the study.
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Figure 4.3.1: Simulated output voltage with 1 Q load with FDB2532

When the load of the converter is 1€2 with an FDB2532 switching transistor, the output graph
is plotted in Figure 4.3.1, it shows the output is less than to the input voltage. At this point the
efficiency of the converter is calculated very low, 0.54. The simulation was run only for 1 ms as this
has got some ripples at the output voltage.

Now we have simulated the same circuit with EPC2001 as a switch, and below Figure 4.3.2

were found.

V(n001)

Figure 4.3.2: Simulated output voltage with 1 Q load with EPC2001

So when we tested the same circuit using GaN transistor EPC2001 with the same load but
even smaller gate turn-on pulse voltage of 3 V the output was better than for the NMOS transistor.
It is clearly shown from the plotted output that this converter operating in same frequency giving an
average value of 8.75V. The efficiency calculated was 0.75 across this load. This output voltage
has got lots of ripples as well like the FDB2532 but this has converted the output voltage to a

higher level than the input voltage.
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Now with the same parameters, this circuit was developed with SiC
transistor, C2M0025120D and the output were plotted.

V(n003)

Figure 4.3.3: Simulated output voltage at 1 Q load with C2M0025120D

The output shows an average of 4.65V across the load and the efficiency found for this
is 0.67 when it has a load of 1 Q. Which means that this converter circuit with a SiC transistor is
unable to give good efficiency. The SiC transistor and the NMOS transistor has same output and
same ripple at the output.

To recheck the output value with the three different transistors the boost converter circuit was
tested with a load 20 Q. As has been mentioned, for three transistors the output will be recorded
across the loads by varying. Along with voltage, the input current and output current were also

measured and thus the efficiency calculated for that particular load.

V(n003)

Figure 4.3.4: Simulated output voltage with load 20 Q for FDB2532
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The output graph for a 20 Q load shows an average output of 10.65 V. The efficiency
calculated at this load is 0.92. When the load was 20 Q, the output ripple has reduced a lot compare

to 1 Q load for the same transistor.

V(n001)

Figure: 4.3.5: Simulated output voltage with load 20Q for EPC2001

Output voltage at Figure 4.3.5 shows an average voltage of 11.4 V with an EPC2001
transistor as a switch with a 20-Q load. The efficiency at this point is 0.94 which is already higher
than with FDB2532 transistor. The ripple at the output voltage has been reduced compare to 1 Q
load for EPC2001 transistor.

We tested the circuit with a SiC transistor and the output is shown below.

V(n003)

Figure 4.3.6: Simulated output voltage with load 20 Q for C2M0025120D
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The SiC transistor, C2M0025120D, gives an output of 10.7 V with an efficiency of
0.92, which is equal with an NMOS transistor and shows that the EPC2001 gives better output
and efficiency. And small ripple at output has been observed for this transistor.

When recording the output voltage with various load, an optimum load point was
discovered for each transistor [Table 5.1]. So now we have taken measurements of that optimum
load-point efficiency for each transistor to compare their efficiencies. Therefore the 70 Q load point
is selected, as at this point GaN and SiC have started showing the optimum voltage point. So
choosing this load value for the output to compare how the converter actually performs will be best
idea to get a clear view of the efficiency for each transistor.

V(n003)

Figure 4.3.7: Simulated output voltage with 70 Q load for FDB2532

As described the load of 70 Q, the voltage output for FDB2532 has 10.95V with an efficiency factor
of 0.94. Now comparing to previous graph for the same transistor, ripple has clearly be found to be
less and almost a steady line has found as dc output.

V(n001)

Figure 4.3.8: Simulated output voltage with 70 Q load for EPC2001
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The EPC2001 has an output voltage of 11.68 V with a 70 Q load and the efficiency is 0.99,
so it has maximum efficiency at this point with the given operating frequency. The output ripple
has almost found to be less than of load 20 Q for the same transistor. Now the output for the

C2M0025120D has to be checked and the simulation result is showed in the next figure.

V(n003)

Figure 4.3.9: Simulated output voltage with 70 Q load for C2M0025120D

The C2M0025120D has an output voltage of 11.22 V with efficiency of 0.94. At this
simulated output it has been clearly seen the output ripple has reduced a lot and it is almost
getting a steady state line.

Now the load was taken to 100 Q to check how the circuit would behave for higher loads

even after getting the voltage output cut-off point.
V(n003)

Figure 4.3.10: FDB2532 Output for 100 €

With a 100 Q load FDB2532 has 11V at output with efficiency of 0.94. The ripple is not visible at
this load.
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V(n001)

Figure 4.3.11: EPC2001 output with 100 Q load

The input current is to be found 260 mA with output voltage of 11.75 V for EPC2001.
The calculated efficiency is 0.97 which is near to its highest efficiency, for a load of 70 Q.

V(n003)

Figure 4.3.12: C2M0025120D output for 100 Q load

The SiC transistor gives an output voltage of 11.35 V with an efficiency of 0.93 and input
current of 0.25 A. So even having the same material properties, with the given frequency of 100 kHz,
SiC transistor is unable to provide efficiency even equal to GaN transistor.

The complete set of data found in this simulation is provided in next chapter. Also, comparison
graphs for the three transistors are shown. These graphs will lead us to take a final decision of which
transistor gives better performance for switching. But from the measured figures of output voltages,

it is clear that GaN can give higher efficiency than two other transistors.
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Chapter 5

Outcome and Results

In this chapter, the outputs found from the simulation of LTSpice will be discussed. As we
have simulated a boost converter circuit with three different transistors to see which transistor has a
better efficiency, the efficiency was calculated from output power and input power. The output power

and the input power were measured as per below mentioned equations,
Pout = VoutX lout (5.1)
Pin = VinX lin (5.2)
The results found from the output for different loads for three transistors are shown below in

table 5.1.1. The load was from 1 Q to 100 Q to check the output voltage graph and see where the

optimum output voltage point can be found.



5.1: Output Voltage With Respect to Load:

Table 5.1.1: Output voltage measured with respect to different load

Load (Q) | FDB2532 (V) | EPC2001 (V) | C2M0025120D (V)
1 4.7 8.8 4.65
10 10.3 11.1 9.95
20 10.7 11.4 10.7
30 10.8 115 10.9
40 10.8 11.6 11.02
50 10.9 11.6 11.1
60 11 11.6 11.2
70 11 11.7 11.2
80 11 11.7 11.2
90 11 11.7 11.3
100 11 11.7 11.3

36

This table indicates that the EPC2001 provides the highest output for this simulated

boost converter. Also, a comparison graph has been plotted as well to show how the output

voltage is actually differing for the different transistor.
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Figure 5.1.1: Output voltage comparison for three transistors

This figure shows the output voltage measured with various loads. The loads are in presented
at X axis and measured output voltages at the Y axis. The comparison graph of different transistors
shows that EPC 2001, the GaN transistor can give a high output voltage with small load compare to
NMOS transistor and the SiC transistor. When the load is 60 Q, the output has already started reaching
the steady- state point for the FDB2532. At a 70 Q load for EPC2001, the output is found to be a
maximum and the efficiency is 0.97. But when we look into the low load point of these transistors,
we can see that EPC2001 has proven capability of delivering a high output voltage, which means

GaN transistor is actually able to take the low load and can give a high voltage output.
5.2: Efficiency with Load:
The efficiency calculations of the three transistors were also done as follows,

— VoutXIout (5 3)
VinXlijn .

N
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Where,
Vout = Output Voltage
[out = Output Current
Vi, = Input Voltage
li, = Input Current

As this is dc-dc converter and the output has oscillations, the average voltage and current were

measured and calculated from the simulation for output to calculate the power.
Table 5.2.1 lists the differences in efficiency for three transistors

Table 5.2.1: Efficiency for Transistors
R (Q) FDB2532 EPC2001 C2M0025120D

1 0.55 0.75 0.67
10 0.91 0.93 0.88
20 0.92 0.95 0.93
30 0.94 0.95 0.94
40 0.94 0.95 0.94
50 0.95 0.95 0.94
60 0.95 0.96 0.95
70 0.95 0.98 0.95
80 0.95 0.97 0.95
90 0.98 0.99 0.94
100 0.96 0.97 0.93

Now from the table of efficiency we can easily see that the EPC2001 has better efficiency
for heavy load and for the lighter load it can deliver better voltage output but the efficiency is
decreased. But the FDB2532 has given very poor efficiency with light load and for higher load the
FDB2532 is not able to provide output voltage more than 11V where EPC2001 can give much better
output voltage which is 11.8 V. The optimum voltage output for the FDB2532 and the C2M0025120D
are 11V and 11.3 V where the GaN transistor, EPC2001 has voltage output of 11.8V, this means that
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the GaN transistor is able to handle much higher load compare to the NMOS and the SiC transistors.

The efficiency comparison graph is shown below.
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Figure 5.2.1: Efficiency comparison of three Transistors

5.3: Transistor Switching Turn-on Gate Voltage:
Another crucial point to discuss here is the turn-on voltage pint for these transistors. It already

has been mentioned at Chapter 3 that the gate turn-on voltage for the EPC2001 was 3V and the
FDB2532 is 4V. The FDB2532 was working with any gate turn-on voltage less than that voltage,
which shows that the EPC2001 is taking low gate on voltage to turn on. This will actually decrease
the power consumption and increase the battery life for battery operated devices like mobile, laptops
or cars. As battery operated devices always has an issue with battery life, the EPC2001 is very good

options to be used in such devices.
The wide band gap semiconductor like GaN has the capacity of fast switching with low

switching loss. The power dissipation for EPC2001 is only 4.044 uW, this can be found from thr

released model data of EPC2001. This is very much beneficial for high power efficiency.
Figure 5.3.1 shows the output graph of three different transistors, when the gate turn-on

voltage is set to 2V.
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V(n001)

(a) EPC2001 with 70-Q load and 2V gate turn-on voltage

V(n003)

(b) FDB2532 with 70-Q load and 2V gate turn-on voltage
W(n003)

(c) C2M0025120D with 70-Q load and 2V gate turn-on voltage

Figure 5.3.1: Gate turn-on pulse voltage comparison

From Figure 5.3.1 it can be clearly seen that the FDB2532 and C2M0025120D are not even
turned on when the gate voltage is 2V, but EPC2001 is already on and giving an output voltage of

approximate 10.90 V. The only visible output for NMOS and SIC transistor is oscillations. It has been
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checked with the simulator that even with gate voltage of 3V the FDB2532 and the C2M0025120D
are not working as switch and require a much higher voltage 4 V for FDB2532 and 5 V at least to
turn it on. So a conclusion can be drawn from this is GaN requires less voltage for turn-on and give

much higher efficiency than NMOS and SiC transistors in dc-dc conversion.

5.4 Comparision between GaN and SiC:

For comparing the performance in RF and power switching with another wide band gap
material, Silicon Carbide transistor C2M0025120D was chosen from the Cree Company. A summary
of material properties was shown for GaN and SiC in chapter 2. In the field of power applications,
GaN and SiC plays an almost equal role but depending on conditions GaN performs better. From this
simulation, it has been found that the performance of GaN is much better than SiC. From the
efficiency chart given in Table 5.2.1, it has been shown that, despite having same materialistic
properties GaN gives much better efficiency. Here the NMOS transistor is not coming into the

comparison as it has different materialistic properties and is not a wide band gap semiconductor.
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Chapter 6

Conclusion

As a wide-band gap semiconductor material, GaN has become a prominent and heavily used
semiconductor material. The EPC2001 is a GaN transistor from EPC Corp that is commercially
available and ready to use, though a newer version has been released recently. This study makes a
performance comparison of three different transistors, in two different material. The simulations
outcome, it has been clear that GaN gives better performance although the operating parameter of
this transistor is lower than other two transistors. Three points can be discussed from this simulation,
one is voltage output across the load, second is the efficiency factor and the third is a turn on gate
voltage for the transistor.
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6.1: Summary of Study

From the first point of view, the output voltage of a boost converter circuit using a GaN as
switching device is much better than NMOS and SiC, even though SiC is supposed to have nearby
output or better output compare to GaN. The SiC and GaN have same materialistic properties of

giving the same output.

The second point is the efficiency of the converter. The circuit components were calculated
with the assumption of being 85% efficient but this circuit has given above 90% efficiency. But this
is not a real-time simulation, just software-based simulations. So the actual efficiency of a practical
circuit may be different. Yet it is to be assumed that, it will not go below 85%. When we have
compared three transistors, GaN transistor is again better than the other two transistors. It has given
higher efficiency for all loads. For any converter, efficiency is very important as it is a boost converter,
and for shifting the voltage higher from the input must have better efficiency. Typically the boost

converters expected to have 80% efficiency.

The third and last point is the switching gate-on voltage. The GaN transistor was able to give
output even at a very low switching pulse voltage. This is very important when it comes to battery-
operated appliances like a cell phone or laptop or car. Battery life is very crucial point these days. If
the circuit is required to provide more pulse voltage then the battery life will decay very fast and,
from a user point of view, this is disappointing. Since GaN requires a very low pulse voltage, the

battery life can stay longer than with other transistors.
6.2: Scope of future work

RF device technology is not only important for regular use, but also in the military market it
has a vital use for legacy technology. For use in aviation or radar technology or in
telecommunications, the development of RF technology is required. Thus, the development of power
amplifiers is proceeding day by day. The material LDMOS is used usually at a frequency of 3 GHz
for wireless applications. Though the GaN transistors has mechanical stability compare to LDMOS
and also better heat capacity, therefore the prospect to be used in the military application is wide for
the GaN.

The comparison of performance for GaN is done in this study for a boost converter. There is
scope for work with GaN for a SEPIC converter as well. In the SEPIC converter, circuit optimisation
is also possible and in future, there is a scope of work in that field. Also, there is the scope of built

the circuit in practical at the lab and test all the data fund through simulations and check how
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similarities they have. GaN is popular for use in the low-power high-frequency area and SiC seems
suited to the high power, high voltage application area. In terms of cost efficiency, for both of the
material, if silicon subtracts used, the cost for GaN will decrease a lot. For power application area
GaN is getting more attention if high power is not required and the cost is a major concern [8]. The
converters has always appreciated in solar energy system. In this study a basic boost converter circuit
performance has done to choose a transistor which can have better performance in the field of
switching devices. In future there is a scope of work to make that converter more usable with a solar
system. For example, a constant dc voltage has been used as input for thso boost converter, but the
solar power supply will not be constant input system and at this case there will be scope of work to
make the converter usable with a solar system and then shift the voltage level using GaN transistor

as switch.
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Appendix

FDB2532 Data Sheet

Features

_e=uus=x
FAIRCHILD

SEMICONDUCTOR"

FDP2532 /| FDB2532

N-Channel PowerTrench® MOSFET
150 V, 79 A, 16 mQ

Applications

+ Rogm =14mQ (Typ) @ Ves =10V, Ip=33 A « Consumer Appliances
+ Qgun=82nC(Typ.) @ Ves=10V + Synchronous Rectification
» Low Miller Charge + Battery Protection Circuit

» UIS Capability (Single Pulse and Repetitive Pulse) + Micro Solar Inverter

Formerly developmental type 82884

October 2013

» Low Q, Body Diode + Motor drives and Uninterruptible Power Supplies

> ’
s T0-220 s D2-PAK

MOSFET Maximum Ratings 1. = 25°C unless othervise noted

Symbol

Parameter FDP2532 /| FDB2532

Unit

Vpss

Drain to Source Voltage

150

Ves

Gate to Source Voltage

20

Drain Current
Continuous (T = 25°C, Vgg = 10V)

79

Continuous (T = 100°C, Vg = 10V)

56

Continuous (T, = 25°C, Vigg = 10V, Ry s = 43°CIW)

8

Pulsed

Figure 4

Exs

Single Pulse Avalanche Energy (Note 1)

400

Pp

Power dissipation

310

Derate above 25°C

2.07

Ty Ts1e

Operating and Storage Temperature

-5510 175

8§EE>>>> <|<

Thermal

Characteristics

Themal Resistance Junction to Case, Max. TO-220, D?-PAK

0.61

°C/W

Thermal Resistance Junction to Ambient, Max. TO-220, D2-PAK (Note 2)

62

°cw

Thermal Resistance Junction to Ambient D®-PAK, Max. 1in® copper pad area

43

°cwW

©2002 Fairchild Semiconductor Corporation 1
FDP2532 | FDB2532 Rev. C2

www.fairchildsemi.com

134SOWN gUdudiLiomod |duueyd-N — Z2€52804d / 2€52d40a4d



Package Marking and Ordering Information

Device Marking Device Package Reeal Size Tape Width Quantity
FDB2532 FDB2532 OP-PAK 330 mm 24 mm 800 units
FOP2532 FOP2532 TO-220 Tube 50 units

Electrical Characteristics 1. = 25°C unless otherwise nated

1= Starting T, = 25°C, L = 0.5 miHl, |y = 404
2: Pulse Width = 100s

Symbol | Parameter | Test Conditions | Min | Typ | Manx | Unit
Off Characteristics
Bypes Drain to Source Breakdown Vaoltage Ig = 250pA, Vg = OV 150 - - W
) Wpg =120V - - 1
! Zero Gate Voltage Drain Current Tl
DEs ero Gate Voltage Drain Curre Vg = OV |Tc:= TEo5 - - 350 !
lgss Gate to Source Leakage Current Vgg =220V - - #1100 na
On Characteristics
Vesmm Gate to Source Threshold Vollage Vag = Vpg. Ip = 250pA 2 - 4 W
Ip= 334, Vg =10V - 0.014 | 0.016
Tosion Drain to Source On Resistance Ip = 164, Vis = BV, - SIS 0.0 8]
Ig = 33A. Vgg = 10V, } 0.040 | 0.048
Te=175C ' )
Dynamic Characteristics
Ciss Input Capacitance - 5870 - pF
Coss Output Capacitance ;‘;55; ;ﬁgu Vas = OV, - 615 - pF
Cres Reverse Transfer Capacitance - 135 - pF
Qgimom Total Gate Charge at 10V Wgg = 0V to 10V - 8z 107 nG
Qgimry Threshold Gate Charge Vgs =W 102V |y = 75y - 11 14 nc
Qg Gate to Source Gate Charge Ip = 334 - 23 - nc
Ogﬂ Gate Charge Threshold o Plateau Ig =1.0mA - 13 - nC
Qg Gate to Drain "Miller” Charge - 19 - nG
Resistive Switching Characteristics (v = 10V)
lon Turn-On Time - - 69 e
Lagony Turr-Cn Delay Time - 16 - ne
L Rise Time Vpp = 75V, Ip = 334 - 30 - ne
Lyorr Turn-Off Delay Time Wgg =10V, Rgg =360 - 39 - ns
I Fall Time - 17 - s
lorr Turn-Off Time - - B4 ns
Drain-Source Diode Characteristics
’ lgp = 33A - - 1.25 W
W, 5 to Drain Diode Volt
'S0 ource to Drain e Voltage oo = 16A - - 0 v
Igr Reverse Recowery Time lzp = 33A, digpfdt= 1008/us - - 105 ng
Qpr Reverse Recovery Charge lgp = 334, digpfdi= 100AJus - - 327 nC
Hotes:

E2002 Fairchild Semiconductor Corporation
FDP2532 f FDB2532 Rav. C2

wawwi fairchildsemi_com
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EPC2001 Data Sheet

eGaN® FET DATASHEET

EPC2001 - Enhancement Mode Power Transistor

Vyee, 100V

Rosiony » 7 ME2
ly, 25A

Gallium Nitride is grown on Silicon Wafers and processed using standard CMOS equipment leverag-
ing the infrastructure that has been developed over the last 55 years. GaN’s exceptionally high elec-
tron mobility and low temperature coefficient allows very low Ryge, while its lateral device structure
and majority carrier diode provide exceptionally low Qg and zero Qss. The end result is a device that
can handle tasks where very high switching frequency, and low on-time are beneficial as well as
those where on-state losses dominate.

EPC2001

EFFICIENT POWER CONVERSION |

RoHS 7 @ Halogen-Free

EPC2001 eGaN® FETs are supplied only in
passivated die form with solder bars
Maximum Ratings
" Drain-to-Source Voltage (Continuous) 100 Applications
o5 . - High Speed DC-DC conversion
Drain-to-Source Voltage (up to 10,000 5ms pulses at 125°C) 120 « Class D Audio
i Continuous (T, =25°C,8,, = 13) 25 X - Hard Switched and High Frequency Gircuits
® | pulsed (25°C, Tpulse = 300 ys) 100 Benefits
Gate-to-Source Voltage 6 - Uitra High Efficiency
Ve [GaetoSouwcevor 5 Y ol S
ate-to-Source Voltage < Ultralow Qs
T Operating Temperature 4010125 % » Ultra small footprint
Tew Storage Temperature -4010 150
UND 0
Static Characteristics (T= 25°C unless otherwise stated)
BVixs Drain-to-Source Voltage Ves=0V, |, =300 pA 100 v
Ioss Drain Source Leakage Vos =80V, Vg =0V 100 250 pA
Gate-Source Forward Leakage Ves=5V 1 5
loss mA
Gate-Source Reverse Leakage Ves=-5V 0.2 1
Vs Gate Threshold Voltage Vos=Ves lo=5mA 07 14 25 v
Rosiony Drain-Source On Resistance Ves=5V,Ipb=25A 56 7 mQ
Source-Drain Characteristics (T= 25°C unless otherwise stated)
=054 Vg =0V, T=25C 1.75
Vo Source-Drain Forward Voltage - v
le =05A, V=0V, T=125°C 18

All measurements were done with substrate shorted to source.

Thermal Characteristics

TYP
Ruc Thermal Resistance, Junction to Case 2.1 aw
Reg Thermal Resistance, Junction to Board 15 aw
Rasa Thermal Resistance, Junction to Ambient (Note 1) 54 aw
Noto 1: Rey i5 determined with the device mounted on one square inch of copper pad, Sngle layer 2 02 copper an FRA board.
See hitpy/fepo-co.s Aorodi ining/A _Tharenal_Py _Of_eGaN_FETs.pdf for details.

EPC — EFFICIENT POWER CONVERSION CORPORATION | WWW.EPC-CO.COM | COPYRIGHT 2013 |

| PAGE1
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eGaN® FET DATASHEET

EPC2007

PARAMETER | TEST CONDITIONS [ mm | e | UNIT
Dynamic Characterstics (T= 25°C unless otherwise stated)
Ciss Input Capacitance 850 950
Coss Output Capacitance Vi =50V Vg =0V 450 525 pF
Cs Reverse Transfer Capacitance 20 30
Qg Total Gate Charge (Vg = 5V) B 10
Qeny Gate to Drain Charge Ves=50V, =25 A 22 27
s Gate to Source Charge 23 18 nC
Qs Output Charge Vo= 50V, Vs =0V 35 40
[#7% Source-Dirain Recovery Charge 0 0
All meazorements were done with subsirate shorted o sounce.
Figure 1: Typical Output Characteristics Figure 2: Transfer Characteristics
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0 —_— 5
128°C
B0 80
_ V=W
=" —a s
@ —ra= Ea
E Va=13 3
2 —Va=2 £
B
g« S
£ =
w0 0
10
000z o we 02 1 1z 14 15 18 2 0 b s 1 15 1 15 3 15 4 45
Vs — Drain to Source Voltage (V) V., - Gate-to-Source Voltage (V)
Figure 3: Ryg, ¥5 Vs for Various Current Figure 4: Rysy s Vs for Various Temperature
i} kil

15

Riimy — Drain to Source Resistance (mtl)
=

Rogmy = Drain to Source Resistance (m&2)
=

DI 15 3 35 4 45 5 55 o 2 15 E 15 4 45 55
Vs~ Gate to Source Voltage (V) Vs = Gate-to-Source Voltage (V)
EPC— EFFICIENT POWER CONVERSION CORPORATION | WWW.EPC-CO.COM | COPYRIGHT 2013 | | PAGE2
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Figure 5: Capadtance
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C2M0025120D Data Sheet

——
g o o= é
L 4 BRY i v 1200 v

C2M0025120D le=z  90A

R 25 m0
Silicon Carbide Power MOSFET

DSdom]
™
C2M MOSFET Technology
N-Channel Enhancement Mode
Features Package

High Blocking Voltage with Low On-Resistance
High Speed Switching with Low Capacitances
Easy to Parallel and Simple to Drive
Avalanche Ruggedness

Resistant to Latch-Up

Halogen Free, RoHS Compliant

Benefits

Higher Systermn Efficiency

Reduced Cooling Requirements
Increased Power Density

Increased Systern Switching Frequency

ications G
Appl i ¢ ™
*  Solar Inverters
*  Switch Mode Power Supplies
*  High Voltage DC/DC converters Part Number Package
*  Battery Chargers
«  Mator Drive C2M00251200 TO-247-3
*  Pulsed Power Applications
Maximum Ratings (T, = 25 °C unless otherwise specified)
Symbeol Parameter Value Unit Test Conditions Note
Vomma | Drain - Source Voltage 1200 Vo | Ves=0V lp=100 pa
Vesme | Gate - Source Voltage -10/+25 V| Absolute maximum values
Vaze Gate - Source Voltage =5/+20 v Recommended operational values
90 Ves =20V, Te=25C Fig. 19
Iy Continuous Drain Current A
60 Vg =20V, Tp=100"C
lojztsey | Pulsed Drain Current 250 A | Pulse width tp limited by Tyna, Fig. 22
P, Pawer Dissipation 463 W | T=25°C.T,=150"C Fig. 20
T.T Operating Junction and Storage Temperature 5510 C
1 laig +150
TL Solder Temperature 260 "C | 1.6mm (0.063") from case for 10s
1 Nm
M, Mounting Torgue 88 Ibfin M3 ar 6-32 screw
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Electrical Characteristics (T, =25°C unless atherwise specified)
Symbol Parameter Min. Typ. Max. | Unit Test Conditions Mote
Vimyzas Drain-Source Breakdown Valtage 1200 v Ves= 0V, I = 100 pA
20 26 q W Wos = Was, Io = 15mA
Vsim) Gate Threshold Voltage Fig- 11
21 W Wos = Was, lo = 15mA, T, =150 "C
loss Zero Gate Voltage Drain Current 2 100 ph | Ves= 1200 Vs =0V
less Gate-Source Leakage Current &00 nAd | Ves= 20V V=0V
. . 25 34 Ves=20V, =50 A Fig
Fageny Drain-Source On-State Resistance md ’
43 Vos =20V, | =50 A, T,=150"C 456
236 Vo= 20V, lee= 50 A )
- Transconductance s Fig- 7
217 Vo= 20V, be= 50 A, T,= 150 °C
C Input Capacitance 2788
(- put Capac Ve =0V -
Com Output Capacitance 20 pF Ve = 1000V 17.18
Coa Reverse Transfer Capacitance 15 f=1MHz
Ermr Con Stored Enengy 121 pd | Vee=25mV Fig 16
Eass Avalanche Energy, Single Pluse 35 J I, = S0A, V= 50V Fig. 29
= Turn=0in Switching Energy 14 Vg = 800 V, Vs = -5/20 ¥,
md ! y Fig. 25
Ecer Turn Off Switching Energy 03 I, =504, R, =2501=412pH
L) Turn=0n Delay Time 14 Vo = BOD V, Vg = -5/20'V
t, Rize Time 3z le= 50 A,
ns Rggey = 2,50, R =160 Fig. 27
tawy | Turn-Off Delay Tima 9 Timing relative 1o V,,
4 Fall Time 28 Per IECA0747+B-4 pg B3
Rapag Internal Gate Resistance 11 a f=1 MHz, Vac= 25 MV, ESR of C
Qg Gate to Source Charge 45 Vioz = 800V, Vez = -5/20 V
Qg Gate to Drain Charge 50 nC |l =504 Fig. 12
Oq Total Gate Charge 161 Per IEC&0747-8-4 pg B3
Reverse Diode Characteristics
Symbol | Parameter Typ. Max. Unit Test Conditions Note
33 v Ve =-8V I =25A .
Ven Diode Forward Voltage 5 = F'g.'lg' 9,
31 v Vg ==5V 1 =25 A T,=150"C
Is Continwous Diode Forward Current 90 T=28°C Mote 1
1 R Reco Ti 45
. everse wery Time ns VI:,--E\EIm!Ed]h.TJ-'ES'C
Q Reverse Recovery Charge 406 nc | VR =800V Mote 1
T dif/dt = 1000 Afps
| Peak Reverse Recovery Current 135 A
Note (1): When using SiC Body Diode the maximum recommended V_, = -5V
Thermal Characteristics
Symbol | Parameter Typ. Max. Unit Test Conditions Mote
Rac Thermal Resistance from Junction to Case 0z4 027 oW Fig. 21
Rac Thermal Resistance from Junction to Ambient 40

y .
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