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eGaN® FET Product Family

Solder side View

2.1 x 1.6 mm

D i

Gate
Substrate (Connect to Source on PWB)

Drain

Source

Part 
Number

Package       
(mm)

Vds  
(Volts)

Vgs   
(Volts)

Rdson 
@5V 

(mohm)

Qg @5V 
Typ.      
(nC)

Qgs Typ.  
(nC)

Qgd Typ.  
(nC)

Rg Typ.    
(Ohms)

Vth Typ.  
(Volts)

Qrr      
(nC)

Id    
(Amps)

TJ(MAX)  
(deg C)

EPC2015 LGA 4.1x1.6 40 6 4 10.5 3 2.2 0.6 1.4 0 33 150

EPC2014 LGA 1.7x1.1 40 6 16 2.5 0.67 0.48 0.6 1.4 0 10 150

EPC2001 LGA 4.1x1.6 100 6 7 8 2.3 2.2 0.6 1.4 0 25 125

EPC2016 * LGA 2.1x1.6 100 6 16 4.1 0.93 0.75 0.6 1.4 0 11 125

EPC2007 LGA 1.7x1.1 100 6 30 2.1 0.5 0.6 0.6 1.4 0 6 125
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EPC2010 LGA 3.6x1.6 200 6 25 5 1.3 1.7 0.6 1.4 0 12 125

EPC2012 LGA 1.7x0.9 200 6 100 1.5 0.33 0.57 0.6 1.4 0 3 125



Ultra High Frequency
eGaN FETseGaN FETs

Max. 
RDS(ON)

Min. Typical Charge
Typical 

Capacitance (pF)

BV (V)

(pC)
(mΩ) Peak Id (A) (VDS = 20 V; VGS = 

0 V)

EPC Part No. (VGS = 5V, (Pulsed,  25 
oC,

Q Q Q Q QQG QGD QGS QOSS QRR

ID = 0.5 A) Tpulse = 300 
µs) CISS COSS CRSS

EPC8004 40 125 7.5 358 31 110 493 0 45 17 0.4

EPC8007 40 160 6 302 25 97 406 0 39 14 0 3EPC8007 40 160 6 302 25 97 406 0 39 14 0.3

EPC8008 40 325 2.9 177 12 67 211 0 25 8 0.2

EPC8009 65 138 7.5 380 36 116 769 0 47 17 0.4

EPC8005 65 275 3 8 218 18 77 414 0 29 9 7 0 2EPC8005 65 275 3.8 218 18 77 414 0 29 9.7 0.2

EPC8002 65 530 2 141 9.4 59 244 0 21 5.9 0.1

EPC8003 100 300 5 315 34 110 1100 0 38 18 0.2

EPC8010 100 160 7.5 354 32 109 1509 0 47 18 0.2
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eGaN® is a registered trademark of Efficient Power Conversion Corporation 



TechnologyTechnology
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Fundamental
Material Superiorityp y

GaN (R/500)

Silicon (R)

• GaN has a 10x advantage in critical electric field• GaN has a 10x advantage in critical electric field.
– For a given breakdown voltage, GaN terminals can be one tenth the distance apart 

compared with Silicon
• GaN has a 50x advantage in resistivity

– For a given geometry, GaN resistance will be one 50th of that of Silicon
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For a given geometry, GaN resistance will be one 50 of that of Silicon
• GaN has a 500x theoretical material advantage over Silicon



eGaN FET Structure

Dielectric

AlGaN Electron Generating Layer+-

Dielectric

DGS Two Dimensional
Electron Gas (2DEG)

GaN
Aluminum Nitride
Isolation Layer

- - - - - - - - - - - - - - -- - - - Electron Gas (2DEG)

Si

• Works like a MOSFET
– Positive Gate to Source Voltage turns on bidirectional 

channel
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channel

– Gate shorted to Source blocks from Drain to Source
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channel

– Gate shorted to Source blocks from Drain to Source



Flip Chip Assembly

HEATSINK
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Cross Section of an eGaN FET
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GaN is …

• For a given RDS(on)
– 1/5 the QGS1/5 the QGS
– 1/10 the QGD
– 1/2 the QOSS
– 1/20 the LCS1/20 the LCS
– 1/5 the L
– Zero QRR

• GaN Enables Higher Frequency
– Smaller, lighter, cheaper energy 

storage elementssto age e e e ts
– Faster Transient Response
– Increased bus voltages
– Reduced motor size and weight
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Reduced motor size and weight



Switching Performance

• Superior conduction characteristics allow a much smaller chip 
for the same RDS(ON)( )

• The smaller device and lateral structure give much lower 
capacitances and charges for the same RDS(ON)
– QGD – determines classic switching loss - 1/5 to 1/10 of a MOSFET– QGD – determines classic switching loss - 1/5 to 1/10 of a MOSFET 

with similar RDS(ON)

– QOSS - < ½ of that of MOSFET with similar RDS(ON)

• Hard switched losses proportional to Q• Hard switched – losses proportional to QOSS

• Soft switched – switching time proportional to QOSS

• QOSS x RDS(ON) will be improved with Gen 3.

Q There are no minority carriers no stored charge and zero Q– QRR – There are no minority carriers, no stored charge and zero QRR

• The small, wide package gives very low inductance 
– Inductance has become a dominating contributor to switching 

f
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performance



Total Gate Charge

EPC2001 = 100 V, 5.6 mΩ typ.
BSC057N08 80 V 4 7 Ω tBSC057N08 = 80 V, 4.7 mΩ typ.

BSC057N08NSBSC057N08NS

www.epc-co.com 13EPC  - The Leader in eGaN® FETs          Confidential Information, Distribution Prohibited Without Permission



EPC9107 Demonstration Board

VIN=12-28 V   VOUT=3.3 V 
IOUT=15 A     FS=1 MHzOUT S

2 x EPC2015 

V =28 V~3V overshoot @ 15 Aout VIN=28 V

Switching Node 20ns

~1.1ns rise time @ 15 A

Switching Node 
Voltage 

V =28 V IO =15 A

20ns
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5 V/ div
VIN=28 V IOUT=15 A



Silicon Vs eGaN Wafer Costs

With superior RDS(ON) x Area eGaN FETs have many more devices per wafer
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With superior RDS(ON) x Area, eGaN FETs have many more devices per wafer



Gen 3 eGaN FETsGen 3 eGaN FETs
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Fast Gets Faster

EPC8004EPC8004

EPC2014
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How Fast is Faster?
• 20 V

EPC8007 driven by LM5113 Small signal Performance
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High Frequency Packaging

Gate
Source 
(Gate 

)

Source Source

Return)

Drain Substrate

• Separate gate return (source)p g ( )
• Low inductance gate
• Orthogonal gate and drain circuit layout
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g g y
• Low internal parasitic inductances



Envelope Tracking
VIN = 42 V, VOUT = 20 V

p g
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Wireless Power Transfer
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Generation 3 eGaN® FETs

Max. 
RDS(ON)

Min. Typical Charge
Typical 

Capacitance (pF)

BV (V)

(pC)
(mΩ) Peak Id (A) (VDS = 20 V; VGS = 0 

V)

EPC Part No. (VGS = 5V, (Pulsed,  25 
oC,

Q Q Q Q QQG QGD QGS QOSS QRR

ID = 0.5 A) Tpulse = 300 
µs) CISS COSS CRSS

EPC8004 40 125 7.5 358 31 110 493 0 45 17 0.4

EPC8007 40 160 6 302 25 97 406 0 39 14 0 3EPC8007 40 160 6 302 25 97 406 0 39 14 0.3

EPC8008 40 325 2.9 177 12 67 211 0 25 8 0.2

EPC8009 65 138 7.5 380 36 116 769 0 47 17 0.4

EPC8005 65 275 3 8 218 18 77 414 0 29 9 7 0 2EPC8005 65 275 3.8 218 18 77 414 0 29 9.7 0.2

EPC8002 65 530 2 141 9.4 59 244 0 21 5.9 0.1

EPC8003 100 300 5 315 34 110 1100 0 38 18 0.2

www.epc-co.com 22EPC  - The Leader in eGaN® FETs          Confidential Information, Distribution Prohibited Without Permission

*  Preliminary Data – Subject to Change without Notice



Packaging and LayoutPackaging and Layout
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LGA has very low inductance

Gate Return Power Source
Control LS

Gate
Cin

Rectifier

LLOOP

Drain

• Source Inductance common to the gate drive and control loops, LS, 
slows current commutation by reducing effective gate drive during di/dty g g g

• High Frequency Loop Inductance causes increased losses, high peak 
voltage and increased ringing

• LGA Package has low common source inductance and enables low
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• LGA Package has low common source inductance and enables low 
high frequency loop inductance



Half Bridge Layout Options

Horizontal Vertical
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Optimal



Layout Comparison
Efficiency Resultsy
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2 4 6 8 10 12 14 16 18 20 22

Ef

Output Current (IOUT)

Vertical Loop eGaN FET
Vertical Loop MOSFET

Optimal Loop eGaN FET

12 V to 1.2 V, 1 MHz 24 V to 1.2 V, 1 MHz

• Package inductance of MOSFETs dominates both common source inductance• Package inductance of MOSFETs dominates both common source inductance 
and high frequency loop inductance losses

• eGaN FET wafer level LGA packages have ultra-low inductance and allow 
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ultra-low high frequency loop inductance



Switchnode Peak and Ringing

40 VVertical Loop Si MOSFET

Vertical Loop 
eGaN FET

Optimal Loop 
eGaN FET

VIN=24 V

• Low inductance high frequency loop reduces peak voltage and ringing
• Lower voltage device for same application can further increase efficiency
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• Lower voltage device for same application can further increase efficiency
• Reduced ringing eases design for EMI



Optimal Layout 
ImplementationImplementation

C
CIN

CIN

U2
Q1

U2 Q1

2

Q2
Q2
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Footprint

Cu trace
Stencil

Cu Trace Stencil

Solder 
B

Solder
BarBar

• Fine pitched LGA requires careful footprint and solder

Solder MaskSolder Mask
Opening

Fine pitched LGA requires careful footprint and solder 
mask design.
– Please see detail in:
– http://epc-co.com/epc/documents/product-training/Appnote_GaNassembly.pdf
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Gate Drive andGate Drive and
Reverse Conduction time
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Gate Drive Considerations

• 4.5 V is sufficient for full 
enhancement

• VGS(Max) = 6 V
– Limited overheat requires low 

inductance gate loopinductance gate loop.

• VSD is high compared with 
MOSFETs
– Must be considered with high current 

applications
– Also causes distortion with class DAlso causes distortion with class D 

amplifiers
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Deadtime
Optimize with External SchottkyOptimize with External Schottky

~ 2.5x 
dead time  

rangeg

• Low Inductance Packaging and high VSD enable 
effective transfer from FET to Diode
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• Low Inductance Schottky is required



12 VBUS Efficiency Measurements

40 V eGaN FET

40 V MOSFET
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eGaN® FET Drivers

• LM5113:  Dual driver for HB and 
FB

• Single Driver : Boost, Flyback, Forward, 

Sync. Rect, solar & motor control.
• Pushpull, HB/FB, Sync Buck, two switch forward, 

active clamp

• Split outputs for adjustable turn-on/turn-off 
t ( t ll d i )

•LM5114 : 
• Sink 7.6A & Source 1.3A

• 4 to 12.6V supply
currents (common to all drivers)

• Internal bootstrap supply voltage clamping at 5V 
for HS driver

• 107V max at HS (LX) Pin

• LLP-6 and SOT23

• Inverting gate drive

• UVLO only
107V max at HS (LX) Pin

• 5A sink & 1.2A Source

• 28ns propagation time

• 4x4 mm & 2x2mm, Up to 12 MHz 

• 12ns propagation delay

•UCC27611: 

• Sink 6A & Source 4A

• 4-18V supply 

• 2x2mm package
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• 2x2mm package
• With thermal pad

• 14ns propagation delay

• Internal clamp & UVLO3

Works as high side & low side drivers



LM5113
eGaN FET Half Bridge Gate Driver

Key Features

 0.5 Ohm Sink and 2 Ohm Source Capability
 Independent Source and Sink Outputs Independent Source and Sink Outputs
 Bootstrap Voltage Clamp
 Vcc UVLO optimized for eGaN FETs (3.5V)
 100V VHS  Rating
 >50V/ns dv/dt Immunity at VHS >50V/ns dv/dt Immunity at VHS
 Independent TTL Inputs
 Short  Propagation Delays  (25ns)
 4ns Delay Matching Between Channels
 Low Power Consumption  (2mA @ 0.5MHz) 

• Packages: LLP-10 (4mm x 4mm),

Availability

p ( @ )

Packages: LLP 10 (4mm x 4mm),                  
uSMD12 (2mm x 2mm)
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Advanced Driver

• Existing technology can be used to manage reverse conduction time to 
within 5 ns in a production line
Needed Driver with single input with simple bidirectional deadtime set• Needed – Driver with single input with simple, bidirectional deadtime set

• Can the speed of GaN FETs be taken advantage of as part of the driver 
integrated in the power device to achieve?

Toolbox includes Depletion Mode devices
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– Toolbox includes Depletion Mode devices

• Ideas for sub nanosecond diode conduction time at critical conditions?



ApplicationsApplications
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High Frequency Conversion

EPC8005EPC8005

EPC2014
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High Frequency Evaluation

• LM5113 BGA driverLM5113 BGA driver

• 2x 0201 resistors in 
parallel to minimize gate

Bus caps

parallel to minimize gate 
inductanceLM5113

EPC8005

• Optimum gate and power 
loops

EPC8005

SO‐8 footprint

42 V to 20 V / 2 A buck
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42 V to 20 V / 2 A buck



High Frequency Efficiency
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Regulated, Isolated 48 V to 12 V
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Resonant Converters
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FS = 1.2 MHz, VIN = 48 V, and IOUT = 26 A



eGaN FET Efficiency is Superior
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VIN = 48 V, VOUT = 12 V, FS = 1.2 MHz

For a board’s limited by power dissipation eGaN FETs
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Output Current (IOUT)
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For a  board’s limited by power dissipation, eGaN FETs 
allow higher output power for same power dissipation



48 V to 12 V Buck, 400 kHz
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48 V Buck Power Stage
22.8mm 
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8 x EPC2001 
4 Top Devices and 4 SR in parallel



eGaN FET Parallel 
WaveformsWaveforms

10 V/div

200 ns/div
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FS = 300 kHz, VIN = 48 V, VOUT = 12 V, and IOUT=30 A



Higher Current?...Parallel
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Output Current (A)Output Current (A)
VIN=48 V, VOUT=12 V, FS=300 kHz

Output Current (A)



Intermediate Bus 
Improvements
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Output Current (A)Output Current (A)Output Current (A)
VIN=48 V VOUT=12 V



Class D Amplifiers with eGaN FETs

• FETs for Class D audio amplifiers balance the low RDS(ON)

necessary for precise loudspeaker control and high sound qualitynecessary for precise loudspeaker control and high sound quality 
against the low loss switching necessary for high frequency and 
high efficiency operation. 
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Class D Audio
250 W into 4 Ω
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EPC Class D Audio Demo Board

P Bl k N H t i k G N FET 2 1 1 6
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Power Block, No Heatsink, eGaN FETs 2.1 mm x 1.6 mm 



EPC Class D Audio Demo Board

• THD+N vs. Level @ 1kHz, 8Ω
@ 5W Po er 0 003%**– @ 5W Power 0.003%** 

– @ 15W Power 0.005%** 
– @ 50W Power 0 006%@ 50W Power 0.006% 
– @ Full Power 0.03% 

• THD vs Freq < 0 03% (20Hz to 20kHz)THD vs. Freq < 0.03% (20Hz to 20kHz)
• SNR/DNR 107.8dB Unweighted

110dB (A Wtd)110dB (A-Wtd)
• PWM  Freq 440 kHz
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Wireless Power Transfer
Class DClass D

+

VDD

QRF1 V / I V
Crp CrsLrp Cmp

QRF1

VDS_QRF ID_QRF

VDD

Co

Cmrp

Lp Ls Cms
QRF2

time50%Load
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Wireless Power Transfer
Demo Board

eGaN FETs 
RF

Device 
Board

Coil 
Feedback

Device 
CoilRF 

connection
BoardFeedback Coil

m
m

m
m

50mm50mm

2525

Source 
Coil

Source 
Board

RF 
connection
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Wireless Power Transfer
End to End EfficiencyEnd to End Efficiency

72
Efficiency 

[%]
6.639 MHz, 23.6 Ω load

62
64
66
68
70

Vin =22V

54
56
58
60
62

Vin  =8V
Vout=6.8V

in  
Vout=18.3V

54
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Output Power [W]

• Opportunity for optimization
• EPC is looking for a partner to work with on product definition
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Efficiency as Function of Load Power
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Class E results

• While Class E provides higher efficiencies under certain load 
and distance conditions, efficiency falls off  significantly as load 
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y g y
and distance change generating control challenges.



LiDAR Mapping, Sonar, Water 
Depth Measurementp

• Fast switching and low RDS(ON) drive 
resolution and repetition rate

C ll t b tt d t f t
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– Collects better data faster



Other Applications

• Envelope Tracking RF Amplifier Power Supply
eGaN FETs enable bandwidth for effective tracking– eGaN FETs enable bandwidth for effective tracking

• Ultra High Frequency Resonant Power Conversion
G N FET bl i d lt hi h– eGaN FETs enable air cores and ultra high power 

density

M t D i• Motor Drives
– Higher frequency reduces harmonics increasing motor 

efficienc and red ced filteringefficiency and reduced filtering
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Other Applications

• MRI
eGaN FETs enable broadband detuning and higher– eGaN FETs enable broadband detuning and higher 
resolution

Solar Po er Generation In erter and Optimi er• Solar Power Generation – Inverter and Optimizer
– eGaN FETs enable higher efficiency and power density

P Eth t PSE d PD• Power over Ethernet– PSE and PD
– eGaN FETs enable higher efficiency and power density
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Development Boards
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Demonstration Boards
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Beyond Discrete Devices

Driver On Board

Discrete FET with Driver

Full-Bridge with Driver and Level Shift
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Status

• EPC and customers have demonstrated increased 
efficiency at increased frequency in manyefficiency at increased frequency in many 
applications

EPC G N FET bl f l i ld• EPC eGaN FETs enable new ways of solving old 
problems

D d i d i f EPC G N FET• Demand is strong and growing for EPC eGaN FETs

• New epi reactor is functioning well and will be 
qualified by August, 2013

• Process capable of 400 V
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Actions

• What applications can eGaN FET technology 
h l i t t dhelp you increase output power, decrease 
size, or increase market share? 

• Cooperation – work together to realize the 
value of GaN on
– Demo Boards
– Papers
– Drive block
– GaN IC
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The eGaN® FET 
Journey ContinuesJourney Continues

The end of the road 
for silicon…..

is the beginning of 
the eGaN FET 

j !journey!
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