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Basic structure of GaN E

-HEMT
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GaN Enhancement mode High Electron Mobility TransisteHEMT)

A A lateral 2dimensional electron gas (2DEG) channel formed on AlGaN/GaN hetero

epitaxy structure provides very high charge density and mobility

A For enhancement mode operation, a gate is implemented to deplete the 2DEG
underneath at OV or negative bias. A positive gate bias turns on the 2DEG channel

A It works like a MOSFET except with better switching performance
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Simple -driven GaN Technology

Common with Si MOSFET

True enhancemenmode normally off
Voltage driven driver charges/dischargessg

Easy slew rate control by;R

A I
A :
A Supply Gate leakaggskonly Roext Gate | Raint
A @ AA——+ARA
A Compatible with Si gate driver chip I

I

Differences L _
A Much Lower Q: Lower drive loss; faster switching Ciss = Cap+Cas

A Higher gain and lowerd4: +56V gate bias to turn on
A Lower \ .y typ. 1.5V

. GaN Systems _.
Versus other enhancemeninode GaN Gate Bias Level .\ ooy S MOSFE

A More robust gate:20/+10V max rating Maximum rating [EEEZVESOVAM -/+20V

SIC MOSFE

IGBT

-[+20V -8/+20V

A No DC gate drive current required - :
g . Typicalgate bias ESHEVIERNE /. 10.1o\

A No complicated gate diode / PN junction values

0 or-9/+15V| -4/+15-20V

x GaN HEMTare simple to drive for more info please refer to application no&N012




GaN Technology Comparison GaN svsten

GaN System&mode HEMT D-mode GaN(L‘ascode) GaNGate Injection Transistor (GIT)

A True Enhancement mode

A Simple 3terminal power switch
A Best FOM and performance

A Island technology Easy to scale
A GaNPx embedding package

A No reverse recovery loss

A Easy to parallel

_]__L EL SoUree {fo— Drain Vg > Vf of GaN-PN junction
G GAN(BOOV) Hole injection
Ncirmally On % i-AIGaN. Electron generation
Q oooI

; JHQO&VF? R Large drain current

N i .._..-.._-....(__ ) - Large drain current (conductivity modulation)
S| Silicon 30V m, << m, i-GaN
Normally Off

A D-mode technology A High gate current required (like BJT)

A Uncontrollable Speed (EMI) A Difficult to drivec Complicated gate
A Internal Node causing reliability characteristics
problemsg Hard to troubleshoot A Recombination current:
A Requires matching between Si/GaN A Strong temperature dependency
¢ Hard to scale A Paralleling stability is a concern
A Reverse Recovery (Qrr) A Lower speed
A Difficult to parallel A Worse FOM than-HEMT
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Figure of Merit GaQN svseens
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Figure of Merit of 650V/600V Power Switches (Feb.2020 update)

x GaN Systems-ode devices havsuperior R & Qg performanceover Si and SiC MOSFETS,
resulting inlower switching charge requirementandfaster switching transition




Reverse Conduction Characteristics GQN 5=

GaN E-HEMT MOSFET Si IGBT
® GaN Reverse I/V Curve Gate

Vg =6V
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V=2V

A ;B ON _HﬁT$RDs(ON) 4%1‘ }T
w R e

A When gate is OFF (during dead tin)EGexhibits DS(REV)
like a diode WithV= Vi cot Vesiordy kot Rspon

x There isno body diode(as with Si and SiC MOSFETS)
x But, GaN2DEGanconductin 3rd quadrant¢ No need for antiparallel diode(as in Si IGBT)

For more infohttps://gansystems.com/wgcontent/uploads/2020/01/Commosmisconceptionsaboutthe-MOSFEbBody-diode.pdf ﬂ
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Zero Reverse Recovery GQN swster

A Qoss only,
A There is zero reverse
recovery in GaN HEMT
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X Zero reverse recovery resultslower switching lossandless EMI noise




Output Capacitance
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x  SI SIMOS had.0xhigher Co(tr) than GaN; SiC MOS Ra@%higher Co(tr) than GaN.
x Smaller output capacitance resuitslower switching lossindeasier zero voltage

switching realization (ZVS)
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Co(tr) = Qoss / V
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Faster Switching Transition

_ GaN E-HEMT GS66508T
VDS‘.4OOV , (650v/50mq)
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17ns (18V/ns)
4.5ns (90V/ns

Vgs=12V/-3V (SIC)
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Double Pulse Test Hard Switch Turn-on
(VDS:4OOV, [ p=15A, RG(ON):].OC{)

https://gansystems.com/

Vps=400V

GaN E-HEMT sic

10ns

Vgs=12V/-3V (SiC) I

Vgs=6V/-3V (GaN E-HEMT)

Hard Switching Turn-off (Vps= 400V, Ip = 15A, Rgorr=1q )

GaN hadx faster turnron and2x faster turnroff than state of art SIC MOSFET with similaydg,
Faster switching transition resultslmwer switching loss
Layout is important for maximize the performance of GaN HEMTs. For more info: GNOO9
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Switching Energy
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x The switching loss of a GaN HEMdigsificantly lowerthan 650V SIC MOSFET with simijgfdR,
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Design Center

AMany resources
available
AEasy to find
AEasy to use
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