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GaN HEMT
GaN ṕE- HEMTṖ
GaN Enhancement mode High Electron Mobility Transistor 

Á AlGaN/ GaN 2 (2DEG)
Á 0V 2DEG 2DEG
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E-HEMT 
Si MOS FET

Á ṕ Ṗ
Á ²CISS 

Á I GSS

Á RG VDS

Si MOS FET
Á ṕQGṖ :
Á VGS : 5 -6V 
Á VG(th ) Ḳ1.5VṕtypṖ

E-HEMT

Á : +7/ -10Vṕ Ṗ
Á

Á PN

RG,ext
CGD

CGS

RG,int CDS
Gate

Drain

SourceCISS = C GD+C GS

GaN Systems 
GaN E-HEMT

Si MOS FET IGBT SIC MOS FET

-10/+7V +/-20V +/-20V -8/+20V

0 or-3/ +5-6V 0/+10-12V 0 or -9/+15V -4/+15-20V
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Á ỄDEG ễ ²
Á ( ) 2DEG VF= V th+ V GS(off)

Á : 1) ; 2) V GS(off)

GaN Reverse I/V Curve

VTH+VGS(OFF)
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QRR:
Á GaN QRR IGBT

Á Si MOS FET QRR

Á GaN

VDS

VGS

I D

Math: V DS * I D

400V/20A ²GaN E-HEMT400V/20A ²SJ Si MOS FET

Si MOS FET 
EON= 6670uJ!
( QRR Ṗ

:
1. dI RR/ dt

2.

Qoss :
1.
2. I D

GaN E-HEMT
EON = 92 uJ
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VGSH

VGSL

: t d_pwm > t delay_skew + (t d(off) - t d(on) )

Á RG / +/ -5ns (GS66508)
Á /
Á ex. Si8261 t delay_skew_max = 25ns . Min 30ns
Á ḳGS66508 50 -100ns

Á ZVSṕ Ṗ
Á 100V GaN (10-20ns ) ṕ100V Ṗ

td_pwm: PWM

t d_actual :
t delay_skew :

t d_actual ὀ td_pwm - tdelay_skew- td(off) + td(on)
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²
GaN Si SiC MOS FET ; dv/ dt >100V/ns 

VGS

GaN E-HEMT GS66508T 

(650V/50mɋ)

Cree SiC C3M006509D (900V/

65mɋ)

Vgs=12V/-3V (SiC)

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

VDS=400V

4.5ns (90V/ns)
17ns (18V/ns)

Double Pulse Test Hard Switch Turn-on 

(VDS=400V, ID=15A, RG(ON)=10ɋ)

Á GaN SiC MOS FET 4 2

VDS=400V

GaN E-HEMT SiC

Vgs=12V/-3V (SiC)

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

Hard Switching Turn-off (VDS = 400V, ID = 15A, RG(OFF)=1ɋ)

5.7ns
10ns
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GaN E-HEMT :

Á dv/ dt di/ dt CISS VG(th )

ẓ

Á

Á GaN

Á dv/ dt

Á (ZVS)
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(R G LG) 

;
dv/ dt 100V 650V

CGD

CDS

CGS

RGLG

LD

LCS

LS

imiller
ROL

VDS

VGS

Positive dv/dt

Á

Á (RG/R OL Ṗ
Á LG

Á ṕ Ḳ-2 to -3VṖ

Negative dv/dt

CGD

CDS

CGS

RGLG

LD

LCS

LS

imiller
ROL

VDS

VGS

VGS-_pk

VGS+_pk

Á VGS-_pk -10V
Á RG/R OL LG

Á VGS 0V (LC )ḳ
VG(TH)

SWSW
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dv/ dt ; VGS
ṕLC Ṗ
Á CISS/C RSS VDS <50V VGS 

Á ṕRGON Ṗ ( RG LG )
Á TVSẁ ( )
Á CGS ( Lgate LCS LC Ṗ
Á Vgs-pk ṯ-10V

ẁTVSṕTransient Voltage Suppressor Ṗ

VGS

-3V

6V

VDS

-7V

dv/ dt

<0V

RON=20WDCLAMPRON=20W, DCLAMP

-13V 
-2V 

VO+
RGON

RGOFF

Gate 

Dr iver
G

D

S
VEE

VO-

VDD

-3V

+6V

DZ1

3V3

D2

VO

RGON

RGOFF D1

Gate 

Dr iver

GND

Dclamp

CGD

CGS

LCS

0V
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Á GaN E-HEMT 
Á RG(ON) /R G(OFF)

Á RG

Á RG(ON) /R G(OFF)  5-10
Á GaN Qg : 1005 / 1608

RG(ON) :
Á dv/ dt
Á RG(ON) dv/ dt
Á RG (ON) dv/ dt
ẓ

Á GS66508Ḳ RG(ON) 10 -20͘

RG(OFF) :
Á 1-2͘
Á

VO

RGON

RGOFF D1

Low Vf Schottky Diode

Gate 

Dr iver
G

D

SGND

VO+
RGON

RGOFF

Gate 

Dr iver
G

D

S
GND

VO-

( ) 
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Ṋ

Á Ṋ LG

Á LCS ṕdi/ dt )
Á CGD (dv/ dt )
Á

Á LG, L CS G-D :
Á

Á

Á LCS

Á RG

Á ( -3V) 
Á LC :
Á ṕZ0=10 -20 @͘100MHzṖ

( LG )  
Á RC G-S : R=3.3 ͘ / C=200 -470pF

CGD

CGS

RGLG

LD

LCS

LS

RG1

LCS

FB1

Z=10-20

RG1

LCS

LG

RS1

CS1

3.3

100-200pF200-470pF

3.3ɋ
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GaN dv/ dt >100kV/ ßs :
Á CIO

Á CIO CMTIẁ

Á CMTI
CMTIṕ ḲCommon Mode Transient Immunity Ṗ

:
Á

Á ²

:
Á 100V
Á

Á Cj

Á

IsolatorPWM

D

G

S

Isolated DC/

DC

Gate Driver

RG_ON

RG_OFF

VCC

0V

0VGDH

VCM

0V

ICM

High side floating ground VCM

CIO

CIO

ICM

ICM

Isolated DC/

DC

VCC

High side floating ground

CIO

ICM
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0-6V 
Á

Á GaN E-HEMT ( 7V 5-6V )
Á ; (V GS>7V) 
Á ; VGS 6V

Á ỈV

ễ 9V

+9V

0V

DB1

+6V

1K

DZ1 C1

5.8V

0VGDH

CB1

+9V

0V

DB1

+6V

C1

0VGDH

CB1

R1
LP2985IM5-6.1

IN OUT

GND

D

G

S

Q1Gate 

Driver

RG_ON

RG_OFF

D

G

S

Q2Gate 

Driver

RG_ON

RG_OFF

+6V

0V
Isolator

DBS

0VGDH

CBOOT

0VGDH

PWM_H

VDRVH

PWM_L

VBUS+

GND

-2 ~ -2.5V

0V

0.6V

VOUT

+

-

VSD

Can be over-charged to 7-9V

ṕ
;100V Ṗ

+6V

0V

DB1
DZ1 C1

5.8V

0VGDH

VDRV

ỈV

7-9V
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GaN / IC

GaN Systems GaN E-HEMTs Ḳ

Configurations Gate Driver/Controller IC Design resources

650V Half/Full Bridge:

1. DC/DC: LLC, PSFB, 

Sync Boost/Buck

2. AC/DC: Totem pole 

PFC, Active Clamp 

Flyback

3. Inverter, motor drive

Si8271ïSingle;

Si8273/4/5ïHB/Dual

-GB (0-6V) or ïAB (-3/+6V)

Si827x Datasheet

Si8271 demo board (GS66508T)

IMS evaluation board User Guide

ADuM4121ARIZ (0-6V Drive)

ADuM4121BRIZ (-3/+6V Drive)

ADuM4121 Datasheet

ACPL-P346

Use -4/+6V gate drive

ACPL-P346 Datasheet

ACPL-P346 Evaluation Board with 

GS66508T

80-100V Half/Full bridge

1. 48V DC/DC

2. 48V POL

3. Sync. Buck/Boost

4. Class D Audio

5. Wireless Power 

Transfer

LM5113(NRND): 100V, max 5MHz

LMG1205: 80V/5A HB Driver

LM5113 Datasheet

LMG1205 Datasheet

PE29101: 100V, 48V DC/DC,

33MHz

PE29102: 60V, Class D Audio, 

WPT, 40MHz

PE29100 Datasheet

PE20102 Datasheet

PE29102 Demo board (GS61004B)

UPI Semi GaN FET drivers:

uP1966A: Dual-Channel GaN 

driver

uP1966A GaN Driver

Ultra High Speed 80V HB Driver for 

GaN Application

https://www.silabs.com/documents/public/data-sheets/Si827x.pdf
http://www.gansystems.com/gs66508t-evbdb.php
http://www.gansystems.com/evaluationboards/GSP65RXXHB-EVB_UserGuide_rev_20171219.pdf
http://www.analog.com/media/en/technical-documentation/data-sheets/ADuM4121_4121-1.pdf
https://docs.broadcom.com/docs/AV02-4078EN
https://docs.broadcom.com/docs/ACPL-P346-RefDesign-RM101
http://www.ti.com/lit/ds/symlink/lm5113.pdf
http://www.ti.com/lit/ds/symlink/lmg1205.pdf
http://www.psemi.com/pdf/datasheets/pe29100ds.pdf
http://www.psemi.com/pdf/datasheets/pe29102ds.pdf
http://www.gansystems.com/gs61004b-evbcd.php
https://www.upi-semi.com/en-article-upi-683-1950
https://www.upi-semi.com/en-article-upi-292-1941
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Configurations Gate Driver/Controller IC Design resources

Low side non-isolated 

driver for 650V/100V GaN*:

1. Flyback, Push-pull

2. Forward

3. Boost PFC

4. Secondary SR

5. Class E P/A

LM5114/UCC27511: Single 

Channel, 4A, 5-6V drive

UCC27611: w/ internal LDO (5V)

LM5114 Datasheet

UCC2751x Datasheet

uP1964: Internal LDO for 6V drive
uP1964 Datasheet

Other GaN 

compatible 

drivers  

IXD609SI: Single, 6V drive, high drive current (9A)

FAN3122/TC4422: Single, 6V drive, high drive current (9A)

FAN3223/4/5: Dual 4A, 6V drive, for push-pull or SR application

Sync Buck DC/DC (100V 

GaN):

1. 48V-12V DC/DC

LTC7800: 60V, Sync. Step-Down 

Controller (up to 2.2MHz, w/ 

integrated GaN compatible drivers)

LTC7800 Datasheet

Secondary side 

Rectification (100V GaN):

1. High frequency LLC

2. Flyback

NCP4305A: 5V gate drive clamp, 

1MHz max

NCP4305 Datasheet

SRK2001: Adaptive SR controller 

for LLC, 5-6V drive for GaN, 

500KHz max

SRK2001 Datasheet

[*] /

GaN / IC

http://www.ti.com/lit/ds/symlink/lm5114.pdf
http://www.ti.com/lit/ds/slusaw9f/slusaw9f.pdf
https://www.upi-semi.com/files/1850/0178fb25-6452-11e6-888f-c5d1c773e936
http://cds.linear.com/docs/en/datasheet/7800f.pdf
http://www.onsemi.com/pub/Collateral/NCP4305-D.PDF
http://www.st.com/content/ccc/resource/technical/document/datasheet/a5/10/10/02/78/31/4a/88/DM00156259.pdf/files/DM00156259.pdf/jcr:content/translations/en.DM00156259.pdf
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650V #1 ²0-6V 

Si8271 - (0 -6V )VDD: 5,9
12V 

dv/ dt

DC/DC PS1 :
ÅVDD 9V , 1W, 3kV
Ådv/ dt CIO

Å / :
ÅRECOM R1S -xx09/HP
ÅMornsun Fxx09XT -1WR2

PWM :
Å ễ.3Vor5V
Å RC
Å

( - IS1)

6V VDRV

Enable:
Å VDDI 
ÅEN

(100nF) 

Isolation

:
RGATE R2: typ. 10 -20Ĩ
RGATE R3: typ. 1 -2Ĩ

ZVS
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Si8271 - ( -3/+6V drive)
Å

( )
Å

Å

DZ1 R2 9V + 6V -3V
. 

0V GaN SS

Å C7/C9 U1
VDD/GND

ÅU1 Q1 Gate/SS 

Å9V UVLO 

650V # 2 ²






































