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Overview ‘

* GaN Systems provides Pspice/LTSpice simulation models for GaN Enhancement mode
HEMT

* In this presentation, a half bridge double pulse test circuit in LTSpice is introduced and

used as the test bench to evaluate switching performance under different electrical
parameters

* Switching losses were simulated and compared with Lab measurement
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Half Bridge Double Pulse Test Bench in LTSpice

GAN SYSTEMS SWITCHING LOSS DOUBLE PULSE TEST BENCH

-model SW_GDH VEWITCH Rofi=1e6 Ron=2 Voff=0 Vor=1
-model SW_GDL VSWITCH Roff=1e6 Ron=.4 Vofi=0 Yon=1 .tran 03U 0 0.1n

-opton ITL1=500
.option ITLZ=500
-option ITLA=500
-option RELTOL=0.01
.option ABSTOL=1E-09
-option CHGTOL=1E12
option YNTOL=1E-6
.option GMIN=1E-15
-option TRTOL=1
.Option Noopiter
&LM -option gminsteps=0
med .opition topologycheck=0
~H{L_DS}

.option temp=25; Set Tj
L12

LB
- ﬂ’“‘ic-.—f il —w
C13 n 10p

— L)

[2u L10 T‘““l' JLEE

e ] e
n 10p

.param VBEUS=40{ ; DC bus voltage

.param ISW=30 ; Switching Current

.param RGON =10; Tum-on Gate Resistor
c;ﬂ-" .param RGOFF = 2; Tum-off Gate Resistor

‘_:j{l-_nsl

param VDRV _P = 6; Tum-on gate voltage

.param VDRV _N = 3; Tum-olf gate voltage

param DT = 100n; dead tame

.param T_ON = 2U; Turm-on pemod

.param L_DPT = VBUS * {T_ON-2*DT) / I5W ; calculated L for switching current
.param T_P = 2.5U; total pemod

.param L_GATE =3MN; gate inductance

.param LS_EX= 10p; external source inductance

.param L_DS =2N; power loop inductance

HS/LS Gate driver circuit =7
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Half Bridge Double Pulse Test Bench in LTSpice

4 N
Set up the simulation parameters:

.option temp=25 ; Junction temperature setting, adjust between 25 and 150C

.param VBUS = 400; DC bus voltage )
.param ISW = 30; Switching Current

.param RGON =10; Turn-on Gate Resistor Switching test parameters
.param RGOFF = 2; Turn-off Gate Resistor >

.param VDRV_P = 6; Turn-on gate voltage

.param VDRV _N = 3; Turn-off negative gate voltage y,
.param DT = 100n; dead time

.param T_ON = 2U; Turn-on period

param L_DPT = VBUS * (T_ON-2*DT) / ISW, calculated L for switching current setting
.param T_P = 2.5U; total period

.param L_GATE =3N; gate inductance

.param LS_EX= 10p; external source inductance Parasitic Inductances
.param L_DS =3N; power loop inductance
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Gate Waveforms (Simulated vs Measured)

Good correlation between simulated and measured waveforms
Parasitics: L_ DS = 3nH, L GATE = 3nH

LTSpic Simulation Measurement

Vs spike onfree-wheeling

device induced by dv/dt
(miller feedback)

6V

¥[gh]-¥[vsw]

-GV | | | | |
1.970ps  1.980ps  1.990ps  2.000ps  2.010ps  2.020ps 730 One XTI
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Half Bridge Double Pulse Test bench in LTSpice

Double Pulse Simulation Results (400V/30A) 400V/30A Hard switch-off

WV (vsw) I(L9)

V (wsw) I(L9) 500V : : : san
440 j j j j j j j j j S0A 450 ; ; ;
400V
400V 45A 350V
30
360Vt )-------- EEEEEEEEEEE - pr-------- EEEEEEEEEEE e e B L EEEEEEEEE SEREE] SRR e = 404 250V
: : ! 3OA Tugrn-off "
320Veg R---m- o m g P P N : ) ; - 354 150v—
. . . . . . . . . —
280Vt 30A 50V
v
3 4 Ve 254 - 50V T T T T T 124
1.9660= 1.970ns 1.974ns 1.978ns 1.982ns 1.986ns 1.9%0ns
200V 20a 400V/30A Hard switch-on
- Iv:vsw} . . I(L9) . san
1 600 - 154 450 b= 4BA
400Vt - -2 - 428
120N 10A 350 ~ 364
300V = 30A
B0V SA 250V - 24A
200V - 184
40 0A 150V — 124
100V - GA
O -5A S0V = 0A
O -6A
-40Ww 1 1 1 1 1 1 1 1 1 10A —50W T 1 1 t 124
0.0ps= 0.3ns= 0.6ns 0. 5%9us 1.2p= 1.5ns= 1.8n= 2.1us 2.4ns 2. Tas 3.0ps= 2.524ps 2.532ps 2.540ps 2.548ns 2.556us 2.564ns
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Half Bridge Double Pulse Test bench in LTSpice

Switching Loss Calculation using LTSpice

1 6K

400V/30A Turn-on

V{VESW) *I {L9)

1 4 K=

12 K=

1 DKW=

B K=

....................................

LT Waveforrm: VIVSW)*I(LS) x

Interval Start:
Inkerval End:
Integral:

........................................................................

g o N s 1 = 0= 0| = M | GO I £ L N N SRR

4, ZFVh

400V/30A Turn-off

W (VEW) *I (L9)

3. 6K-

3. OE -

2. 4Kn=-

1. BKv=-

1. 2 K=

' ' ' ' '
e, Lecmmmememm b memmmmam bmmmmcemem- bmmmmemmmam [ —— - o
' v T v T

LT Waveform: VIVSW)I(LD)

Interval Start: | 1.9585ps
2.005us
fIE4 43w/
8.2216p]

Interval End:
Awerage:

Integral:

Pt

0.6Rv=g----I-5

L I e e ek e T S [ Eininitiniint i ] B PP
0. OFVh

AR - oo e e
: : : -0 . 6EW=

DR - - oo oo S [ =y L. ey IR S
f Egn="106ul": 1.2
ORWeg - S ----S5\W----YPIOS-—-*D--r 5T . -1. BEW-
) ry -2 . 4Rk
W (vsw) I(L3) .
ROV , , 454 540V
SV - - = = e e e e —40A  480V=
Nl e ] =354 420V=
Yoy YRR SNPE R e TSt vty e gy o - ot : =304 360V
OV - - = === mmmmmmmm e e g S U =254 300V
TaToyr. 8 R S AR . =20A 2407V
i1 B L . N Tt RS =154 1807=
LSOV - - - - oo o =10a 120V=
10 .7 e N : : T T
SOV -l A . ; : - oa OV
oV Y 1 1 T A 60V

2.529= 2.535ns= 2.541u= 2.54Tus=s 2.553ns= 2.55%=
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Switching Loss Simulation vs Measurement
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GS66508T Switching Loss

(LTspice simulation vs measurement)

VDS=4OOV, ID=O'3OA, RGON=10I RGOFF=2I
Ve=+6/-3V, T,=25°C

— & : Eon+Eoff (Measured)

—&— Eon+Eoff (Simulated)
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Simulated Switching Loss

‘

e Turn-on loss increases with T,due to the reduced trans-
conductance at higher temperature

e Turn-off for GaN is small and less temperature dependent

e Switching Loss increases with RG.

Total Switching Energy Loss Eqy+Eqge (UJ)
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Switching Loss vs. T,(GS66508T)
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Summary ‘

* The GaN E-HEMT switching losses were simulated in LTSpice using a half bridge double pulse test circuit.

* The simulation results were verified against lab measurements. Although the real world measurement can
be affected by many factors, a reasonably good agreement was achieved between the simulation model
and measurement data.

* This LTSpice test circuit is a convenient tool for end users to set up a simulation platform and familiarize
themselves with GaN E-HEMT switching characteristics.

* It can also be used to easily evaluate the effects of different electrical parameters on GaN E-HEMT
switching performance.

Click to download LTSpice Simulation File

Click to download the LTSpice Model User Guide
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https://gansystems.com/wp-content/uploads/2018/05/GN008_GANSYS_Half_Bridge_Switching_Test_v2.asc
https://gansystems.com/wp-content/uploads/2018/05/LTspice-Model-User-Guide.pdf
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