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1. Motivation: device thermal management importance




1. Motivation: device thermal management importance

Two electrical parameters that
are dependent on temperature

1. Rps(on) @nd conduction loss

Rps(on) TEMperature Dependence
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Rdson vs T, for GS66508B

Need to properly manage

T, to minimize losses

2. Transconductance and switching loss
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1. Motivation: device thermal management importance G@ S

Reasons to keep device cool:

/‘I’hermam Thermal runaway
- Conduction Loss

. 4 RDS(on)

High junction temp T, with
bad thermal design

T Thermal
J ~a _ . d
Im — Switching Loss steady-state
DN Low junction temp T, with
o e good thermal design
But also to: % Normal operating
. o £ conditions
2. Reduce overall loss and improve system efficiency = [
Reliability stress
3. Improve system reliability test conditions
TTE1 | R \\\., . .
] _ TTF2 ................... S *.\
A good thermal design from both device-level R 4
and system-level is critical. -
Y ™ T2 Temperature (°C)

Time to failure with temperature acceleration



1. Motivation: device thermal management importance

A good thermal design also improves design power density

Example:

Compared to FR4 PCB heat transfer, the GaN Systems’ insulated metal substrate (IMS) design reduces the heatsink volume
for high-power applications S8 60584

TheF Drain

Solder: SAC350: 0.08mmk=58W/m-K

Simulation comparison of IMS vs FR4 PCB:

» Forced-air cooling, T,=25 °C, same PCB size 200 |
. . L | —IMS
« Keep T,=100 °C. With power loss increasing, increase ' , v
heatsink size to keep T, constant. 160 | ~ ~R4PCB !
?g‘ 140 !
<0 ! Heat sink size
g ; || reduction by IMS
= I
= 100 1 |
r g , G5-065-060-5-B-A
P - - é 80 7 TheM Drain
o . .(’-) , Solder: SAC350: 0.08mmk=52W/m-K
P - 60 / IMS Cu Top =Thermal Pad: 0.14mm
Q/ 5 )
: L 40 . / IMS Base Al: 30x30x1 mm, k=238W/m-K
_ - s Grease: 0,.05mm, k=1W/m-K
20 - - -~ /4 Heatsink
0 = \
0 5 10 15 20

Device power loss (W)
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2. Introduction of power loss and thermal basics

2.1 Power loss

2.2 Heat transfer, thermal resistance, and junction temperature




2.1 Introduction of power loss mechanism

Switch device’s energy loss can be mainly summarized as three different types. Power loss is

Hard- Hard-
switching on switching off
Vs On-state Off-state

Eq oss

EOSS ’

1. Hard-switching device energy loss trajectory 2.

Off-sfate

P=E XF,
Dead Dead Dead Hard-
time time time switching off

Off-state On-state Offftate Off-stte On-state
Vds Vds
Id Id
(ay (oY
\ated en® red eN° °

Edeadtime2

a
p\(‘,C-UmU\“ a-\ec,\O\'\j 4 E.+=Ew

Power loss mechanisms under

various operating conditions are
well understood and characterized

Econd \OSS Econd
: H Edeadtime1 > Edeadtime >
t1 t2 t1 t2
Ts Ts
Synchronous-rectification device energy loss trajectory 3. ZVS soft-switching device energy loss trajectory
150 T T 150 T T
Eon @ Vae=400V. Ry on=150Q, T=125°C Eon @ V=200V, Ry ,,=25Q, T=125°C
Eon @ Va=400V, Ry on=160Q, T=T5°C Eon @ Vas=200V, Rg 6n=25Q, T;=75°C
1250 Eon @ Vas=400V, Ry o =150, T=25°C 12517 Eon @ V=200V, Ry 0n=25Q, Tj=25°C
- Eor @ V=400V, Ry o=50 T=125°C . — Eof @ Vus=200V, Ry 47=10Q, T;=125°C
> 100H Eor @ Va=400V, Ry ,s=50, T=75°C 3 100 Eor @ Vus=200V, Rg o#=10Q, T;=75°C
> Eos @ Va=400V, Rgos=500, T=25°C / | > Eof @ V4s=200V, Ry ,=10Q, T;=25°C
@ " 3]
S ——— S
= 2
E g 50 ///—l
(% ? /"-" —"
- O et _
DU 5 !EI 15 20 0 (n] [5 ll:l 11.5
la (A) lq (A)

GS66508T switching loss @ 400V

GS66508T switching loss @ 200V




2.1 Introduction of power loss reduction by using GaN

Switching method GaN characteristics System impact

~ Fast switching speed =) Switching-off loss ‘

Low energy-related C R, mmm) |Inductive energy to achieve ZVS, less reactive power loss l
3. ZVS soft- <

switching mode Low time-related Coqrr) Hmmmm) Deadtime ‘

Due to its excellent electrical performance,

\- Low gate charge Q mmm—) Gate driver loss GaN HEMT enhances both soft-switching
) and hard-switching applications

— Zero reverse recovery loss

1. Hard-

o Low capacitive E
switching mode

oss/Eqoss 1088 > Switching-on loss ‘

. Excellent transconductance _

10 kW Three-phase

170 W PFC + LLC adapter 300 W PFC + LLC adapter 3 kW CCM Totem-pole PFC traction inverter




2.2. Heat transfer, thermal resistance, and junction temperature G@§ystems

CONVECTION

Heat transfer occurs mainly in three different ways: G

g q CONDUCTION
A
v R S /

« Conduction — through direct contact
- Convection — through fluid movement (air is a fluid) '-% p) y/«'mm.om

 Radiation - through electromagnetic waves

Analogy between thermal and electrical parameters R (Q) = Rg (°C/W)
VWA— 5
5 :
Temperature T (°C) Voltage V (V) f: I g
Power P (W) Current | (A) TI] | (A) =P (\N) N "T?
Thermal resistance: Ry (°C/W) Resistance R (Q) 2 ™
Thermal capacitance: C4 (W-s/°C) Capacitance C (F) z 3




2.2. Heat transfer and thermal resistance on GaN

G@ Systems

Junction

RE}JC

Internal copper lay

Thermal interface material

% RSHSA
/ Ambient

Bottom-cooled device major heat transfer path
and its thermal resistance network

Top side

Ambient

/ Rensa
O

/ Retim

g

\ Reuc

Junction

Source Drain

Top-cooled device major heat transfer path
and its thermal resistance network

Junction temperature calculation: T = T, +P X Ry

/

Excellent electrical performance

(figure-of-merit) of GaN HEMTs limit
the overall power loss

Beyond conventional “figure-of-merit”

This presentation shows how to fully utilize GaN by thermal

design to maximize the overall performance of GaN HEMTs
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3. Top-cooled device thermal design consideration

Substrate Pad

on Top

Substrate Pad

e s tied to Source

Flip Chip: Low Inductance
low Ry Cu Pillars

Drain, Gate, Source on
Bot (GaNPX® package)

Device structure with GaNPX®-T package



3. Top-cool design — Thermal interface material (TIM) selection

Thermal simulation operating Conditions:
 GS66516T is applied with 10 W power loss on it

¢ Tps =25°C

Key parameters for TIM
material selection:
dielectric strength,

mechanical strength,
and cost.

G@ Systems

PAL 4 PAL U U AFP3SV0LU U U JUF
U U
0.152 0.203 0.25 0.102 0.178
0.9 1.8 3.0 1.6 3.6
T,=69.2°C
5 I
: E} LI C | Tsde4cC
S~ 4 A\
o
(8]
§ 3
o
(73]
® 2
T
£
g 1
|—
0 Gapfiller GS
SIL-PAD K-4 SIL-PAD 1500ST GAP3000S30 HI-FLOW 300P 250053507
= RTIM 4.12 2.94 2.29 1.84 1.49
=RJC 0.35 0.35 0.35 0.35 0.35

Listed TIM materials from Bergquist *http://www.bergquistcompany.com/thermal materials/



http://www.bergquistcompany.com/thermal_materials/

3. Top-cool design — Mounting consideration

Center mounting hole for small heatsink

« Balanced pressure across 2 devices
« Typical recommended maximum pressure ~50psi.

» Tested up to 100psi without failure

|
T —— M3 Screw

mdm | ock Washter

'— Insulated bushing
o
I

N FR4 PCB
A, | A e — TIM
| .
| Sink

2 or more mounting holes for large heatsink

Excess PCB bending causes stress on SMD parts which

should be avoided

Locate mounting holes near to GaNPX®-T package

If warranted, use a supporting clamp bar on top of PCB for

additional mechanical support, not common

I I

l— Ej—

Frarce [}

GaNPX T GaNPX T

Lock Washer

Insulated Clamp Bar
Insulated standoff

TIM



3. Top-cool design — Voltage isolation clearance G@ Systems

When using a heatsink, design to

meet the regulatory creepage and
clearance requirements

» Use TIM to cover Heatsink edge in areas where
clearances must meet Standards

 Avoid placing Through Hole Components near
GaNPX® -T package

» Use Pedestal Heatsink design to increase
clearances and allow for placement of SMT
components under the heatsink

Standard heatsink _
Drain node
Source (High voltage)

FR4 PCB

Ensure the air gap here
meets the safety clearance
standards of your design

Creepage:~1

connected

to Source)

Grand

Ensure both creepage and clearance
meets the safety standards

Pedestal heatsink

FR4 PCB

. —

Heatsink

A pedestal heatsink provides clearance beneath the
heatsink for the placement of other SMT devices




3. Top-cool design — Package bending pressure and deformation GCI SETHE

Part Number Deformation Safe Limit (um) Pressure Safe Limit (PSl)
GS66508T

GS66516T 120

Deformation Test

aNPX®-T package

Top view

Loading

5aNPX®-T package

-

Deformation
Side view

100

Pressure Test

Loading

Solder joints




3. Top-cool design — Bending Pressure Test Methodology G@ SETE

Example: GS66508T

400.00 120.00
350.00 00,00
300.00 / /
250.00 / / / - 80.00
Leakage (nA) 200.00 / l.\ \ ( 60.00 Pressure (PSl)
150.
200 / \ \ - 40.00
100.00 / \ / \
- 20.
0.00 | | | | \ 0.00
70

30 40 50 60 80 90

DUT subject to 100 PSI over 3 pulses, with no shift in Leakage Currents
400 volts Vs applied to each DUT (@ 25C)
Leakage Current = Iggg + lgs + lgy ™ (*Substrate)




3. Top-cool design — Thermal resistance measurement G@ Systems

1. The measured Rgy,,;5 and Ry, for GS66516T are 3
°C/W and 4.2 °C/W, respectively.

PE— -3

2. GS66516T can dissipate 29 W loss per device. = camer:

"~

Inside setup box region Heat sink size: |t X
3.4x3.4x2.5 cm?3 Top-cool force-air cooling thermal Resistance test setup
7 : :
Junction-to-ambient 160
6 thermal resistance 140
5 / 120
&E’ ’ ) y = 4.2472x + 21
Fan flow rate: = < 80
o =

’ ._./._..—0——.—‘—‘/._.
60

2 /
—e—Rth_JHS 40

3.3 m3/min

A

; IS o on < N 1 Junction-to-heatsink 20
- e ... \ thermal resistance Rih_JA
"- .- O
Tested GS66516T-based 0 10 20 30 40

0 5 10 15 20 25 30 35
: _ Devi loss (W
evaluation board TIM: Sil-Pad 1500ST ovice power loss (W) Device power loss (W)
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4. Bottom-cooled device thermal design consideration
4.1 FR4 PCB Bottom-cool design
4.2 IMS Bottom-cool design




4. Bottom-cooled device thermal design

Bottom-cooled device thermal solutions summary MS
Board
—— Thermal

RTIM/RGrease

4 — — | mRPCB/RIMS — _ FR4 PCB Cooling with Vias |Insulated Metal Substrate (IMS)
S Rsolder Thermal
= e
o 3 | mRJC - resistance Cielels Best
w :
z Electrical Use TIM Yes
@ 2 Insulation
4

1 B

s omew QR by 0 ¢ Fecticalyisoated
O _

FR4 PCB IMS

Comparison of junction-to-heatsink thermal resistance

(Rq,us) based on GS66516B e Usually layout limited to 1
8JHS

layer

e Parasitic inductance

e Coupling capacitances to
the metal substrate

Design e High PCB thermal
challenges resistance

FR4 PCB and IMS for bottom-cooling are

both suitable solutions. Customer selection
depends on design trade-off

Performance comparison of 2 thermal design options for bottom-cool devices



4.1. FR4 PCB Bottom-cool designh — PCB thermal design

Thermal vias design

« GS66508B with device power loss 10 W. 4 layers copper with 2 oz (70 um) copper thickness. Ty =25 °C
« Thermal via setup:0.3 mm diameter with 0.64 mm pitch. Standard 25 pym copper plating thickness. No via filling.

alinEnlnEnls
ooooooQo goooooooo
O00O00mo Oooo0oOomoon

Most effective
on Ry reduction

» -’ ’

Res= 14.1°C/W  Rgus=8.8°C/W  Ryus=8.1 °C/W

n 8
g o

27 Thermal Vias 55 Thermal Vias 67 Thermal Vias

 Place thermal vias fully under the device thermal pad to 2
maximize effectiveness

* Thermal via area is extendable based upon PCB design area 20 30 40 50 60 70 80 90

Number of Vias




4.1. FR4 PCB Bottom-cool designh — PCB thermal design

Number of copper layers and copper thickness
« GS66508B with device power loss 10 W. T, = 25 °C. Overall PCB thickness keeps the same (1.6mm).

* With 55 thermal vias as example.

Increase in copper layer and copper thickness reduces Rq

S lcler SACBSD' [l.l]lmmb:S-BW{m

further, with the PCB cost as the trade-off

10 |
Heatsink i
- | =—=Cu 20z (70um)
2 layer PCB design !
aseesoss 9 | Cu 40z (140um)
—0
E
£ 7
Heatsink ‘£
=
4 layer PCB design 2e |
0 1 2 3 4 5 6 7

Heatsink

PCB Cu Layers

6 layer PCB design



4.2. IMS Bottom-cool design GQN s

: . _ IMS | - Designed for high power application (3~12kW).
Cross section view of IMS design . Applied GaN HEMT: GS66516B single, or 2x, 4 paralleling

Gate driver board

| ._
lamspamed oy  [nmmsasaN g  [RAMENRRH oy  [B4nsasay g

' lcan'! [can'! [can'| [ caR'
'GAN ' | GAN | | GAN | | GGN
& G5665168 GSE65168 B8 GS665168 GS66516B & =
B T2GH ied) T2GH ied) T2GH o) T2GM ld) 3 /

Qs L: :]’5 o8 o7 r —=i 18 o8 —
: TS0 . o] A g - =
can'llcan] [canllcan] —
¥ GS665168 GS665168 |25 GS665168 GS685168 @ [
B 72 (a4] T2GH (a4} T2GM iad) T2GM (ad) 3 9

COoM3

SRYTRIN ST ShRTIEvETe [vesTani S

GaN Systems IMS design
IMS power N & Half Bridge (650V/240A, 6mQ)
S IMS Il Compact. Designed for mid-high power application (1~3kW).

board
» Applied GaN HEMT: single GS66508B or GS66516B

SMT Power Package

/ Copper Foil:
— e  Typ. 1-40z (35-140um) up to 100z

| Dielectric Layer:
e Electrical insulation
e Typ. 30-200um thickness
e Thermal conductivity: 1-3W/mK
Metal Substrate/Base

e Electrically isolated
e Aluminum or copper

IMS improves power density for high-power applications




4.2. IMS Bottom-cool design — Solder voids consideration

Operating conditions: P=7.98 W, T,,,s =85 °C, GS66508B is applied

No voids under the package: Ry ys= 2.18 °C/W

OoOooooooog
ooooooooog
Tl S
O

O0Oooooooog
Oooooooooog
MO O O
Oooooooooog

OooooooooQ
MESES S Sy SigSi=iall

OO OO o0 0

o
oo
[mim|
oo
[mim|
oo
oo
[mim|
oo
oo
O

oooooooood

- | GEEREEEEEs

[0 ' ooooooooon
doooooooon

O | oo o O

Oooooooooog

O |gooooooooo
ooooooooon
ooooaooon

I OO mm O -

[l ' oooooooooo

O
|
O
|

T, =102.43 °C

32 % voids under the package: Ry s = 3.16 °C/W

........
= 1 ! i
T D= R I
q {10 i - 1

HOLEL !
10HIOOEOD

afaoMnoog

T, =110.21 °C

-l

_ R

-,
——

Limit voids to achieve the best IMS thermal performance

Xray results on a device with voids

|- 110 “c[. -

I LI T —

-

Experimental results with
the device with voids



4.2. IMS Bottom-cool design — Thermal resistance measurement G@ Systems

1. The Ry , for GS66516B based IMS is 2.9 °C/W.
2. GS66516B can dissipate 43 W loss per device.

Cooling fan Thermal camera

. -'.. -

Inside setup box region

IMS force-air cooling thermal resistance test setup

160
4.5
140
4
3 120 ,
g - y = 2.9698x + 23
[ I e U R S 100
g | < ey
mE b . ‘é 2.5 g— 80
! | EI [
5 aé { 2 60
1.5 Straight line indicates power loss does 40
._O8 1 not affect thermal resistance for force
05  air cooling system 20
0 0
0 10 20 30 40 50 0 5 10 15 20 25 30 35 40 45 50
Y

Tested GS66516B-based IMS ~ Minimal solder voids Pevice power loss (W) pevice powerfoss (1)
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5. Device selection based upon thermal consideration




5. Device selection from thermal consideration — single device

*Repsa =1.25 °C/W

) e o3 FR4 PCB FR4 PCB Top-cool IMS
3.4x3.4x2.5 cm (RGHSA=1'25°CIW*) (RSHSA=1'25°C/W*) (RGHSA=1'25°CIW*) (RBHSA=1-5°CIW**)
Kk — o / f . 3 (@ : ‘ Gd .
Ransa =1.5 "G/ A/ Gﬁ@%B 6566;1@:
4.6x3.0x1.4 cm® e | coHB Liod) | CoH8 (em
160 5S66516B (25 mQ) GS66516T (25 mQ) G
0 / / /
Ry,4=9.35°C/W Rea=5.8°C/W  Ry;,=4.25°C/W Ry,a=2.9°C/W
120 ————— " =T ——— 120°C
6 100
o_ Higher power applications with higher device loss?
- 80 . . . .
— 1. Better cooling design: Better heatsink design, better fan,
60 Need more power? liquid cool, DBC s.ubstrate, etc.
2. Larger GaN transistor
0 3. Parallel GaN transistors
20 Ta=23°C ) . . .
Device performance and its thermal solution define the system max power
0
0 5 10 15 20 25 30 35 40 45 50

Device power loss (W)

Measured device power loss vs T, with different cooling methods — single discrete device solution



5.2 Enhance thermal performance by paralleling

Paralleling GaN is a proven technique
to increase system power

Example:

» 4xGS66516B parallel to share 136 A load

{ad)

Junction

Junction Junction

—

current with hard-switching on/off.
« Randomly selected transistors. Ro. Rex Re.c 2 1
: : ° 8 - RthG
- T, difference is <6 °C for the worst case. e i
1.6 A RthiMS
4 Reduce 43%
Rﬂﬁnh:ler Resmuer Resmder g a RthSolder
40kHz/136A half-bridge e & 121 = RthJC
! G‘I} 1 4
£ 0.8 -
R Sis REI MS Reu MS E
1 0.6
. 0.4 -
EZZE‘;E RE‘EIFEM"3 R\Bgrease 0.2 -
o (O 62.3°C 63.7°C 64°C || |8 0 Ll

60.6315
79.1864

Single G566516B 2xG 35665168 parallel

79.4511

— L . _ Junction-to-heatsink thermal
82.6°C 84.3°C 85.4°C | % Roksa Resusa network comparison
. Ambient Ambient
: A A , .
200kHz/13 , 73.4°C 77.1°C 79.3°C B | Single GS66516B 2xGS66516B parallel

thermal network thermal network



5. Device selection from thermal consideration - including parallel G@ Systems

160

140

120

100

T, (°C)

80

60

40

20

IMS with same heatsink size
(Rousa =1.5°C/W)

Gd Ga
| Gs665168 Il G566516B
COH8 (e4) COH8 (e4)

St

FR4 PCB FR4 PCB Top-side cool IMS
(Ronsa=1.25°C/W) (Ropsa=1.25°C/W) (Rensa=1.25°CIW) (Rgusp=1.5°C/W)

GaN

| G566516B
(ed)

GS66516B
COH8 (4

=y

2x GS66516B parallel
(12.5 mQ)

GS66516T
(25 mQ)

GS66508B GS66516B
(50 mQ) (25 mQ)

Re,a=9.35°C/W /

Ry,,=5.8°C/W

Ryyx=1.45°C/W

IMS with parallel heatsink

(Repsa =0.75°C/W)

Gd Ga
| Gs66516B il G566516B
COH8 (&4

COH8 (%)

= St Y =

7 ‘ Ny &7 - S
- s

2x GS66516B parallel
(12.5 mQ)

* Device performance and its thermal solution define the max system power

* By reducing both loss and thermal resistance, paralleling makes GaN
achieve higher power

0 10 20 30 40 50 60 70

Power loss per switch position (W)

Device loss vs T, with different cooling methods including parallel solution

80 90 100
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6. Loss and thermal modeling
6.1 SPICE modeling
6.2 PLECS modeling




6.1. SPICE modeling

GaN Systems provides a two-level SPICE model. For thermal modeling, use L3 model

Definitions of model levels

G+—>
"

G,D, S,SS (if General electrical simulations on application/converter L1 device symbol

L1 1
— applicable) level circuits. Focus on simulation speed. —ap
- TJo
G, D, S, SS (f In additionto L1, L3 also includes the thermal model ‘ TCr-
: : . > G
applicable), Tc, Tj and package stray inductance. = S
SS

L3 device symbol

Functions of model levels
BT -
model :_ ______ o
IV performance as a function of temperature | Ly
| Voltagedependnt capacitance '

1
I
I
I
I
I
I
I
I
I
I
J

Voltage-dependent capacitance v v
Thermal model * Y L,
x v >

Package stray inductance

s
Modeled parasitic inductance in L3 -
31



6.1. SPICE modeling

Junction-to-case thermal modeling

—aD Cauer model is applied for junction-to-case thermal modeling due to:
L TJo 1. Unlike the Foster model (curve-fitting model), Cauer RC network is based on the
} physical property and packaging structure
TCo
Ge E,E—E'S 2. The RC elements are assigned to the package layers
SS : ________ B Atiachment Cubase Inside the SPICE model
L3 device symbol TJ : Re; Rgo Ra3 R4 TC Raca
AW ANN— AA"AY, Ta
Junctlcn Case :
temperature |IC[31 ICEE ICES ICE“ temperature / Ambient
emperature
Example: GS66508B R,,c modeling s e ot e ¥ ——
S "
EECCINCIEEN | - = i
0.015 8.0E-05 g /
#2 0.23 7 4E-04 = /"' ——FEA Transient Thermal Simulation
; : € 0o - —---SPICE Simulation
#3 0.24 6.5E-03 s Ol
-
#4 0.015 2.0E-03 =
GS66508B Cauer RC model parameters g 0.001
= 1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02

Rectangular Pulse Duration (s)




6.1. SPICE modeling GQN sveeen

T, pin can be used as an input or output, depends on the simulation purpose

GAN SYSTEMS SWITCHING LOSS DOUBLE PULSE TEST BENCH 400V/30A Turm-on 400V/30A Turmvof

.model SW_GDH VSWITCH Rofi=1e6 Ron=2 Vofi=0 Von=1 SR 4 )41 (
.model SW_GDL VSWITCH Roff=106 Ron=.4 Voft=0 Von=1 . R e rra——
------------------------ 1 S t T t t t Y=Y SRR SR v\ ST S S 3. 6Ri ‘ ; ) ; : vt HIRE -
: : HSD e J pl n O a CO n S a n b |47 Waveform: VIVSW)*I(L9) X 01" ISR NN SN SRS 1 S SO Irnesval Start |1 9%
1 SW_GDH 1 - O I e A W wevastat 253 || O R [P I [ 1 O T S— Interval Ent | 200 -
L va 25 . | el ' ; : ] : ] ke
TN : 1, { value as an input to check | 5 - 15500 S SO O o |
1 5 e L2 1 : Foew | Wiegrat (822150
1 {VDRV_P} 1 T DRV H ™ . V8 . BEV= -~ hverage: |B214804 ! L.
M ea v ol = | ) the E, /E « at th ir 1 o
1 g4} R11 Ge 3 L_) — : Integial [106.09,0 i
HEPEN : T orv: w1 ST s 2 on off i .
(L) | sw_coL [L_GATE} {Rgolt} L = am -
H o s 7 ":"I : g - T T ' . :
) A A = = pr i oo I
i [ PuLsen 4 010 n (70N} (75159 : s ex -0F1 J P.. =\..*| EON 1OG;UJ
e L2 DR - - 87 S o N o (TN 2 BT 1 R . SRR SRRRE SR, RN RN, SRS RN SR
: : \ _:;; o SW I?S (53 : X
: : Se-Ae , "
vGSP LSS | g :
: : 2n 10 450V 438,
param VBUS=400 ; DC bus voltage
: v 1 DS _param ISW=30 ; Switching Curment 400V~ 24
e 1 L .param RGON =10; Tum-on Gate Resistor %A
: f\_) 1 5 (L1 _param RGOFF = 2; Turn-off Gato Resistor 350V -
T {vDRV_F} 1 ST “qL_ps} 3007 28A
[ p— | [LGATE} B o
1 A\ 1 L5 Para "W_F: 'f Tum-on gats voltage .
] Pty 1 [T .param VDRV_N = 3; Tum-off gate voltage ! : ! ' 150 "
1 |(_) pemiss | oA .param DT = 100n; dead time e [SURNRNURRRUUOR SNV S WSO SUUURUUSN USSR ST e
= Sw_ -param T_ON = 2U; Turm-on period H : H H
: "‘}ﬂ & : _param L_DPT = VBUS * {T_ON-2*DT) / ISW ; calculated L for switching current PETer ISUSSUNUSUUN SSPUNSSRUUUR U, VUSSR SUSURUUSAUNN SRS AR YT e
S/ } T_P = 2.5U; total period : : : :
1 T PULSEL 1 DT 1n In (TONFTM TR | “param L_GATE <3N; gate inductance woov e N L o
1 - + 1 I .param LS_EX= 10p; external source inductance o
1 1 .param L_DS =2N; power loop inductance 50V
:. ! o 144
~ 2.520p8 2 5;9119 .

HS/LS Gate driver circuit

V{n002) I _ V(n003)

Continuous Converter Simulation| Set T, pin as output to

L1 D1 check T, in both steady-
SW out .
’ state and transient

7

C1
__4.7|1

400 uw | r WUZD) " 49;" V(sw) \ Ix{U2:D) / 49A

— : oo X T

ol . A N . —_— Voo e

sov- A N— ‘ | 0.sa

10v- --0.1A

PULSE(-3 6 0 2N 2N 10u 20u) 25 Linov- | a
=210V

f f f f t -2.1A
! 0.08 | | | | | I
100ms 120ms 140ms 160ms 180ms 200ms 197.775ms 197.785ms 197.795ms 197.805ms 197.815ms 197.825ms 197.835ms



6.2. PLECS modeling

Device-level simulation
(LTspice and Pspice)

» Device characteristics (Q;, Cos/Ciss, IV/CV curve, E, /E )

« Simple system simulation (double-pulse test, buck, boost,
etc.)

« See parasitic effect on switching performance

* .
(1)
: Vds (t) I
. : >
: : 1
- | z
5 fp{t] .

1

Transient hard-switching on and its loss in SPICE

Converter/system-level simulation
(PLECS)

« Simplify the switching transient
« Observe converter operating waveforms

« Can handle complicated device-based system-level
simulation/analysis

t




6.2. PLECS modeling

G@ Systemsj

Conduction loss modeling

Switching loss modeling

e * An E,/E5 scaling method is T T T

= @V4i=400V, R, 7250, T — 25°
T Ew @ Vam00V, Ry 250, T25°C s developed by GaN Systems. A I L — 7
—— E.r @ V=400V, Ry =100, T=125°C — ;ggo
O avastony R aton, Tz - E,./E« data can be scaled to =0

Eor @ Va=400V, Ry o:=100, T=25°C /T//
- = different T, V4, and R,

Switching energy (uJ)

Ven [V]
TJ dependency -50 ;-40 E-30 ;-25 i20 E-15 E-1[) -54&1312345 E10 E15 20 ;25 30 40 ;50
160 : B SR ek BT v in [A]
SRR o I SO R e T 1 L d: . .
140 RO R e e T s 259/ Deadtime loss modeling:
o I 1 8 ki . 3 : — 750 . T
—— — 1750 Vel I T v, Rigon, Rgoff,vgsoff,g) = w-(i<0)*(1-g)*(1.3-vgsoff)
100
p— 00"
E[p)] 80 — 1000°
60

Thermal modeling (junction-to-case)

40

Manufacturer Part IUMber: Rycad  /+\Tamsiens GaN HENT device
20 |Gl System] | [csessosr T3 Efle[ﬂ;flmodel

Turm-onloss  Turn-offloss  Conductionloss ~ Therm. impedance  Variables  Custom tables #4 Cu base i

V s Res #3 Attachment

ds —r— > 200 |. d d |

4 dependency R o

dependency Viiock [ V] & #2Si substrate}
l FR4 PCB

E,, in PLECS modeli ' 2 3 “ 02 co | 1o

in modeling ‘ T
: . on R 0.011 K/W 0.231 K/W 0.237 K/W 0.021 KW (U (L Hole to monitor Tj
R,-dependent equation: A
0.00296 J/K 0.000665 J/K 0.00101 /K

[ “ , 4.25e-05 J/K
E..(v,T,E,Rgon,Rgoff vgsoff,g) = |((Rgon-10)*(v*i)/2*(1.68e-9+2.26-9°(i/24.4)/(1.3+/24.4))/(6-1.3-/24.4)+E)*g 5 i




6.2. PLECS modeling verification GaQ B Systems

l

PLECS device model verified by a Buck converter example

8
6
4
2-
i}
3
2
1

o | 1® Conduction loss
oEns Rthia.5 R:135-3’§+500€:-?-005_6 ot *‘_ N
Trianguar Wave y—
T o I | I S | L L L
fver HEL @ H R: 4070+48.5+55.550+65.250+ 1400 X 1e5
& . .
- STItChlng loss
driver LSt o
o l | |
i o GaM Pcond green, GaN Psw red
< : ¢
. Scopet I 0,35 | GaN Condudtion Lesses G
J— - ﬂ‘ 6.10 | BN Svitching Losses 4-
devie max [ -1 55.95 | Junction Temp
S - 763.73 2=
[proe | e | F-: 399.50 0-
= 0 ‘
[im} .
- —-&--Simulated Tj | ¢ t _ o "Junction temperature
. uncton temp comparison
60 —— Measured Tj P P i
F._‘.-'I 50.0-

-=-&=-=-Simulated loss

| | | | | | | | | | | |
5.31594 5.31596 5.31598 5.31600 5.31602 5.31604 5.31606 5.31608 5.31610 5.31612 5.31614 5.31616 ®le-l

eyt E— A N Y . e

Periodic Averagel = -5":’ B ——— 7 . . N\\
=y 2 Measured loss 7 Active GaN switch on Sync Buck converter \
— g 0 / simulation loss breakdown \
< . i
Output res E : 8‘ :
2 : :
5 30 : E 7 m Psw !
Based on GS66508 o i< 6 | mPcond g
= 20 1 2 5 !
F..,=200 kHz, = P 2 |
SW . . (.| I
Loss comparison and its breakdown P 2 ;
V|n=400 V’ 10 ./HW-I I:E X :
2 !
V,=193 V 0 L :
R.. =45 °C/W 0 200 400 600 300 1000} i
0CA Converter output power (W) " %



Example: UPS system PLECS model can be used for

Heatsink2 Tamb2

rconen : ﬁ system-level analysis
0 L ;J:
vae D ¥ Z@H %
unction Temp1 I' ( ; . l
T | B
(P ’: | y \ L _'J i
T | AN e A | - ‘ |
e | H_L Lt J 1L |
Bridgeless PFC | L == |
: 1) i = :
| - ik ] . .
| — Single-phase inverter

“““““““ Isolated DC/DC



6.2. PLECS modeling — Online simulation tool GQN svstems

Bridgeless Totem Pole Circuit Simulation Tool

Choose various source and load parameters, number of devices to parallel, heat sink parameters etc. Live simulated operating and switching

G a N Syste m S a | SO p rOVi d e O n | i n e S i m u | ati O n too | waveforms are generated as well as data tables showing calculations for loss and junction temperature allowing you to compare the effect of

parameter variations or the operation of different parts directly. You may also download the PLECS device model files for GaM Systems' transistors.

based on PLECS model Cret - S—

QO
Welcome to the GaN Systems Circuit wth O
SImUlatIon TOOlS |_ Heatsink "
3 D—l'—' 2= u-![)—l-l 54 T 200
The Circuit Simulation Tool allows you to compare application conditions by implementing *) Tamb
specific operating values. Choose various source and load parameters, number of devices to _ s _ . _ =0 ot Conrent (Grmen), Lond Comment fed) G4
parallel, heat sink parameters etc. Live simulated operating and switching waveforms are e | SR | > ™ = i e 30

General Device Junction Temp

generated as well as data tables showing calculations for loss and junction temperature
allowing you to compare the effect of parameter variations or the operation of different parts
directly.

o

O GSEE502B B850 V. 7.5A 200 mQ
You may alsa download the PLECS device model files for GaN Systems' transistors. O GS8e5048 850V, 15A, 100 mQ a0
O GSEES08T 650V, 22.5A, 67 mQ
GSEE508B/T/P 650 V. 30 A, 50 mQ o a2 o5 oe  oe 10 12 1 x 122
> BRIDGELESS TOTEM-POLE PFC 0 GSEE516B/T 650 V, 60 A, 25 m0) - .
A NEE_ 21 yslemmrm
> SINGLE-PHASE, 2-LEVEL INVERTER L) G5-085-008-1 850 V. 8A, 225 mO) Gal Device  MOSFET \I'I‘;'HJLE \?Ifltllgt Euﬁr F:--.wgchingBr Efficiency
GS-065-011-1 650 V. 150 son * age Voltage afin requenc:
> SINGLE-PHASE, 3-LEVEL HALF-BRIDGE INVERTER I GEUESOTIT 650 VT A 150 ma GSBE508B/MT/P 155 m0 230V 400V 488 W 50 kHz 9948 %
O GSG1004B 100 V, 45A, 15 mQ GSEES08E/T/P 128 m0 230V 400V 991W 50kHz 99.35%
> SINGLE-PHASE T-TYPE 3-LEVEL INVERTER O GSE10085T 100 V. 90 A 7m0 GS66508B/T/P 105 m0 230V 400V 1.492kW 50 kHz 99.09 %
N s iier oo V.E0A T m GS66508B/T/P 86m0 230V 400V 1.992kW 50 kHz 98.70 %
> ISOLATED HALF-BRIDGE LLC CONVERTER | ,
nput vohage Vac: 20| Vims
> ISOLATED PHASE-SHIFT FULL BRIDGE CONVERTER , . L . Combined Junction
Input frequency: &0 Device Switching Conduction Losses ™ Temperaturs
> THREE-PHASE TRACTION INVERTER GaN PLECS model for both o vltacs Ve — CSESS0SBTR 13W  032W 283w 32°C
> DUAL ACTIVE BRIDGE 100V d 650V devi 0ad voftage Vdc: GSB6508B/T/P 162W 122 W 6.45 W 40°C
GS66508B/T/P 1.91 W 289W  1356W 53°C
an evice Inductance: 2 mH (GS66508BT/P 233w 581W  2589W 76°C
Switching frequency: 50 kHz
Rated power: 2000 VA
Load sweep selaction: Sweep power rating P
Scaling factor for power rating:
’ . . . . 25%
All GaN Systems’ device models and 8 topologies are available online
. I - - : : 75%
https://gansystems.com/design-center/circuit-simulation-tools/
External tum-on gate resistance *: 10 O
External tum-off gate resistance 20
Turn-off gate-source voltage: 2V
Deadtirms: 100 ns

Number of paralleled GaN transistors: 1


https://gansystems.com/design-center/circuit-simulation-tools/

Conclusions

« Good thermal design improves GaN transistor and system performance.

« Maximizing electrical and thermal design of GaN-based systems increases performance in soft-
switching to hard-switching applications and operates efficiently from several watts to many kilowatts.

Key design tips provided in this app note

 Top-cool thermal design: TIM and heat sink mounting

« Bottom-cool thermal design: PCB design and solder voids
 Device selection including paralleling options

* Modeling tools to assist with power loss calculation and thermal design
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GS-065-080-1-D1 GS-065-150-1-D1
80 A, 18 mQ 150 A, 10 mQ)
6.6 x 5.6 mm 12.7x 5.6 mm

GS-065-004-1-L GS-065-008-1-L GS-065-011-1-L
4 A,450 mQ 8 A, 225m0 1TA, 150 mQ
50x6.0mm 5.0x6.0 mm 5.0x6.0 mm

En Bl e
GS61004B GS61008P GS61008T

45 A, 15 mQ 90 A, 7mQ 90 A, 7 mQ)
46x44mm 7.6 x4.6 mm 7.0x4.0mm

G566502B GS66504B GSﬁﬁSOﬁT GSﬁﬁSOBT
7.5A,200mQ  15A,100 mQ 22 A, 67 mQ 30 A, 50 mQ

Half bridge High power
power stage Paralleling

6.6 x50mm 6.6 x 5.0 mm 56x4.5mm 7.0x4.5mm
canl”_|
GS66508B 6566516T 65665168
30 A, 500 60A,25mQO 60 A, 25 mQ
84x7.0mm 9.0x 7.6 mm 11.0x 9.0mm

EZDrive™ Eval Kit High density

_*"‘-.“«-m_ —

1.5 kW bridgeless
totem pole PFC

Learn more at gansystems.com

3 kW bridgeless
totem pole PFC

300 W wireless
power transfer

Class D Amp+SMPS
PFC/LLC Eval Boards
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