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1. Motivation: device thermal management importance




1. Motivation: device thermal management importance

Two electrical parameters that | 2. Transconductance and switching loss
are dependent on temperature Typical g VS. Ve
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1. Motivation: device thermal management importance

Reasons to keep device cool:

1. Prevents thermal runaway at maximum/worst operating conditions
pos

Thermal iteration Thermal runaway §_ High junction temp T, with
= bad thermal design
R — ' N
T, ¥ ™Ds(on) Conduction Loss Thermal
™ g, = Switching Loss steady-state e
e e 1; good thermal design
But also to: % Normal operating
: . = conditions
2. Reduce overall loss and improve system efficiency S e
C e -: Reliability stress
3. Improve system reliability test conditions
TTEL ........................ \\\.\\
. . TTF2 ................... \\.\\
A good thermal design from both device-level
and system-level is critical. | .
4 T 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 sS85 0584

TheF Drain

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

Simulation comparison of IMS vs FR4 PCB:

» Forced-air cooling, T,=25 °C, same PCB size 200 |
. . . | —vs
-« Keep T,=100 °C. With power loss increasing, increase ~ 1%° , et
heatsink size to keep T, constant. 160 | ~ ~FRAPCE l!
@ 140 I
< o0 ! Heat sink size
2 ; || reduction by IMS
3 100 ’ |
g / G5-065-060-5-B-A
. - _E 80 ,’ Them’la* Drain
o U) Solder: SAC350: 0.08mmk=53W/m-
; . .I E 60 Y 4 IMS Cu Top =Thermal Pzd: 0.14mm
/ T ’
: T 40 2 4 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 lossis P =E Xk,

IHard— Hard- Dead Dead Dead Hard-
switching on switching off time time time switching off
Vs On-state Off-state Off-stafe On-state Offfstate Off-stafe On-state Off-state
Vds Vds
|4 |4
Eoff = Ev \ g\l/ \/ {
ﬂe'f \qe\'g
ed © el ©
\2 ; Edeadtime2 N.,Oumu\a _eGKOW 4 Eoff = EV/|
Eqoes cond cond
Eose ) E E E deadtime1 > E 1':' E deadtime >
2
1 TS 1 TS 2

1. Hard-switching device energy loss trajectory 2. Synchronous-rectification device energy loss trajectory 3. ZVS soft-switching device energy loss trajectory

150 T T 150 T T
Eon @ V400V, Ry on=150, T/=125°C Eon @ V=200V, Ry ,,=25Q, T=125°C
Eon @ Vaem400V, Ry o =150, T,=75°C Eon @ Vas=200V, Ry 0n=25Q, Tj=75°C
128 r Eon @ Vam400V, Ry o =150, T;=25°C 125 Eon @ V=200V, Ry or=25Q, Tj=25°C
. Eos @ Va=400V, Ry o550, T=125°C . Eoft @ Vas=200V, Ry or=10Q, T;=125°C
3 1100 [~ Ea—'@ Va=400V, R;_g_—ZEQ, Tj=.'-"5“C 3 100 Eor @ V4s=200V, Rg_uﬂ'=1OQ. Tj=75°C
. Eor @ V=400V, Ry os=500, T;=25° Eor @ Vgs=200V, Ry or=10Q, T=25°C
Power loss mechanisms under 5 1@ Ve t00V, ReermS0, T287C / = e o T
I I i1t o — — S 75
various operating conditions are o >
well understood and characterized B 3 P ~
= _‘_,..-/"-/‘I —
DCI 5 10 15 20 00 [5 ll:l 11.5

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 mm) Switching-off loss l

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

switching mode Low time-related Coqqrry Hmmmm) Deadtime l

Due to its excellent electrical performance,

. Low gate Charge Qg — Gate driver loss l :nathglil\-/lsTNigﬂlanr;CZSpk;loct:tlz?]f;'SWﬂCh|ng

— Zero reverse recovery loss )

1. Hard-

Low capacitive E_../E loss itchina-
switching mode P oss’ —qoss > Switching-on loss l

 Excellent transconductance _

. ®
. ®

170 W PFC + LLC adapter 300 W PFC + LLC adapter 3 kW CCM Totem-pole PFC 10 kW Three-phase

traction inverter




CONVECTION

Heat transfer occurs mainly in three different ways: ¢

« Conduction - through direct contact B
* Convection — through fluid movement (air is a fluid) N\ A R TATIATEN
N

 Radiation - through electromagnetic waves

Analogy between thermal and electrical parameters R (Q) = Rg (°C/W)
- — W\ B
Thermal parameters Electrical parameters O B
Temperature T (°C) Voltage V (V) f: I g
Power P (W) Current | (A) ‘ﬁ] | (A) =P (\N) N %?
Thermal resistance: Ry (°C/W) Resistance R (Q) 2 ™
Thermal capacitance: Cg (W-s/°C) Capacitance C (F) z S




2.2. Heat transfer and thermal resistance on GaN

G@ Systems

Junction

RBJC

Internal copper lay

LB Bottom ¢o

Thermal interface material

% RE}HSA
/ Ambient

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

Top side

Ambient

/ Rehsa
O

/ Retim

+—

\ RGJC

Junction

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

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

/

Excellent electrical performance
(figure-of-merit) of GaN HEMTSs 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

Substrate Pad

Flip Chip: Low Inductance, &
low Roy Cu Pillars

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

Device structure with GaNPX®-T package



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

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

* Ths =25°C AP -
PAD 4 PAD 0]0 AP-000 U O OO
0]0 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 —
o 4 ‘
E 3
Q2
%3]
¥ 2
£
Key parameters for TIM T 1
material selection: "
dielectric strength 0 Gabfi
, pfiller GS
mechanical Strength, SIL-PAD K-4 SIL-PAD 1500ST GAP3000S30 HI-FLOW 300P 3500535-07
ERTIM 4.12 2.94 2.29 1.84 1.49
and cost. mRJC 0.35 0.35 0.35 0.35 0.35

Listed TIM materials from Bergquist *http://www.bergguistcompany.com/thermal_materials/



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

3. Top-cool design — Mounting consideration GCI SHENE

J—

Center mounting hole for small heatsink

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

« Tested up to 100psi without failure

|
I — M3 Screw

mem | ock Washter

'— Insulated bushing
|
)

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

Lock Washer
Insulated Clamp Bar
Insulated standoff

TIM

FR4 PCB

T I



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

Standard heatsink _
Drain node

When using a heatsink, design to Source (High voltage)

meet the regulatory creepage and
clearance requirements

FR4 PCB

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

I i C ~1
« Use TIM to cover Heatsink edge in areas where T reepage

clearances must meet Standards

connected

to Source)

Grand
 Avoid placing Through Hole Components near
Ensure both creepage and clearance
GaNPX® -T package meets the safety standards

Pedestal heatsink
» Use Pedestal Heatsink design to increase
FR4 PCB

clearances and allow for placement of SMT _:-
components under the heatsink

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 Systems

Deformation Safe Limit (um) Pressure Safe Limit (PSI)
GS66508T
GS66516T 120 100

Deformation Test Pressure Test

Loading Loading

b aNPX®-T package

Solder joints
5aNPx®-T package [ TR l_\\

Deformation
Side view

GaNPX®-T package Side view

Top view




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

Example: GS66508T

400.00 120.00
350.00
- 100.00
300.00
/ / - 80.00
250.00

Leakage (nA)

200.00 / ;\ l \ (/ 60.00 Pressure (PSI)

150.00
/ \ \ - 40.00
100.00
/ \ / - 20.00
50.00 / l\_ }
0.00 . . . . . \ 0.00
30 40 50 60 70 80 90

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




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

1. The measured Ry;,5 and Rg;, for GS66516T are 3

°C/W and 4.2 °C/W, respectively. L TR
2. GS66516T can dissipate 29 W loss per device. Cooling fan Thermal camera |
| s — 12V Fan
e R = (e supply Current Source
LB 'Jﬂ..'.lw Vs Supply g
Vsp Gan :
fil". 008.3° S 5: ;
- = =
-~ J

Top-cool force-air cooling thermal Resistance test setup

Junction-to-ambient 160
thermal resistance 140
/ 120
.\0—0\.—'—4—0—0/._. 100
) y = 4.2472x + 21
< 80
._./._.—0-—0—‘.—'./._. —
/ 60
S - 4 —e—Rth_JHS 40
_ [ ® o5 v N Junction-to-heatsink R A 20
g -, \ ‘ thermal resistance -
o .‘ O
0 10 20 30 40
Tested GS66516T-based

0 5 10 15 20 25 30 35
. . Devi I W
evaluation board TIM: Sil-Pad 1500ST evice powerloss (1) Device power loss (W)



Application note outline

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

IMS
Board

= Thermal

TIM
RTIM/RGrease
4 ~— | mRPCB/RIMS _ FR4 PCB Cooling with Vias |Insulated Metal Substrate (IMS)
N Ider
S Rso Thermal
O 3 | mRJC resistance Soee Best
e :
T Sisaiilee Use TIM Yes
2 2 Insulation
o

1 4
 mmm O mew QEEEEN | ol 0 Eecticalysoled
O .
FR4 PCB IMS

Comparison of junction-to-heatsink thermal resistance
(Rgyus) based on GS66516B

e Usually layout limited to 1
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 design — PCB thermal design

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

ooooooOo
Oo00O00mo

Most effective
on R, reduction

Rops=14.1°C/W  Rgjus= 8.8 °C/W

o o 4
n 8
g 6

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 0 - s 60 70 80
umper o 1as




4.1. FR4 PCB Bottom-cool design — PCB thermal design G@ Systems

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.

_T!rmal Pa!

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

Increase in copper layer and copper thickness reduces Rq

further, with the PCB cost as the trade-off

10 |
Heatsink i
_ - | =—=Cu 20z (70um)
2 layer PCB design !
aseesoss 9 | Cu 40z (140um)
so ldersac3;:::.::mmh=53w{m frain : r\

-m . 81 —o
HE . :
-E‘mm i

Heatsink

4 layer PCB design

. _T!rmal Pa! Drain

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

1 2 3 4 5 6 7
PCB Cu Layers

Heatsink

6 layer PCB design



4.2. IMS Bottom-cool design

Cross section view of IMS design

Gate driver board

GaN Systems IMS design
IMS power

board Heatsink

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

G@ Systems»

IMS | - Designed for high power application (3~12kW).
» Applied GaN HEMT: GS66516B single, or 2x, 4x paralleling
C@N systems {5,
issansd o lsemanedo; _lassansd g “L“__;_ég.{@_‘-_;joa‘
' er@" rc;@'l mfg@ﬂ rg@':
fronlanal song e
‘l Qs [:-j'"V:]JS 413 Q7 E—E]l J('08
g sl sl vl seied
SRR T SRTETREN SFiRTan
Half Bridge (650V/240A, 6mQ)
IMS |l « Compact. Designed for mid-high power application (1~3kW).

» Applied GaN HEMT: single GS66508B or GS66516B




4.2. IMS Bottom-cool design — Solder voids consideration

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

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

Qo BOERa

ooooooooog
Oooooooooog
MO O O
Oooooooooog
Ooooooooog
MRS S gE S i S EiE

Oooooooooog

O |goooooogdd
doooooooop

- | GEERRaEEE

[0 |oooooooooo
doooooooog

O | oo o o

Oooooooooog

[l ' oooooooooo
dooooooon

TN O O

Ooooogoooog
Oooooooooog
ooooooooog

OO OO oW o0

[l 'ooooooooon

|
|
|
|

T, =102.43 °C

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

”ILLJJUU
simynl [mymymg=,

T, =110.21°C

-,
——

-l

_ R

Limit voids to achieve the best IMS thermal performance

Xray results on a device with voids

- 110 “c[o. v

SRR ERRERNNRE - WE

- =3
']

T

SRR

Experimental results with
the device with voids



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

1. The Rg;, for GS66516B based IMS is 2.9 °C/W. 38crr SSCH.
2. GS66516B can dissipate 43 W loss per device. S ——
Cooling fan Thermal camera |
|SD = 12V Fan
e 2K j supply Current Source
R 4| Vs Supply
1 _- -
Vsp B p
dll n8.36 ‘i 5:’ . Q
i ’ = z -
-~ £

Inside setup box region

IMS force-air cooling thermal resistance test setup

5 160
45
140
4
. 120 ,
g ' y =2.9698x + 23
Y S 3 e N 100
g'aé 1 ?(-/ :G
n 4 S, 2.5 [ & 80
=] @ -
430‘: EE \ - 2 60
o 15 Straight line indicates power loss does 40
_O8 1 not affect thermal resistance for force
o5  air cooling system 20
0 0
\ \ ; 0 10 20 30 40 50 0 5 10 15 20 25 30 35 40 45 50

o . . i Devi loss (W
Tested GS66516B-based IMS Minimal solder voids Device power foss (W) evice powerloss (W)
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5. Device selection based upon thermal consideration




5. Device selection from thermal consideration — single device

*Ropsa =1.25 °C/W
3.4x3.4x2.5 cm3

FR4 PCB FR4 PCB Top-cool IMS
(Ropea=1.25°C/W¥) (Rensa =1.25°C/W*)  (Rgusa =1.25°C/W*) (Rgysa =1.5°C/W*¥)

GAN

GAaN

, GS66516B
4.6x3.0x1.4 cm?3

C9H8 (e4)

D R

GS66516B
COH8 (e4)

X

160 GS66516B (25 mQ) GS66516T (25 mQ) GS66516B (25 mQ) 150°C
0 / / /
Rgy»=9.35°C/W Resa=5.8°C/W  Ry;,=4.25°C/W Reya=2.9°C/W
120 ——————————— A — =T —— 120°C
ES\ 100
o Higher power applications with higher device loss?
~ 80 . : . i
— 1. Better cooling design: Better heatsink design, better fan,

60 P g — liquid cool, DBC sybstrate, etc.
2. Larger GaN transistor

0 3. Parallel GaN transistors
20 Th=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 Paralleling reduces both system Ryg 4, (€lectrical) and Ry (thermal)
to increase system power
Example:
. 4xGS665.16B paralle_l to_share 136 A load Junction Junction Junction
current with hard-switching on/off.
« Randomly selected transistors. R.. Reuc Reic 2 1
: : o 3 - RthG
- T, difference is <6 °C for the worst case. '8 o
1.6 RthiMS
4 Reduce 43%
' RBSDH:I&r RESDh:Ier Resmder g ] RthSolder
40kHz/136A half-bridge £ 121 = RthJC
z 1
REIM . Re-n.'ls Ren.'ls E 0.8 1
) 0.6 1
g 0.4 -
EEEZ% ¢ RE‘EIFEEH""3 R\Bgrease 0.2 -
CEm (O 62.3°C 63.7°C 64°C 0 Ll
Rt ' S - Single GS66516B 2xGS566516B parallel
GE) ——— . : Junction-to-heatsink thermal
= 82.6°C 84.3°C 85.4°C | I Rensa Resusa network comparison
Ambient Ambient
A A A .
200kHZ/13 A a¥- 7340C 7710C 7930C Slngle GS66516B 2XGS66516B para”el

thermal network thermal network



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

T, (°C)

160

140

120

100

80

60

40

20

FR4 PCB FR4 PCB Top-side cool IMS IMS with same heatsink size IMS with parallel heatsink
(Rgpsa=1.25°C/W)  (Rgysa =1.25°C/W) (Rgpsa =1.25°C/W)  (Rgpsa =1.5°C/W) (Reusa =1.5°C/W) (Rgnsa =0.75°C/W)

GAN il GaN can | GG
65665165 [ GS665168 65665168 Il GS66516B

GS66516B

GS66516B
COH8 (4 )

C9H8 (4

COH8 (%)

g Ly

2x GS66516B parallel 2x GS66516B parallel
(12.5 mQ) (12.5 mQ)

WEPS s

GS66516B GS66516T
(25 mQ) (25 mQ)

Roya=4.25°C/W
Rgya=2.9°C/W

Rg;x=1.45°C/W

« 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 80 90 100

Power loss per switch position (W)

Device loss vs T, with different cooling methods including parallel solution
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6. Loss modeling and thermal measurement
6.1 SPICE modeling
6.2 PLECS modeling

6.3 Junction temperature measurement with thermal camera




6.1. SPICE modeling

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

Definitions of model levels

Go N
-

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

L1 1
— applicable) level circuits. Focus on simulation speed. _—
- TJo
G,D, S, SS (f Inadditionto L1, L3 also includes the thermal model R TCr-
3 : : . > G
applicable), Tc, T} and package stray inductance. e S
SS

L3 device symbol

Functions of model levels

IV performance as a function of temperature

Inside the SPICE ¢D

Lq

Voltage-dependent capacitance
Thermal model

Package stray inductance

Ls

S
Modeled parasitic inductance in L3

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




6.1. SPICE modeling

Junction-to-case thermal modeling

—aD Cauer model is applied for junction-to-case thermal modeling due to:
5 0 1. Unlike the Foster model (curve-fitting model), Cauer RC network is based on the
TJ g
TC D} physical property and packaging structure
G- EE’_ES 2. The RC elements are assigned to the package layers
" aaN S Attachment Cubase | nside the mode
SS : Sj Inside the SPICE model
L3 device symbol T, : Re1 Reo Rsa R4 TC Reca
. | NN—T VWY Ta
Junction Case :
temperature | C C temperature Ambient
I 51 ICEE ICES I o4 temperature
. : 1
Example: GS66508B Rg;c modeling < Heat starts fo transfer o || [
o Sesees
- Ry (°C/W) | C4 (W-s/°C) . ,/
0.015 8.0E-05 g /
#2 0.23 7 4E-04 (_% /"' ——FEA Transient Thermal Simulation
: ' E ool i --=--SPICE Simulation
#3 0.24 6.5E-03 g %~
|_
#4 0.015 2.0E-03 =
GS66508B Cauer RC model parameters % 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 Ga Systems

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 Voif=0 Von=1 [VSH)2E (L9} 4 W) +1{
.model SW_GDL VSWITCH Roft=106 Ron=A4 Voft=0 Von=1 tran 03U 0 0.4n . : Lo Waomvsi X
------------------------ 1 S T O S SR~ N S SO AT AU N o L Wavefoum: VIVSW]"HL9) !
: : HSD . ) : ITL2=500 et J p I n to a COnStant LT Wavetorm: VVSW)"I(LS) X EY0.1-+"% SR RN SRR SRRRRON S & NS S Irtesval Start |1 9550s
. ITLA=500 L e st LIt . (LLTSEEIISRE PR : : : ' | r

: | va _LSWGDH | o e 001 | H t t h k 3 Inteval Satt [2529p e e e N ML) )
A §) ! 1, ammmsoeed \/AIUE AS Al INPUT 1O CNECK frosd | T - St O N U A e o] |.
1 ‘\‘7"’(me:1 Tt 1 L2 —DW_W ™ 4 va ) o . . RV -- hversge: [B2148K0W e 1. R ceeeeannn R ST S A AL _— Integrat {82216l L.
! E—— o wba T | () the E_/E .« at the desired |- et 5030 || oo Pagy = Vs o AN oy
1 | I DRv-H AN — R T 28 on o) 3 , o ; ; ‘
1 [ | sw_coL : {L_GATE} {Rgoft} L = axie] - ——— | :
1 ! ‘3 I- '.:"'I 1 .;‘:'L? =L T i H R SRR RS SR

; =5 ) = 2Ry 3 t = H
H " PULSE( -1 010 1n [1_ON} (T F 19§ I =s e/ 0P | J P.. =\ *| E:C}N 1OG;UJ Rl P
1 = : . |_| W\|_-!§H " oRv - S DS [ 1. BR = QFF ....................................................................................
: 1 4 | PR L AN : | !

-y, 56A
! vGSP LSS - . S e AT us) o ;
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6.2. PLECS modeling

Device-level simulation
(LTspice and Pspice)

oss! Cissr IVICV curve, E_ /E )

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

« See parasitic effect on switching performance

* Device characteristics (Qg, Cos/C;

A

iy () o (D)

Vs (1) Vs (1)

| L fp{t]

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

g (1) Iy (1)

Vs (t) Vs (t)

L
Eun E-:lﬂ'

t

Hard-switching on and its loss in PLECS




6.2. PLECS modeling

Switching los

180~

s modeling

1580 H

—
"y
o

— E oy @ V=400V, Ry 0n=25Q, T=125°C
Eon @ V4400V, Ry ,,=25Q, T=75°C
Eon @ V=400V, R, ,,=250, T=25°C

— Er @ Va=400V, Rg_o+=100, T=125°C

— Er @ Va=400V, Ry +=10Q, T=75°C

Eor @ Ves=400V, Ry ;=10Q, T=25°C /V

Switching energy (uJ)

E [pJ]

VdS —_—

dependency veece [V]

R,-dependent equation:

« An E_ /E 4 scaling method is
developed by GaN Systems.

- E,/E.s data can be scaled to
different T;, V4, and R,

T, dependency
/

/
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—
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G@ Systems»

Conduction loss modelin

10 Legend:
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—750
— 50~
.................................................................................................................................... — 900°
3 — 10007

Vm[V] O
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S0 40

Deadtime loss modeling:

Va1, T, v,Rgon, Rgoff,vgsoff,g) = w-(i<0)=(1-g}*(1.3-vgsoff)

Thermal modeling (junction-to-case)

n [A]

E,, in PLECS modeling

£.{v,I,T,E,Rgon,Rgoff vgsoff,g) = |(Rgen-10)*(v*i)/2*(1.68e-9+2.26-9°(1/24.4)/(1.3+/24.4))/(6-1.3-/24.4)+E)"g

Manufacturer: Part number: Ryca N\ Tamsien: GaN HEMT device
[Gall Systemd [osspsoe  Te§ N emalmose
|
Turm-onloss  Turn-offloss  Conduction loss ~ Therm. impedance  Variables  Custom tables i l_‘ #4 Cubase
ResS Cey | #3 Attachment
1 f—
{Rez #2 Si substrate
- HH
L 2 3 4 }R*" 1 | #1 GaN layer |/
R 0011 K/W 0B1KW  0BTKW 0.021 KW 0 oL A T Hote to monitor Tj
Tj v
C 4.25e-05 J/K 0.00296 J/K 0.000665 J/K 0.00101 YK




6.2. PLECS modeling verification (@1e B Systems

lg

PLECS device model verified by a Buck converter example

1° Conduction loss
. L I I S i

_X1e5

? S\ritching loss
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1
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o 4
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N >
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6.2. PLECS modeling — System loss and thermal analysis G@ Systems

Example: UPS system PLECS model can be used for

ot o g system-level analysis
E cc ‘L ) [:| R: Vo*Vo/3000
Ve @ 7 \ m@mamm [ []reatsnia g Qs Online mode
| Tamb3 Tal'rb Tarl'bl Re0.7-3
Junction Templ I . 400 VdC_ _________________________
. ettt S S |
T | Neutral clamping : | GS66516B | ¢ IJ T-type inverter |
il ; d# : bridgeless PFC D. A C,—= R el :
il _a | | |
~N s ) I ca— |
G | Ly T H_L Lk T AN R g |
. 110 V S; S, | = S4 Ss
I i |
Bridgeless PFC | " 0. X GS665168 ||| GS66516B |ss 110 Ve |
! — | = !
| - ', |
— e ———eeeoooooronononon - L 2 H 1
——————————————————————————————— N — Single-phase inverter
| Phase-shift > GS61008P e e 9P |
| full bridge P aF ¥ — E |
: DC/DC — — ' D: 2 Ds | 'J nnnnnnnn -
I |
I
I
I
I
I
I

C)\JW‘Z
Sg SlOl
—_— — D4 Ds
l | Heatsink3 H
g &
\
______________________________ Tamb3
k) Contraller ]
664,
tttttt ) T
S1LIV1 hemt mex temp dsplay
[ = 521v1 hemt mex temp display1
[ | SVl hemt mex temp display2
Lr arrentl 30.52
= 1 [}
| = |solated DC/DC gt
0l -
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el
Junction Termp2




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 al SO p rOVi d e O n | i n e S i m u | ati O n to O | 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 #
Source Voltage (Green), Load Voltage (Red) (Vi
Vac G.‘Jia CD Wee e
o
Heatsink
53 g > 54
o3 = 200
D- *) Tamb

e [> “l swteh > "l > - wput Current (Green), Load Current (Red) BA)

General Device Junction Temp

o

Welcome to the GaN Systems Circuit
Simulation Tools

The Circuit Simulation Toal allows you to compare application conditions by implementing
specific operating values. Choose various source and load parameters, number of devices to
parallel, heat sink parameters etc. Live simulated operating and switching 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.

O GSEE502B 650 V. 7.5A 200 mQ
You may also download the PLECS device model files for GaN Systems' transistors. O GSEE504B 650V, 154, 100 mO ™
O GSEES06T 650V, 22.5A 67 mQ
GSEE508B/T/P 650 V. 30 A, 50 mQ o a2 o5 oe  os 10 12 1 w122
> BRIDGELESS TOTEM-POLE PFC o CoemEET BOuEA B ma
> SINGLE-PHASE, 2-LEVEL INVERTER O GS-085-008-1 650 V, 8A, 225 mQ GatiDevice MOSFET Input  Outpul - Power  Swishing oo,
0 GS-065-011-1 650 V 11 A 150 mO somn age Voliage FHafing Frequency
> SINGLE-PHASE, 3-LEVEL HALF-BRIDGE INVERTER GS66508B/T/P 155m0 230V 400V 488 W 50 kHz 99.48%
O GSE1004B 100 V, 45A, 15 m0 GS66508B/T/P 128m0 230V 400V 991W  50kHz 99.35 %
> SINGLE-PHASE T-TYPE 3-LEVEL INVERTER O] GSE1008BT 100 V. 90 A 7m0 GSE6508B/T/P 105 m0 230V 400V 1492 kW 50 kHz 99.09%
N s ier H v SRA, S m GS66508B/T/P 86m0Q 230V 400V 1.992kW  50kHz 98.70 %
> ISOLATED HALF-BRIDGE LLC CONVERTER | .
nput voltage Vac 230 | Vima
> ISOLATED PHASE-SHIFT FULL BRIDGE CONVERTER _ . o . Combined Junction
Input frequency: &0 Device Switching Conduction Losses Temperaturs
> THREE-PHASE TRACTION INVERTER GaN PLECS model for both Lo vltage Ve — GS6S0BBTR  138W  032W  253W  32°%C
: GS66508B/T/P 1.62 W 1.22'W B.45 W 40°C
> DUAL ACTIVE BRIDGE i GS66508BTP  191W  289W 1356 W 53°C
100V and 650V device Inductance: 2|mH GS66508B/T/P 233W 581W  25.89W 76°C
Switching frequency: 50 kHz
Rated power: 2000 VA
Load sweep selection: Sweep power rating P
Scaling factor for power rating:
) H . = ] 25%
All GaN Systems’ device models and 8 topologies are available online
N N N N n 75%
https://gansystems.com/design-center/circuit-simulation-tools/
External tum-on gats resistance ™ 10 0
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/

6.3. Junction temperature measurement with thermal camera GCI Systems
Junction temperature measurement for GaNPX® Packaged Devices

« GaNPX® package materials are largely transparent in Long-wave Infrared (LWIR) ranges*

« Temperature measurement using LWIR camera is directly measuring the metal temperature inside the die, not the
package surface

* In normal device operating temperature range, the delta between real junction temperature and measured package
temperature is within 1 °C.

4 E I EEEEEEEEEEEEEEESRN
|

Thermal interface material

GaN layer
Si layer
Thermal Pad

ource Thermal pac SET e )
bottom-cool Thermal interface material tOp-COOl SNETE e
Source Drain
n
=

0P side Top side

Junction temperature of GaNPX® packaged devices can be measured through Long-wave Infrared
(LWIR) cameras

* Mohanty, Akash; Srivastava, Vijay Kumar; Sastry, Pulya Umamaheswara (2014). Investigation of mechanical properties of alumina nanopatrticle-loaded hybrid glass/carbon-fiber-reinforced epoxy composites.
J. APPL. POLYM. SCI. 2014.

* Pliskin, W. A.; Lehman, H. S. (1965). Structural Evaluation of Silicon Oxide Films. Journal of The Electrochemical Society, 112(10).




Summary

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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Join the wave - revolutionize your power electronics G@ Systems

Broadest line of Transistors

2 —w
G566502B GS66504B GS66506T
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il ]
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65610048 GS61008P GS61008T

38 A 16 m( 90 A, 7mQ 90 A, 7 m()
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Easy-to-Use EVBs & Reference Designs
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Charger ACF Chargers AC/DC Charger AC/DC Adapter

50W Wireless 100W Wireless 300W Wireless 1kW Wireless
Power Amplifier  Power Amplifier Power Amplifier Power Amplifier

3kW Bridgeless 3kW LLC  Resonant 6kW Full Bridge, 14kW IMS
Totem Pole PFC Converter Dual Half Bridge Half Bridge




Tomorrow’s power today ™

Product and application support at
gansystems.com



http://www.gansystems.com/

