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Agenda

« GaN Technology Review

 Driving GaN FETs

 Layout techniques and the importance of inductance
* Overview of the PCB based thermal system

* Adding a heatsink to GaN Devices
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GaN FET Characteristics

 GaN FET key metrics

* Reverse Recovery

» Reverse Conduction

« Switching Characteristics
» Miller Ratio

* Reliability
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ey GaN FET Performance Metrics

1 E-02

Like a MOSFET but...
« Smaller

 Switches fast
« Lower FOM’s

* Reverse voltage conduction
« Zero reverse recovery (Qgg)

* Miller ratio < 1 (Qgp/Qgs 1)
(dv/dt immunity)

* Exceptional reliability
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" GaN FETs have Zero Reverse Recovery

* Higher hard-switching frequencies without penalty
* Lower switching distortion
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GaN FET Reverse Conduction

Reverse Drain-Source Characteristics

o 225

Higher than MOSFETs < 500 | —25°C
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Switching Characteristics

GaN FETs switch much faster than MOSFETs

1000

Si MOSFETs l ’i

® Circa 2014 ,,’
. @ Circa 2017 g
c ol
S -7
O ) ) /” ~
5 d
< P d
2100 R E—a
‘© e 2 o° ~JX
g ge @ g
I o -’ eGaN FETs
% ' /‘W Today

@
L @‘)’
VDS=O'5.VDSS
10 |
0 50 100 150 200 250

Drain-to-Source Voltage (V)

Power Conversion Technology Leader epc-co.com



" Miller Ratio

: . Qcp (Vps)
Ratioyiyer =
QGs_Th
* Indicator of dv/dt immunity 18 ’ :
16 MOSFETs Vps=0.5"Vpgs
«Simplifies gate driver ' . o
requirements 14 .5
*Reduces converter startup 81.2 .:
failures o . e 0
£
» GaN FETs Miller ratio across 3, Se o |
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" Designing with GaN FETs

« Gate drivers
 Layout techniques and the importance of inductance
* Overview of the PCB based thermal system

* Adding a heatsink to GaN Devices

Power Conversion Technology Leader epc-co.com



GaN FET Gate Drivers

Gate driver interfaces the PWM to the FETs
* Critical to reliable converter operation

* Driving requirements Vos 6 CV[.)D . Cyvoo %ram
* Protection features n ’k— H
- Timing requirements PWMO—f——7 > LW Ta

« GaN FET specific requirements sNDO—1- : 1 éSource

Gate driver
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_ Dead-time and Reverse Conduction

GaN FET reverse conduction voltage = 2.5V
* Driver must include bootstrap over-voltage management
 Driver must work with negative switch-node voltage up to 5 V

= 25°C
= 125°C
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Required Driver dv/dt Capability

GaN FETs switch fast
 Applicable to half-bridge drivers
* Driver should be rated >100 kV/us

» Higher voltage rated FETs switch
faster

* Increasing gate resistances
reduces dv/dt

« Efficiency penalty
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Driving GaN FET Threshold Voltage

GaN FETs have low V;4,= 0.7V -15V
« Ensure good off state /

VCC Boot

* For optimum performance use drivers

é =
I - HOH &
with separate turn-on and turn off gate H, [om | by, 0 <
connections Logic |] Shift | [Privex —o— SW
2—0
< —
LOHA T
O—e

=
3.

+ | S

* Avoid circuit below for single output gate 0 VCR
Output

5

drivers . POR | LOHx, | l<-_}L
ole— e, H
Drive &O—
GND l I/l/ZL
0 5 +0
Driver GND

output Gate Driver
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GaN—FET Gate Over-Voltage Management

Max. Vgg = 6.0 V o in
. Above limit affects reliability ? T
» Drive gate with 5V OH_[>'
« Damp ringing with resistor (R,,)

 Gate loop inductance (Lg,,)

« Common-Source inductance (L.g) L D

« Gate Capacitance (Cgg,,)

CGND

OV oo - €& max. :
5\ ,\f Gate Driver

4 - (Lgon + Lcsy)
\ CGSon
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éaN FET Gate Under-Voltage Management

Prevents ringing-based turn-on when FET

was turned off o—
« Damp ringing with resistor (R ) Hy [>
 Gate loop inductance (Lgqx)

« Common-Source inductance (Lcg)

» Gate Capacitance (Cggq) Lip |>

o
/ tananted Gate Driver
urn-on
VAR ----./L\.- Ryss > 4 (Leosr + Lesr)
VA N Cesors
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_ Under-Voltage Lockout

Prevents gate turn-on when driver

supply voltage is too low O
* Min. recommended GaN FET H
thresholds: ; [> ot
« 4.0V enable U\ZLO
« 3.8 V disable L POR
* Applies to both upper and lower 7 [> l
FET drivers o :
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| Propagation Delay and Matching

Input signal to gate output delay

« On/Off delays should be matched within 5 ns

VCC

» Max. delay should be limited to 50 ns o

Logic
+

UvLO

+
POR

Gate Driver
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Minimum Pulse Width

* Ensures proper turn-on and -off

« Within the gate driver

VCC

« Within the power circuit Q
* Allows proper bootstrap o |>
charging

Min. On-time Lin [>
<€ > i
\ &SND
Gate Driver

<€
Min. Off-time
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GaN Compatible Gate Drivers

Single Drivers Half Bridge Drivers
« LMG1020 & -252- Ultra fast * LMG1205% (90 V)
. UCC27611 — with LDO * UP1966E* (80 V)

. MP8699B * (100 V)

. LM5113-Q2 (100 V)
- MPQ19182 (100 V)

. LMG1210 (200 V)
. NCP51820 & -10 (650, 150 V)
. STDRIVEG600 (600 V)

. Si827xGB1-IM*2 (650 V)

« ADUM4221A * (>600 V)

« LM5114 - Standard

Additional Gate drivers in *isolated  * Footprint compatible
development automotive
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GaN Compatible Controllers

Single Buck Controller Dual (or 2-phase) Boost Controller
« LTC7891 input 5-100V, 0.1-3 MHz « |ISL81807 outputupto80V, 0.1-2 MHz
« Example design at 2 MHz « Example Design: EPC9166
Dual (or 2-phase) Buck Controller Synchronous Rectifier Controller
« [ISL81806 input 5-80V, 0.1-2 MHz « Several available, see list
« Example Design: EPC9157
100 [ | |
= w /;A?::’" Additional GaN Controllers in
" : ,’/’ development
: - '/ 24V 36V 48V i
l 'I_Isovl .I._Blov | | [

0o 2 4 6 8 10 12 14 16 18 20 22
Load Current (A)
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https://www.analog.com/en/products/ltc7891.html#product-overview
https://epc-co.com/epc/Products/DemoBoards/EPC9160.aspx
https://www.renesas.com/us/en/products/power-power-management/dc-dc-converters/step-down-buck/buck-controllers-external-fets/isl81806-80v-dual-synchronous-buck-controller-optimized-drive-e-mode-gan-fet
https://epc-co.com/epc/Products/DemoBoards/EPC9157.aspx
https://www.renesas.com/us/en/products/power-power-management/dc-dc-converters/step-boost/boost-controllers-external-fets/isl81807-80v-dual-or-2-phase-synchronous-boost-controller-optimized-drive-e-mode-gan-fet
https://epc-co.com/epc/Products/DemoBoards/EPC9166.aspx
https://epc-co.com/epc/Products/eGaNDriversandControllers.aspx

' Adapting MOSFET Drivers for GaN FETs

* Driver MUST use an external bootstrap diode R D A
llim | Y BTST | _OVIN
(Dgrst) W
» Ensure UVLO & operating voltage match — :_}L q
GaN FET gate EIF — 1
« Add measures to prevent bootstrap over- % T \f Deim ’
chargin G
g g \i\DAP =
* Add 5.2V Zener clamp (Dg,p) Vpp O I\I\ |<—}
* Add series current limit resistor (R, If/l/ —Q
. Schottky anti-parallel diode (D,p) (Where GNDO . : e GON 5
applicable), mostly low voltage Gate driver
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High Performance Layout Techniques

 Parasitic Inductances and their Impact on Converter
Performance

 Layout Design Comparisons

» Designing a Low Inductance Layout

* Alternative Layout Configurations

« Gate Circuit Layout

» Working with Single IC Dual Gate Drivers

* Considerations to Add a Source Shunt
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Parasitic Inductance Considerations
1. Common source inductance

2. Power loop inductance

3. Gate loop inductance

—O V,,
Gate driver — |FrT""77 ™\
O
e Turn-on Voo O—o— : |
£ L
» Turn-off Cvoo| || |5 gi -
g —L
PWM,,; O -,
" :CBypass
i
PWM_ O :
I
i
i
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Impact of Common Source Inductance

5.5
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Impact of Power Loop Inductance

U4 overshoot T“-:T-EO% Overshoot
v “megOAnH 5

.....

V=12V, Vour=1.2 V,
f,,=1 MHz, l5,= 20 A

]

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Parasitic Inductance [nH]
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| Imrpact of Gate Loop Inductance

* Two loops to consider: Turn-on & Turn-off

* L. Fequires Rg; to damp ringing overshoot
* slows transition

Gate driver Gate driver
RGt I-Gate Ql f""' -‘: RGt I-Gate Ql
I -W\—mn
|l “7P==1T1~——————=- . ST m———— =
2 Leshigh 2 ! ' Leshign
3.>J _________ E, L L — J
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Layout Comparisons

Top Layer Top Layer Bottom Layer Top Layer Inner Layer1

Lateral External Vertical Internal Vertical
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Ft_‘:E—l =T 3 { B
at | - Int. Vertical
Lateral Ext. Vertical Best Choice

- soldermask
Inner Layer thickness copper

4/mils o\ 1 Inner layery  “core
' \\thlckness __copper

N
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*e*02 26 mils el

_— ) A A

. Prepreg

Board  copper
| thickness =~ core
40 50 60 70 X copper _
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Getting to a Low Inductance Layout

Vias
1.Vertically place components as close (multiple)

as possible

2.Place vias as close to the innermost  Cypass Mt
electrical connection h thi"
i

3.Thinnest permissible substrate
thickness between outer and first
inner layer ‘_ ;

4.Spread out via connections at SV |——
innermost connect '

5.GND return does not need to carry GND
full current Top Laver ~\

widest
A—

GN DRtrn

Inner Layer 1

Vias (multiple)
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Considerations for a Source Shunt

. . —OQ V
» Treat shunt the same as the decoupling capacitors ;
. —
« Shunt must be lowest possible inductance JK_—}L
o
1 Switch-
! node
I_
AR JF =
- . . or H— Q, Bypass
I N R It ——-\
[ RShunt=
I }o—O PGND
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Source Shunt Layout Overview

1. Kelvin gate-source return = very low CSI

2. Shunt treated same as decoupling capacitors = Low loop inductance
3. Driver close to FET = low gate loop inductance

(multiple) A GND

VIN

Return

VSw—Node
V5, GND

H L

INn? =N

Driver

VShunt

Overview
= R
CDrvRet Shunt
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Kdding a heatsink to GaN Devices

* GaN device thermal resistance comparisons
* PCB heat-spreading
* Methods to attached a heatsink to GaN FETs

 Online Thermal Calculator overview
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Device Thermal Resistance Comparisons

3 f 3 2 \
o N - }
0 s Silicon ,5 | Silicon ‘
GaN
g i AP = °
~~~~~ =
O15 | BS T, S 15
D1 ® ﬂl“"ﬂﬁk ........ I_L; 1
v 5
0.5 - o X 0.5
0 0
0 10 20 30 40 0 10 20 30 40
Device Area [mm?] \ Device Area [mm?] /

« Small chip scale devices CdAll be adequately cooled
* There are simple methods to ensure best thermal practice
* Rg,c can be used to significant advantage

Power Conversion Technology Leader epc-co.com



Using the PCB Copper for Heat-spreading

« Copper already in the PCB can conduct heat flux

* Vias can conduct heat flux into inner layers

No Vias Side Vias Vias under bump

Spread heat by channeling it into
high thermal conductivity layers
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) Via Construction

Via-In-Pad-Plated-Over (VIPPO — IPC4761 type VII)
» Wall thickness = 0.78 mil per IPC standard class 2

* Hole diameter (typical) = 7.8 mil

* Annular ring = 13.8 mil diameter min.

Soldermask
 Plated over (tented)
 Non-conductive filled Plated A
» Tented on both sides of the board over P

» Used for under bump and close to component pads Via wall

« Usable up to 2 0z (2.8 mil / 70 yum) copper thickness Via fill
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Attaching a Heatsink to GaN FET

» Simple
- Easy ] | | ] screws x4
: |
 Low cost ! ] :
2 =
;:_1 mm | Heatsink
& (1.4 mm ' '
y— eGaN FETs | i | TIM
@2.8mm ~ M2 thread :
. | PCB
» Defines space between Gan FET assembly

and Heatsink
|

* Provides means to attach heatsink &
« Waurth Elektronik P/N 9774010243R i
SMD spacer x4
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R,
Thermal Approach Cross-section Overview

 All components under heatsink are < height of eGaN FETs

» Thermal pad is mechanically compliant & electrically insulating
« Example pad: T-Global A1780 (x =17.8 W/m.K)

Screw (M2) « Heatsink
SMD \
spacer ¢+  HeatPaths & ¥
\ Min.
. mechanical
| gap

Decoupling capacitors
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Heat-spreading & Heat-sinking

Heat-spreading Heat-sinking

* High thermal conductivity e.g. « Aluminum sink added
Copper (xg, = 400 W/m-K)

« Effectively increases device
thermal area

* Increases surface area for heat
flux exchange

Heat-spreading &
sinking can be
combined or

independent

Heat flux still flows into PCB
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Online Thermal Calculator

EPC’s Thermal Calculator:

 Link
T, b =R
Tam/7jl; %R « from home page: Design Support, GaN Power Bench
> > » Choose: FETs, optional vias, optional heat sink, TIM, etc.

§R6C51 éRGBﬂ RGBSZ g RGCSZ
TC1 1 1 TCZ

= Reicx 2 = Rauc
Taq 6812 | Tpg,

- Results Summary

Device 1: Junction T (AT):

T W—t—W———W— T
1 R R 12 : jap (o} o
P, 681 = oy, §R 682 (1) P, Waridr b — 93.0°C (680 C)

..... : : 3 e 6 <« Gap fill
| ] ; .
Tamb /;7

Ty2 diameter
Heatsink Thermal Model

Device 2: Junction T (AT):

60.4°C (35.4°C)
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https://epc-co.com/epc/DesignSupport/GaNPowerBench/GaNFETThermalCalculator.aspx

Summer of GaN Webinar Series

* August 3, 2022
GaN Device Reliability — Proven More Robust than Silicon

* August 17, 2022
Design Smaller, Lighter, More Efficient Motor Drives with
Useful GaN-Based Reference Designs

» September 1, 2022
Design DC-DC Converters with Higher Efficiency, Smaller
Size, and Lower Cost with Useful GaN-Based Reference
Designs
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https://epc-co.com/
https://epc-co.com/epc/Products/Publications/GaNTransistorsForEfficientPowerConversion.aspx
https://epc-co.com/epc/DesignSupport/TrainingVideos/HowtoGaN.aspx
https://epc-co.com/epc/Products/eGaNFETsandICs.aspx
https://epc-co.com/epc/Products/DemoBoards/EvaluationKits.aspx
https://epc-co.com/
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