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GaN Systems company overview

Market leader for GaN power transistors
« GaN-on-Silicon transistors for the power conversion market

* Industry’s most extensive & highest-performance products
- Enhancement mode devices
- 100V & 650V devices; industry-best performance

Global company with decades of experience in GaN

* Parts shipping overnight from Mouser since 2014

» World-class fabless manufacturing and advanced packaging

* HQ and R&D in Ottawa, Canada

 Sales & App. Eng. in Germany, Japan, China, Taiwan, Korea, USA
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G@ Systemns-

* Smaller size 2x to 10x
* Lighter weight 2x to 8x
* Lower power loss 2x to 6x

* BoM cost reduction 10% to 20%

: Power Supply with Sil Power Supply with GaN
» System cost reduction 10% to 30% OWET Supply With Sfllcon - FOWET Supply with =3

You know the benefits. Is it difficult? How is it done?




Designing with GaN is straight-forward GQN ssstems-

* GaN is a super-fast FET
- It's not difficult
- It's not new

e Similarities to a Silicon MOSFET —————— o

|
- True enhancement-mode, normally off | - l ¢ |
T . |

- Voltage driven: driver charges/discharges Cs w Gate, Rojnt GDE_I_P L.
| C.L ™ |

| ° |

| |

- Supply Gate leakage lscc only -
- Easy slew rate control by R,
- Easily driven by Si gate driver chip

» Differences
- Much Lower Q.. lower drive loss; faster switching
- Higher gain and lower V... +5 or +6V gate bias to turn on
- Lower Vg +1.5V




How to get the most advantage for your system

G@ Systems

Higher frequency

Magnetics get smaller ... capacitors too
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Resulting in power systems that are ...

Best topologies

Bridgeless Totem Pole
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= More efficient, Lower cost
= Simpler, part count reduced 33%
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» Maximize performance with gate driver
that has high CMTI, high dV/dt immunity

Magnetics

Performance Factor

3.0x10%
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» Select magnetics with low AC core-loss
to minimize power loss

Even better performance



How to get the info ? QN svstems

G@ Systems PRODUCTS = DESIGN CENTER = MARKETS = MNEWS <] S EN -
* Layout

* Gate Driver
: Application Document
» Paralleling Notes :

GMNO0O01 Design with GaN Enhancement mode HEMT

Our unigue portfolio of GaN power transistors
enables the design of smaller, lower cost, more

® T h e rl I la | S efficient power systems that are free from the GNOOTH#&AE ITr/>2A¥ FE— FGaN-HEMTZRWATHF A~

limitations of yesterday's silicon. Our application

aci i VB
guides and design examples will help you GMNO002 Thermal Design for Top-5Side Cooled GaM#ex
understand and get the most out of GaM packaged Devices
® Systems' technology.
GMNO003 Measurement Techniques for High-Speed GaN E-
. HEMTs
* Dynamic Rd
yn a I C SO n GMNO04 Design considerations of paralleled GaN HEMT
GNOO05 PCB Thermal Design Guide for GaN Enhancement

Mode Power Transistors

GNO0D& SPICE model for GaN HEMT usage guidelines and
example
GMNO007 Modeling Thermal Behavior of GaNex® packages

Using RC Thermal SPICE Maodels
GNOD8 GaN Switching Loss Simulation Using LTSpice
GNO09 PCB Layout Considerations with GaMN E-HEMTs

GNO010 EzDrive>M solution for GaN Systems E-HEMTs




Layout, Parasitics, Thermals GQN sstems

* Circuit design
- Control noise coupling from
power to gate drive loop GAN siseems

GNO0O01 Application Guide

—_ Mitigate gate ringing/osci”ations Design-with GaN Enhancement mode HEMT

Updated on April 12, 2018
GaN Systems Inc.

CB Layout Checklist

[ ] [ ) [ ) [ ] [ ) [ )
°® Design for GaNrx® embedded package
I n I I I l IZ I n g p a ra S I I C S AT : * GaNrx® package bottom-side cooled (B, P) cmuu+ tor
. . «  GaNpx® package Top-side cooled (T) Gate | Lor Ror
PCB Thermal Design Guide for GaN ri

- 5 step list including guidance on i e o T s

hd
Minimize layout parasitics in the following order: oV

loop inductance and loop | o it

2. Gate loop inductance Lg ot Lo Re : 4
Junction ate 3 LI 12
. 3. Power Loop inductance L,
C a p a C I ta n C e 4. Drain to gate loop capacitance Cgp o
. " 5. Isolation coupling capacitance Cg,
: Ras GaN Systems - 31
Key layout parasitics GQN sssiens

° s Critical parasitic parameters that have high
i . . GaN Enhancement-mode . leling:
° a yo u e S p I a C I C e T — GAtEDiivEr HEMT Half Bridge impact on GaN paralleling:
18 : ¢ |

- 5 key areas to maximize ="
performance —

—
a0 ~Riks

w & g -
3 by b

a8 110 e
¥

=  tqualize Lg/L using star connection and keep
as low as possible

= Individual Rg/Rq is rec ded to reduce
gate ringing among paralleled devices

Thermal Resistance ['C/W)

* ™

Lesy 4 : Common source inductance

= Defined as any inductance that couples power
loop switching noise (L*di/dt) into the gate
drive circuit

* Including the shared/common source
inductance and mutual inductance between
power and drive loops

= Feedback switching di/dt to Vg, impact gate
drive stability and performance

* Minimize as much as possible.

risk of oscillation
Nubes of Vias

Figure 6 PCB thermal resistance for 8 PCE layouts

GaNSystems 12




rivers and Controllers

Recommended GaN driver/controller ICs

[ ] [ ) [
L Va | I d a te d | I St Of d r I Ve r S a n d The following drivers have been verified by GaM Systemns and are recommended for use with our GaN E-HEMTs:

Configurations Gate Driver/Controller IC Design resources
C O n t ro | | e rS 650V Half/Full Bridge: . Si8271 - Single: & 5i827x Datasheet
‘S" $i8273/4/5 — HB/Dual ¢ S5i8271 demo board (GS66508T)
1. DC/DC: LLC, PSFB, SILICON LABS _GB (0-6V) or —AB (-3/+6V) & IMS evaluation board User Guide

Sync Boost/Buck

o . 2. AC/DC: Totem pole umm ADuM4121ARIZ (0-6Y Drive) & ADuM4121 Datasheet
 Half bridge and Full Bridge o e camy | SO ADUMIANERS (51 )
Flyback

ACPL-P346 Datasheet
3. Inverter, motor drive I ACPL-P346 ACPL-P346 Evaluation Board with
JBROADCOM. | )e -4/+6V gate drive HELETON S0SIC

B B

. . GSE6508T
® D eS I g n exa | I l p | eS I n C | u d ed 80-100V HalffFull bridge | 5 .y, LM5113(NRND): 100V, max 5SMHz | & LM5113 Datasheet
insTruMErTs MG 1205: 80V/5A HB Driver @ LMG1205 Datasheet
1. 48V DC/DC
2. 48V POL PE29101: 100V, 48V DC/DC, & PE29100 Datasheet
3. Sync. Buck/Boost Semi 33MHz @ PE20102 Datasheet
4. Class D Audio PE29102: 60V, Class D Audio, & PE29102 Demo board (GS610048
5. Wireless Power WFT, 40MHz
Transfer . UPI Semi GaN FET drivers: & uP1966A GaN Driver
Z¥®T  uP1966A: Dual-Channel GaN & Ultra High Speed B0V HB Driver for
driver GaN Application

Gak Systems — 17

100V half bridge GaN driver — PE29102 m G@ Systems Recommended GaN driver/controller ICs
PE29102 - 60V Half Bridge GaN driver, optimized for high frequency applications:
+  Class D Audio, DC/DC, wireless power charging Configurations Gate Driver/Controller IC Design resources
Low side non-isolated BT LM5114/UCC27511: Single & LM5114 Datashest
driver for 650V/100V GaN'": Tamomests  Channel, 44, 5-6V drive @@ UCCZ2751x Datasheet
GS61004B-EVBCD UCC27611: w! internal LDO (5V)
1. Flyback, Push-pull B 0 w
. . . 2. Forward ZM®*  UP1964: Intemal LDO for 6V drive | = UF1964 Datasheet
’ 00 3. Boost PFC
1= , 4. Secondary SR Other GaN  1XD&095I: Single, 8V drive, high drive current (94)
g i 5. Class E P/A compatible  FAN3122/TC4422: Single, 6V drive, high drive current (9A)
_ ; drivers FAN3223/4/5: Dual 4A, 6V drive, for push-pull or SR application
. - ] Sync Buck DC/DC {100V LTC7800: 60V, Sync. Step-Down @ LTC7800 Datasheet
_ GaN): u % Controller {up to 2.2MHz, w/
it i L integrated GaN compatible drivers)
lo- 1. 48V-12V DC/DC
' Secondary side NCP4305A: 5V gate drive clamp, @ NCP4305 Datasheet
o o =l Rectification {100V GaN): \D o semm—r 1MHz max
e .*‘: s 3:_ 100V GaN E-HEMT Full Bridge Evaluation 1. High frequency LLC
4] : Board, optimized for Class D Amplifiers 2 Fly?ba (:q e r—' SRK2001: Adaptive SR controller | @ SRK2001 Datasheet
: Y/ o for LLC, 56V drive for GaN,
‘ 500KHz max
For more details on the GS61004B-EVBCD evaluation board, visit: hitp://gansystems.com/design-center/evaluation-boards/ [*] Low side non-isolated drivers can alse be used on high side / half bridge configurations by combining with level-shift /
GaM Systems - 26 signal isolators, see page 29 for design example. Gal Systems — 1&




Option to eliminate external gate driver GQN ssstems-

EZDrive™ circuit

Use standard MOSFET controller with
Integrated driver to drive GaN Systems’
transistors

Low cost, easy way to implement a
GaN driving circuit

Adaptable to wide range of power
levels, frequency, and LLC and PFC
controllers

The EZDrive circuit also provides design
control for the optimization of
efficiency and EMI

Summary — GaN Systems’ Solution

* Universally converts any IC controller/driver to properly drive GaN Systems transistors
* Eliminates the redundant GaN drivers & LDOs of a monolithic integrated driver GaN device
* Turn ON / OFF slew rate is controllable with external resistors for complete control of EMI

* Applies to single, dual, or high-side/low-side controllers with drivers

e Simple
* Eliminates drivers

g s &
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* Higher power density

* Lower Cost
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Modeling GaN devices and circuits

G@ Systemns-

 Device-level simulation

LTspice and Pspice

Device characteristics Qg
Co./Cio IV/CV curve, E_, /E &)

Simple system simulation

Capability to observe parasitic
effect on switching performance

 System-level simulation

PLECS
Simplify the switching transient

Observe converter operating
waveforms

Accommodate complicated
device-based, system-level
simulation and analysis

Plegs

APPLICATION NOTE - GNOO6
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Recommended PSpice settings

For the model to better converge it is recommended to adjust the PSpice
parameters VNTOL to 10uV and ABSTOL to 1.0nA. The following steps
describe how to adjust the two parameters:

1. On the schematic page click on Edit Simulation Profile.

2. Click on Options.
3. Change VNTOL to 10uV, and ABSTOL to 1.0nA.

Depending on the specific application some other parameters may need to be
changed as well.

“Auto Converge” should be enabled to improve convergence. The maximum
time step can modified if needed.

Typical option settings can be seen below.

Bridgeless Totem Pole Circuit Simulation Tool
(hoase varnous source and load pararretens, number of dendces (o paraliel, heat sk paramebers @c. Live sirmulated operating and swl
g I { raler el abiless, shereang Caloulations for foss and juncion lesrgerature allowing pou o cmpane Fe e




Dynamic Rds(on) GQN s

* Clear analysis presented at PCIM pcim
- Define what it is EUROPE 1515
- How to test The Effect of Dynamic On-State
Conference Thursday, 9 May 2019 Resistance to System Losses in GalN-
- Measure the loss Afternoon Oral Sessions based Hard-Switching Applications
_ Qua ntlfy the Im paCt Room Briissel 1 Ruoyu Hou, Juncheng Lu, GaN Systems, CDN

G@ Systems PRODUCTS - DESIGN CENTER - MARKETS - NEWS B &EN

 Conclusion Webinar:
. . Dynamic Rds(on) effect
- Power loss due to dynamlc Rds is on total system losses A
insignificant in total system power loss May 16, Thursday, 2019 >
11:00am EDT
- Total system power loss: GaN

outperforms silicon by a wide margin

MOVING FROM LIMITATIONS TO POSSIBILITIES




Evaluation Kits and Reference Designs GQNswer

1.5-2.5kW Half bridge power stage

and universal motherboard 3 kW bridgeless

totem pole PFC g3,
| S 2N

f.’ /
Aoy

2-7 kKW Insulated Metal Substrate
Configurable Full/Half Bridge

14 kW Insulated Metal Substrate
Reference Design

Buck Converter with
5MHz GaN Driver

EZDrive™ Eval Kit

Full Bridge optimized
for Class D Amplifier

50w, 100W to 300W+
Wireless Power Transfer 4
Power Amplifiers




GaN Design Center GQN sssems

. o o G@ PRODUCTS ~ DESIGN CENTER~ MARKETS~* NEWS B @ EN-
» GaN is not difficult

- Many similarities to MOSFET GaN SYSTEMS' DESIGN CENTER

Welcome. The design center is where you'll be able to find resources for GaN Systems' transistors. These include

- D | ffe Frences re q U i e a tte N t i on application notes, evaluation kits, refererice designs and more
to detail but no new concepts

» Many resources available
- Easy to find
- Easy to use

. ' s . : U o %
L] L]
- G a N Syste m S a p p | I Catl O n S APPLICATION NOTES CIRCUIT SIMULATION TOOL EVALUATION BOARDS PAPERS AND PRESENTATIONS
R . Guides and design examples Quickly compare application Hardware assets and reference Expert insights on GaN technology
conditions
engineering team to help

designs and applications




Join the wave - revolutionize your power electronics

Broadest Ilne of Products
21 ~w e

G566502B GS66504B GS66506T GS66508T
7.5A,200mQ  15A,100 mQ 22 A, 67 mQ 30 A, 50 mQ

6.6 x5.0mm 6.6 x5.0 mm 56x4.5mm 7.0x4.5mm
o]
65665088 6566516T 65665168
30A,50m0 60 A, 25 mO 60 A, 25 mQ
650 V 84x7.0mm 9.0x 7.6 mm 11.0x 9.0mm

GaN o]

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
3.5 A, 500 mQ 8 A, 225m0 11T A, 150 mQ
50x6.0mm 5.0x6.0 mm 5.0x6.0 mm

100 V GS61004B GS61008P GS61008T  GS-010-120-1-P
GaN 45 A, 15 mQ 90 A, 7 mQ 90 A, 7 mQ 120 A, 5 mQ
46x44mm 7.6 x4.6 mm 7.0x4.0mm 7.6 x4.6 mm

Half bridge High power High density
power stage Paralleling PFC/LLC

650 V test kit 3 kW bridgeless 300 W wireless

totem pole PFC power transfer

Come see us at Stand 9-507

gansystems.com
North America « Europe  Asia

G@ Systemns-

Many Eval Kits & Reference Designs
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