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Cambridge GaN Devices at a Glance

» CGD

CAMBRIDGE GaN DEVICES

The Fast-paced Scaleup Making Green Electronics Possible

A fabless semiconductor company
designing, developing and
commercialising energy-efficient
GaN-based power transistors

and ICs
Innovation Employees
110+  ~60
Patent applications And growing...

Cambridge, UK
Company'ssHQ
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Shenzhen, .CHINAL\
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Sales & Technical
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Company Focus

DATACENTRE
INDUSTRIAL and TELECOM AUTOMOTIVE
Reduced weight/size Volume reduction OPEX reduction by >10% Faster charging
More efficient High efficiency CAPEX reduction up to 10% 50% smaller OBCs

Fast charging and DCDC converters
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Why GaN?
GaN outperforms Si

Silicon

Si

28.086

Traditional
Si-based Devices

GaN-based Devices

v LOWER Qg
SLOW SWITCHING
v 10x LOWER Qg

HIGHER DRIVING LOSS
v" NO REVERSE RECOVERY (Qgp)

LESS SUSTAINABLE
v LOWER Rpon PER AREA

v" MORE SUSTAINABLE MANUFACTURING PROCESS

Less Efficient,

Less Sustainable More Efficiency, More Power Density
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Why GaN?

More Sustainable

Normalised kg CO2e/die
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Normalised Manufacturing kg CO2e per 25mOhm die
HS ESIC EGaN

2025 2026 2027

Year of Introduction

» CGD
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GaN HEMT fabrication avoids high-carbon-emission processes
x No High-energy implantation

x No Long thermal diffusion

x No Gate oxidation

GaN devices achieve lower per-device carbon
emissions compared
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Why ICeGaN 7

What makes |ICeGaN Devices Beneficial for High-Power LLC?

1. GaN switch faster than Si
2. Achieve higher power density by increasing the switching frequency.

3. |CeGaN is GaN HEMT that is easy to drive
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ICeGaN Power IC
All-In-One Monolithic GaN Chip

Power . .
HEMT ICeGaN (Integrated Circuit eMode GaN)
cs FLT Drain
| . o
Aux Gate
Gate ICeGaN°® Gate In HEMT ., il?:ne'lf
Driver
5
= Logic
3 Inverter
(Kelvin) E
Limiter
- Clamp
* V, (3V) Kelvin
* Gate voltage (9V - 20V) Source 0
e Standard MOSFET and IGBT Drivers compatible (12 & 15 V) Source
* Internal Miller Clamp for high dv/dt and 0 V turn-off
* Improved robustness — 2 kV ESD all pins, high transient rating on the gate
* Withstands >80 V dynamic voltage overshoots on the gate pin
camgandevices.com ‘ 8
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ICeGaN Product Portfolio for High Power »LED

Current BHDFN:
Rating Package GPrteftle)rr.ed Enhanced Thermal
(A) Ate SHNEE Bottom-Side Cooled
CGD65C0255P2 25 60 BHDFN-9-1  ICeGaN Available
P2 Today
Series .
CGD65C055SP2 55 27 BHDFN-9-1  ICeGaN Available
Today
CGD65A055SH2 55 mQ 27 DFN 8x8 ICeGaN Any
MOSFET,
IGBT or SiC
CGD65A130SH2 130 mQ 12 DFN 8x8 ICeGaN driver
Available
Today
CGD65B130SH2 130mQ 13 DFN 5x6 ICeGaN
CGD65B240SH2 240 mQ 7 DFN 5x6 ICeGaN

camgandevices.com
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|ICeGaN iIs Easy to Drive

Comparison with Discrete GaN
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p-> WMidpoint

>

CAMBRIDGE GaN DEVICES
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ICeGaN Driving

' Require negative drive to avoid unwanted turn-
on events during start-up, dynamic load,
overload or light-load conditions where soft-
switching operation might lose soft-switching
operation

{ Poor voltage regulation on the high side
(additional clamping/LDO required) using
bootstrap

4 More external components
4 More complexity

{ Tighter PCB layout

{ Higher reverse voltage Vsd
4 More switching losses

d Possible UVLO issue (not always)

v Only 1 resistor and 1 capacitor per device

v No negative drive No need for specific
gate drive voltage

v More PCB space for cooling the device

v Bootstrap no OVP or UVLO issues

Property of Cambridge GaN Devices Ltd.
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|ICeGaN is Easy to Drive

Example
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HB daughter card for LLC converter: 400V/50V — 3kW - 570 kHz
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|ICeGaN Is Easy to Drive

Easy to Drive + Easy to Parallel

/ drain——

CurrlCe |
Curr IC7
Curr IC8
Curr ICS
Curr IC10

Rgate

Sourges—— /

W2 996 us 100 ps

Driving L W — A
. i riving Loss (mW) PG — QG VG fSW
1200
1000
800
600
400 I I
200
. . oo Al _ -
For high power and high frequency applications  Device 2 Parall 4Pl
driving is easy, no extra additional components ™ CGDESCOSSSP2  WMOSFET 1 mMOSFET 2
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LLC >ESD

Fundamental principle

440V V(mid)

360V

LLC ADVANTAGE: LOW SWITCHING LOSSES 2809

200V=

Requires ZVS (primary), ZVC (secondary), No Capacitive Mode 1jgvv: ZVS

! 40V
! — o ILr) I(Lm)

: 18A= I(Lyy) discharge/charge Qg
6A=
(—) V(mid) + Y —> e
18-
304
I— KA 1 0n I(D1) I(D2)
|
i1
55A=
- L
Primary X X ZCS /
SV‘f'tCh'“g Resonant tank 104 ————————————————
Brldge | 1 8.2us B8.4ps 8.6ps 8.8us 9.0us 9.2ps 94ps 9.6ps 9.8us 10.0pus 10.2us 10.4ps 10.6us

; , Output rectifier
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LLC

Design Process

J[e]s]e]le]e}Y,

Voltage Gain Range

Frequency optimization

Conduction Loss estimation -> (Rpson)

Select Transformer N ratio

CAMBRIDGE GaN DEVICES

Tank Design - FHA

Ensure ZVS -> Lm & Cyrr

Magnetics

, Core Size
Chose m ratio:

- Ensure Voltage gain

Core Loss
- Reduce Lr

_ _ Winding Loss
Adjust Q voltage gain curve

- Ensure ZVS and control

Simulation

Maybe different design path and iterations depending on the specs and the targets

camgandevices.com ‘ 14
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LLC

Estimate Switches Conduction Loss

With ZVS sorted conduction loss in the primary Bridge dominates

» CGD

CAMBRIDGE GaN DEVICES

_ 72
Pcond - IRMS ’ RDSON

We can use a quick simulation to get the RMS through the switches

400V - 50V - 3kW Example

|| caD65C0555P2 | CGD65CO555P2 | CGD65C025SP2

Full-Bridge

Topology Full-Bridge
Rpson at 25 °C (mQ) 55
Rpson @t 100 °C (mQ) 110
lonas (A) 7
Conduction Loss (W) 5.39
Bridge Total Loss 22.8

25
50
7
2.45
11.1

Half-Bridge
25
50
14
9.8
19.6

Property of Cambridge GaN Devices Ltd.

Depending on your design goals, you
might want to take in consideration the
conduction loss to select the primary
bridge topology
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Resonant Tank Design
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First Harmonic Approximation (FHA) Strong non-linear gain vs. voltage and load PWM averaging techniques don’t work

FHA assumes pure sinusoidal currents

O

I —A—
Lr Cr

n 3

§ Rac

8
Ry = E N Rppq

1
r=———
f 2nVLlr + Cr

Fy=fSW/fR
Lr
Q= E'RAC
_ Lr+Lm
m= Lr

Cannot be solved analytically but graphically

Vo(s) Ff-(m—1)
VGain(Q/m/Fn): Vi]](S) = [

S 2 aN? o2 7 AN . aND A

Full Load
Mid Load
Light Load
Max. Voltage Gain
Min. Voltage Gain

Inductive mode
ZVS |

Normalised Gain

resonance

0

0.1 1 10 100

Normalised Freq fsw/fr

Best efficiency is at resonance .
carnyaiidevices.com
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LLC

Increasing the resonant frequency...
VGain (@m,Fn)

VGain (@m,Fn)

Voltage Gain

Higher m

Voltage Gain

I
1 10 100

0.1

I
10 100

Normalised frequency

0.1
Normalised frequency

You need to tune Q and m to operate at full load within the voltage gain range

Increasing the frequency and keeping Q and m constant, we can reduce L, and L,
We can adjust Q and m to increase L,, to reduce circulating current because GaN

Qqsc Is much smaller -> less energy storage in the inductances

17
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LLC

...can lead to smaller magnetics

E = %LIQ Inductor design is all about energy storage

*) :
BnA, > LI If we reduce L same keep n and By we can reduce A, hence size
: P If we reduce /Iy, we can also reduce /, a bit too

Magnetic design is challenging and full of trade-offs. Ultimately depends on your design goals
- Smaller volume — less surface area for cooling
- Higher frequency — more core and ac losses

lterate to find the balance between size, loss and thermal management _

(*) https://ridleyengineering.com/design-center-ridley-engineering/39-magnetics/271-102-custom-inductors-%E2%80%93-one-design-equation.html

camgandevices.com ‘ 1 8
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Prelimary tank design considerations
Lower Cq gy Faster ZVS

12A Im - magnetising current

9A— 4
x Don't use Cyss value to estimate ZVS GA'/—_l\
3A
v' Co(rr) represents the drain-source charge (usually at 400V) :—
ond Higher mag. current......
Femmm— — ] -1 -9A—
: ! -12A-
1 : . -15A
: Co(tr) _Tv D|scharge . v(;-.‘SSps 1.0'5ps 1.1'1ps 1.1'7ps 1.25;ps 1.2I9ps
O | P J; 450V——————— LLC midpoint - LS Vg
. e i 400V
! ! | 350V
1 1
A Y ® ° E 300V
E CO(’[r) 1: Charge | s 250V ...Shorter ZVS
| S - L - 200V—
150V-
zr 100V—
50V
Comn = Qoss o P ——
OTR = Vs dead timemin = 16 - Cyrp * fow * Ly

Magnetizing current must be high enough to maintain ZVS and shorter dead times, but low enough to avoid excessive losses

ICeGaN MOSFET has larger FOM: Rpson X Corr

v Lower Cqrp x Lower Rycony MOSFETS selection limit by Qqec
v’ Faster ZVS transitions x High Cqrr limit switching frequency operation
v No Rpgon COMpromise x More conduction losses and heat

camgandevices.com ‘ 1 9
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Faster ZVS Transitions with ICeGaN

MQOSFETS are Slower

100000

1¢000

1000

OUTPUT CAPACITANCE (pF)

10

| | 55mRMOSFET | CGD65C0555P2

Coss (pf)
Cotr (pf)

—55mR MOSFET Competitor

50

90
1035

100

—CGD65C0555P2

320V

280V

240V

200V

160V

120V

\

150 200 250
DRAIN VOLTAGE (V)

47
120

300

40V

™
} CAMBRIDGE GaN DEVICES

V- T 1
Ons 20ns 40ns

ICeGaN Lower Cy;y Faster!!

U T
60ns 80ns

MOSFET V¢ discharge is significantly slower at Low Voltage

Property of Cambridge GaN Devices Ltd.
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Faster ZVS Transitions with ICeGaN

MOSFETS are slower

—55mR MOSFET Competitor —CGD65C055SP2
100000

1¢000

But some of the latest S) MOSFET achieve very low Cqec

2 oo DON'T BE FOOLED
2
: \
E 10
o \

10

0 50 100 150 200 250 300 350 400
DRAIN VOLTAGE (V)
|| 25mRMOSFET | CGDE5CO55SP2 STILL ICeGaN has 7 times less Cyr

Coss (pf) 90

Cotr (pf) 1932 o MOSFET Vs discharge is significantly slower at Low Voltage

camgandevices.com | 21
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7VS 1CeGaN vs MOSFET »L<GD
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Analysis on 55 mQ) devices at 500kHz switching frequency

—CGD65C055SP2 ——MOSFET1 ——MOSFET2 RDSON (mQ)

120

o Cormr (pf) @400V 120 1035 894

80
R . dead_timemin
£ =

" M16 % corg * fow ICeGaN has ~9 times lower Cyp

20

0 Example
20 40 60 80 100 120 140 . ° °
_ dead time = 100 ns Shorter time to archive ZVS
Imag peak vs dead time - ICeGaN vs MOSFETS
—CGD65C0555P2 ——MOSFET1 ——MOSFET2
500 ICeGaN Less magnetising current losses
40.0 IMAG = 2 A
P = 0.3W .

g0 IMAG Less energy storage in the L,
=200 MOSFET

Iyac = 18 A

0.0 PlMAG =3W

20 40 60 80 100 120 140
Minimum dead-time (ns)

22
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3kW 570kHz LLC Experimental Results
Open Loop Prototype

U

1
vdd1 |_§GD
b
g1
n

GDE5CO55SP2

u3

CGD
vdd I—csnsscnssspz
t
g

GD
GDB5C055SP2

u4

vdd. I—CGD
CGD65C555P2
t
)

— —
Jh SR1 J" SR3
— —

sec+

Lm %) (3 Lsec

29y
sec-

— —
J" SR2 J"' SR4
— —

SRLoad

3kW LLC Specification

Input LLC Voltage (nominal)
Output Voltage (nominal)

Nominal output power full load

Output current (nominal)

Switching frequency (Full load

nominal condit

Steady-State Ripple (max.)
Target Efficiency at nominal
conditions 400V input / 50V

- 100% load
- 50% load
- 20% load
- 10% load
Cooling

jons)

400V

50V
3000W

60A

500kHz
+ 500mV

97%
98%
97%
94%
Forced air (external FAN)

0.9850

0.9800

0.9750

0.9700

0.9650

0.9600

Eficiency

0.9550

0.9500

0.9450

0.9400

0 500 1000 1500
Output Power (W)

98.15 Peak efficiency

FB-FB Open Loop Prototype

PCB can be greatly optimized
PQ4040 Magnetic can be optimized
SR 2x1TmR EPC GaN

Property of Cambridge GaN Devices Ltd.
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3kW 570kHz LLC Experimental Results

55mQ primary full-bridge waveforms

» CGD
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rrrrr

L | L "
= A L e T
400 ns 600 ns
<h1
100 Vide & Addiv & Vidiv S Vidiv
MO MO 500 DS MO
1 THz 1 THz 1 THz 1 THz

Ly = 29uH

Fsw = 570kHz

ZVS = 30ns

Dead time = 50ns

|ICeGaN loss estimation = 4.6W
|ICeGaN FB calculation =18.6W

: lpri
3 s
S A
PWMLT - - PMWH1
Ald || Add || Add | Add | BT S oree : . : f‘ .
R e !‘Jl“"_ [ B e e et e P e S ey S Hh '-‘,i"‘ B b R
9:07:52 AM 840 e w }‘ ‘i % 530 hs
> We were conservative in our preliminary estimation (>5W)

camgandevices.com ‘ 24
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Summary of ICeGaN in LLC Topologies

Fast switching | Low loss | Simple driving

™
) CAMBRIDGE GaN DEVICES

FF
N1

FAST SWITCHING — Shorter dead times, higher frequency operation, higher power density

SIMPLE DRIVING — No negative gate, no turn-off path, relaxed layout

MINIMAL COMPONENTS — Only 2 SMDs per device

EASY PARALLELING - Scales to high power

s

ROBUST — Excellent gate protection

Property of Cambridge GaN Devices Ltd.

camgandevices.com
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