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We are CGD L&D

CAMBRIDGE GaN DEVICES

The Fast-paced Scaleup Making Green Electronics Possible — Inventor of ICeGaN™

A fabless semiconductor company Operating from Innovation Employees

designing, developing and 5 9 1 O
commercialising energy-efficient
GaN-based power devices and ICs Locations Patent applications > 300% growth (2020-2023)

Cambridge, UK
Company's HQ

Sales

| Shenzhen, CHINA Knowledge E: Innovation

Academic excellence and Innovative power solutions that
industry expertise combined help protect the environment

N N @ |
C’ Sustainability - Collaboration

USA
Sales & BD

"1 Taipei, TAIWAN
. Sales & Marketing

' Cooperation, empowerment,
respect, listening to customers,
employees and partners

Eco-compatible business
measures (ESG)
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Adapter Trends

Higher Power, Higher Efficiency, Lighter Weight
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Efficiency and Power density trend for AC-DC adapters
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High Power

e« USB PD3.1 increased to 240W (48V/5A).
« Gaming laptops >300W (19.5V/16.9A).
*  Multiple outputs

Compact

» Portable / Lighter weight.

International standards and certifications

* Higher efficiency

* No-load consumption getting lower

» Limits for Average Efficiency (4-point load)
» Limits for Efficiency at 10 % load
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Adapter Trend

Topologies for Low Power AC-DC Applications: Power Density vs Power Rating

Power density

(W/cm?)
1.5
PFC + LLC TPPFC + LLC
he ACF
+ PFC + ZV5  PFC+AHB  Active Bridge+
QR Flyback
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QR Flyback poer
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From here a PFC stage is required
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The Need for Bridgeless PFC

Totem-Pole is More Efficient than Standard Boost

» CGD

CAMBRIDGE GaN DEVICES
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The diode bridge is a major source of loss in boost PFC

The totem-pole PFC is a good bridgeless solution for high

efficiency and power density

Only 4 power devices

Single inductor
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Totem-Pole PFC Operation

AC positive cycle
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Totem-Pole PFC Operation

AC negative cycle
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Totem-Pole Current Mode Operation I ) C&D

_ED;— \CeGaN_HS J" M_HS CAMBRIDGE GaN DEVICES
}—.
/AContinuous Conduction Mode Critical Conduction Mode \ ¢ TS Vbs_ts To S
VAC [ T
- —
VGSfLS 1 | ICeGaN_LS J: M_LS
v
> > Best at higher power levels (>350W)
. * RMS currents are lower
« Smaller peak currents than CrCM operation
Ves.is 4 Vs is 4
|4 . |4 i CrCM
| I peac Best low power applications (<350W)
. Higher efficiency
L_MIN
> > Zero current switching - ZCS
Vs s 4 Vos 154 ZCS » Zero Voltage Switching at low line - ZVS
V VOUTPUT . . . .
o « Valley switching at high line
Vineur
2V pur —Voursur > Better density
Valley Sw . .
> J > « Smaller inductor than CCM operation
< » & t < »a e t
\ Ton Tore Ton Torr Tresonance / camgandevices.com
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ICeGaN Benefits for Totem-Pole PFC )“"D

CCM TPPFC is only feasible with WBG devices. Body diode recovery losses make super-junction Si MOSFETs impractical
CrCM TPPFC could operate with MOSFETS because ZCS and ZVS (low line ) / Valley switching (highline)

ICeGaN outperforms Si for the same Ry,
e ™~ o :
Continuous Conduction Mode Critical Conduction Mode SW'tCh'”Q losses are r.‘Ot Zero..E'nergy IOS.S still
present in the switching transitions particularly
Vas 154 Ves is4 . . . .
at high switching frequencies:
. = * High line operation — no ZVS
b1 bt « Light load operation (10% load)
| . l_peax » No-Load Burst mode operation
|_ _.LL ......... oot ...'.. \/
L_MIN . .I.L.". .
y 3 W*: v T o ICeGaN is a GaN HEMT and it is
DS_LS4 . A DS_LS4 . .
. *edias® y driven like a MOSFET
Vineur \/ Roson * Coss F-O.M. significantly smaller
2*VINPUT _VOUTPUT
R R \/ Q; more than 10 times smaller
< > < < > < >< t .
TON TOFF t TON TOFF TRESONANCE J Easy to Drlve
- J
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|CeGaN Benefits for Totem-Pole PFC

» CGD
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Better switching performance and lower switching losses than equivalent Si MOSFETS

Coss stored energy Comparison
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Vps (V)
——Si Competitor 1 (48 mQ) ——Si Competitor 2 (60 mQ)
—Si Competitor 3 (55 mQ) ——CGD65A055SH2 (55 mQ)

Eqss Is smaller and more linear

\/ Low switching energy loss increase highline, light load efficiency and no-load consumption

Faster transitions
\/ Low sink/source current 600V bootstrap HB driver IC can be used

Property of Cambridge GaN Devices Ltd.
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Qg is an order of magnitude smaller than in Si
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ICeGaN™ All-In-One GaN Chip
No driving hassles: Drive it like a MOSFET

ICeGaN is a GaN HEMT

Gate @

Any Voo @
Gate <
o B Logic
Driver S Inverter
VoD & 3_9 Current
S
ﬁ % ense
(Kelvin) %
a
. . o
High level view Kelvin o i

Source

Source

ESD Protection

Gate voltage operation (9 V-20 V) / Gate voltage threshold voltage is 3 V

Internal Miller Clamp and logic to ensure high dv/dt, fast switching and achieve true 0 V turn-off
No Load Light Load (NL3) circuit enables ultra-low power losses is in stand-by mode

Current Sense

Turn on slew rate can be adjusted with the external R,

SoSwUnh W =
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External Driving Components

|ICeGaN requires simple HB Si driver and fewer external components

NCP51820 SVinexr / N
Ruo1 D 7
| o VDDH '—
{K Bow | I | — H - — ! N J:c Wl
| I Culnlj ; s — R ) 4} 3 i 1.!
Dors_ R Durz ‘ ) s
P> Midpoint e p—> Midpoint
RUDl o LCVDD,H
Zo* F 0 =
R || ; ;! R T i Voo D;
ﬁ el _‘ = .l
CUD,L DUDLL s K L)
1 Dor. R gmm 1] 1 L &
<
Discrete GaN Competitor Discrete GaN Competitor ICeGaN
+ Standard Si HB no-isolated Driver * GaN HEMT no-isolated low gate voltage Driver + Standard Si HB no-isolated Driver
* 16 External Components * 8 External Components * 4 External Components
* 6 resistors | 2 Capacitors | 6 diodes | 2 beads * 6 Resistors | 2 Capacitors « 2resistors | 2 Capacitors
This solution adds reverse conduction voltage VSD \ /

and impact the efficiency
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|CeGaN Advantages

Summary
Efficiency and Power Density
Raoor  Deoer
——> « GaN HEMT

* No QRR

fo * 10 times lower Qg
» Lower and more linear Cyc
* Faster transitions and lower losses
* Low sink/source driver IC works

Row o

Easy to drive

» Gate voltage range is 9 V — 20V

 Gate voltage threshold is 3V

* Internal Miller Clamp

* No need for negative drive

* No need for external turn off path

* Only 2 external SMD components required per ICeGaN
» Work with traditional bootstrap HB gate drivers
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350 W Totem-Pole PFC Evaluation Board

with CGD65A055SH2

CGD65A0555H2 3\

\
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in ductor- \ :
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Daughterboard

-----

: Fastleg » Slowleg
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350 W Totem-Pole PFC Evaluation Board | Cambridge GaN Devices
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https://camgandevices.com/p/evaluation-boards-350w-totem-pole-pfc-eb/
https://www.we-online.com/

350 W Totem-Pole PFC Evaluation Board “"D

Daughter Card
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CAMBRIDGE GaN DEVICES  WI3)
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350 W Totem-Pole PFC Evaluation Board

Driving

Same HB driver IC P/N for the fast leg ICeGaN
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2 External components per ICeGaN

acis]

CAMBRIDGE GaN DEVICES

J1A
1761426-3 PCS EDGE MATE
01D oMo
e
. . c7 ca
calstrap — toonF L L aaF
vl a2 B0V ] T 630V
‘mEpEm CGDESADSESZ-TPD 10% 0%
OR clom
™ DFMEE
4 Turg 16 1
Dd
Bm'sumcxlu n ?W [ ] VER B - —
2R (' D
SEORY HO LN ° Top Gate 2 14 | B =
: RID m - R16 . D s
200 ’—Ei—‘L
RN o R ’-u— %S - g X
Top_Kebvin nra e
)
MMCH-R-PC{4) ol gl
o4
1B
1761426-3 PCS EDGE MATE
WERIDGE ol
| o3
o4
CEOE5ANS5S2-TRD
DFN8E
161 ymo D
D
W 3
D
It | g Abll D
15 o
mi] ) D
K D
P
GHD L E =i S
17614263 PCS EDGE MATE
oy B o
2

Property of Cambridge GaN Devices Ltd.

camgandevices.com

© 2024 CGD ‘



FF Dm
) CAMBRIDGE GaN DEVICES

Test Results

Efficiency and no-load power

Efficiency

a0 VAC o115 VAC e—?30VAC oe——D64\AC

100
99 90 V5 30 mW
- %85 115V, 34 mW
95 - 230V, 77 mW
% 9795 ‘< \ 265V, 90 mW
" %65
96
95.5
95

35 87.5 175 262.5 350
OUTPUT POWER (W)

High efficiency (peak, average and 10%) & very low no-load power
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Test Results

Power Factor & Total Harmonic Distortion
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THD

Power Factor

e 0) VAC o115 VAC o230 VAC o—?64\/AC

87.5

e 0) VAC o115 VAC o—?30VAC o—?64\/AC
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0.00
175 262.5 350 35 87.5 175 262.5 350

OUTPUT POWER (W) OUTPUT POWER (W)

Power Factor over 95% and THD lower than 10% at full load
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Test Results
Thermal Operation at Full Load 350 W

+ 40 °C

Thermal measurements with no Heatsink. Good efficiency translates into less thermal stress.
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ICEGAN™ PRODUCT PORTFOLIO )h‘:D

. =Consumer [ = Server and Industrial

H

SERIES

SERIES H1 n H 2
SERIES

LP INDUSTRIAL OPTIMISED FOR STDBY
4 PRODUCTS

2022 2023

4 PRODUCTS

« 1 monolithic chip
* NormOFF eMode GaN

CGD65A055S2 CGD65A055SH?2
650 V, 55 mQ, 27 A, 8x8 DFN 650 V, 55 mQ, 27 A, 8x8 DFN * ICeGaN gate technology
| || I * Advanced clamping structure
CGD65A130S2 @ CGD65A130SH?2 @ . |ntegrated Miller C|amp
| 650 V., 130 mQ, 12A, 8x8 DEN | 650 V. 130 mQ, 12 A, 8x8 DFN | « Industry first 2D barcode
CGD65B130S2 o CGD65B130SH?2 e * Portfolio of SMD packages
| 650 V., 130 mQ, 12A, 5x6 DEN n 650 V. 130 mQ, 12 A, 5x6 DFN | « Integrated current sensing
CGD65B200S2 CGD65B240SH2 . . .
650 V, 200 mQ, 8.5 A, 5x6 DFN o 650V, 240 mQ, 7 A, 5x6 DFN H2 series: Innovative fully

integrated NL3* Circuit

o AN

APPLICATIONS

(@f)) camgandevices.com
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Other Relevant Boards

350 W half bridge LLC Evaluation Board
350W LLC SMPS Evaluation Board | Cambridge GaN Devices

300 W CrCM totem-pole PFC + HB LLC reference design

A 300 W High-power Density, Compact and Low-profile Design | Cambridge GaN Devices

LR
7 AR TR TR
TR

APPLICATIONS

((f))) camgandevices.com
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Dare to innovate differently

) CAMBRIDGE GaN DEVICES
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