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product-definition team in San Jose,
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WBG vs. Silicon Transistors in AC-DC Converters

Silicon has been the industry workhorse for many decades...
> ..and still has a role to play

Wide bandgap (WBG) transistors offer huge advantages in power density

and efficiency
> Manufacturers must ensure a seamless user

>

experience to promote widespread adoption 2
> Requires system optimization partnering WBG §:
devices with advanced control features % S
i el %0
The presentation compares silicon, GaN \ . &

and silicon carbide (SiC) device applications
in a variety of isolated AC-DC power converters




Conventional AC-DC Converter: 90-265 VAC Input
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devices can impact both
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Example: Key Elements Impacting Converter Volume
m 65 W AC-DC converter
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Adoption of WBG to Impact Key Loss Elements

(3]
T 1
@ Low specific Rpgoy) reduces RMS 2] 50 @ﬁ. T
losses, however: = ||| =
. Switching char?cteristics c?n ihcrease EMI filter size [J "=y = 053 E‘L> L [Ej
* Temptation to increase switching frequency to reduce 2 = "‘ % . @ [T “:% =
transformer size also impacts EMI filter size Y= [l ml |
* Current sense integration is essential to avoid /""’"% f T -

resistor loss (comparable to main primary switch resistance)

* All require/primary controller|to be optimized for WBG [—]Key sources of loss
interface and operation IKey elements impacting converter volume

@& Low specific Ry oy again key to reducing RMS losses

* Switching characteristics have less impact on EMI filter and have no influence on converter switching frequency
* Choice is therefore primarily economic - based on funds available to optimize system efficiency and thermal specifications
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Other Influences on Losses and Converter Volume

€ Synchronization of primary and SR switches 4‘& %J“é_@ o i e
* Delays between primary and SR switch transition @ ? x| 3 2 =i
impacts efficiency and ability to operate in :‘ : . . 0 _“_[;j
discontinuous/continuous mode (DCM/CCM) —m— FEiin N :? & 1# ! “+ T
(important for USB PD applications) V== 1L i~
* Impacted by switch speed and primary-secondary * I »

feedback path (optocoupler in example shown)

@ EmI filter optimized with WBG switching characteristics
* WBG or silicon MOSFET - transparent to user:

Key sources of loss

Key elements impacting converter volume

vbs 50V/div ) 2us/div | e=m
wv- 105 500mA/div vos
300V 1DS

Primary switch: Silicon FET Primary switch: GaN
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Other Influences on Losses and Converter Volume

€ Synchronization of primary and SR switches ;L 3]e
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* Delays between primary and SR switch transition @ — = :
impacts efficiency and ability to operate in :f'l : - 9’0 [;j
discontinuous/continuous mode (DCM/CCM) = S A ; & f ! “% T
(important for USB PD applications) V=171 i~

* Impacted by switch speed and primary-secondary T -
feedback path (optocoupler in example shown) Typically >70 componentsl

. .. . . . .. Key sources of loss
@ M filter optimized with WBG switching characteristics - .
Key elements impacting converter volume

* WBG or silicon MOSFET - transparent to user
€) Start-up resistor loss (standby/no-load impact)

* Can be eliminated through integration of primary WBG/silicon switch with main PWM controller

@ Component count
* Can be minimized through integration of primary/secondary controller circuitry and all feedback components
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Integration Optimizes WBG Benefits

Integrated = ; § I
e Primary WBG/silicon switch * Lf L. —o
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_< % g Startup current source i .

Lossless current sense

L o Feedback (synchronized primary d
3&?: and SR switch timing (CCM/DCM) !
L SR switch control/drive J
Feedback compensation /
— 7 >65% component count reduction / $

I 3 eWBG/siIicon thermal protection 1 : & /
Optimized ! .
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e EMI filter - customized switching (% —433—@"—
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characteristic / frequency jitter = =

o 1 0 4
@ Simplicity for user T ’ —
7

@ 24 components (reduced from >70 components)
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@ Silicon / GaN / SiC primary
switch transparent to user




Frequency lJitter Sucans

® Modulation range (typically) 250 to 1100 Hz "
" No external timing capacitors el
® Results in smaller / lower cost EMI components

>
Time
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High-Voltage Startup Current Built Into
WBG/Silicon Structure P .

INTERNAL <—
SUPPLY

® Startup via internal HV current source ;
> Turned off after startup - reduces power d|$$|pat|on Gy

% NTERNALUV
%, COMPARATOR

® Combined startup and drain pin
> Savespin e

> Simplifies package creepage considerations
> Better ESD withstand

® Provides fast power supply startup time
> Discrete solution needs two-stage startup

circuit to meet startup-time specification
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Primary Switch Choice by Application

Application Switch Choice

90-265 VAC low power | Silicon 650V / 725V
(typically <25 W) (MOSFET)

90-265 VAC high power

WBG 750 V (GaN
(typically >25 W) (GaN) N

>400 - 1000 VDC _ ﬁ s | B oo 5|8
(EVs and industrial) WBG 1700V (i) F e

Integration enables WBG / silicon switch choice transparent to user
All other controller features unchanged
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1700 V WBG (SiC) in EV Auxiliary 60W Power Supply
(50-1000 VDC input)

zzco9 F zgowF zgéis L1
Vine N - S50 350 38t SRP4020TA-1RSM 24V,25A
© .
vout
L [ R3
e e TFlomer 620 o L& o4
R4 |ACGRASIW-HF NSVBASZLAHTIG 1 1 L a3 c4
@0 1600 V = F F 2ur s 2w
. Wy i cs 2570 =
Ultra-wide < = Y W l,zﬁw "
H 1 nsveasaianTic 1 AW .
Input range 1 2 250V o 0 ogtio
L 5 4 2 SQI454EP-TI_GE3 | 1/2W W RIN
b U Lf WA-
PQ2625
Q2 ~
SQUSEPTL | &
Re L o GE3 g
50 - 1000 ClB 0002 A o
Voo D =747 nF R B R13 S R14
82K 3450 G| $430
SR 3ie z| Swviow
g 3505
750k & < —Dt 200
l/‘;n W 3 ] 3 VIR|2
1 ac ﬁg - I ZF'zmszzesns
T kv g&i 2.2 iF 2y
275y
ﬁ D5 R9
2 gskoz;tluww— 33%7 F__5.316%k$1
o] v H [ 2 |8 |2 0V T sw
INTROL . 0V
I |—[1_| * — Max. Output
S| [oep N s o7 | % — VIN DC .
o e ST 2 — Power Derating
- = 0?07\7"’ INN3949CQ o /
- < 7 —
o) 50-100 V aw
285 A
i 2 /|
1700 V WBG switch E 7 100-200 V 35W
81 - /
79 ===Input: 300 VDC; Output: 60 W, 85 °C
s o o v £ ¢ 200-300V 45 W
‘-‘-]Hfu(: 1UUDIVDC7 CU:PML 60 VIV, 85 °C
75
0 10 20 30 40 50 60 70 80 20 100 300 _1000 V 60 W
Efficiency vs. Load (85 °C ambient)

13



Other WBG Applications
in High-Voltage
Power Converters




Bulk Capacitor Volume Reduction
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* Approximately 40% reduction in bulk capacitor volume
» WBG GaN employed at 50/60 Hz switching frequency - not just a high frequency technology!
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Volume Savings Employing WBG for Bulk Capacitor
Reduction

65 W 90-265 VAC Power Converter Example
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GaN Active Clamping Ensures Most Cost-Effective Use
of Clamp Energy

VBUS
]

= Precisely synchronizes switches @, ® & ©
> Reliable - prevents cross conduction
> Highly integrated drive makes design simple

> Seamless implementation across DCM and CCM
e Vital for widely varying load/line combinations (USB PD)
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Clamp gate drive

Primary switch
gate drive

Non-complementary mode switching — active
clamp is cycled just before primary switch
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>95% Full Load Efficiency: 2 x WBG Active Clamp Flyback
USB PD 20 V Output - Flat Efficiency Across the Load Range
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DER-943 60 W high efficiency design




180 W PFC Active Clamp Fbeack with Three WBG Devices
1 »

Boost diode
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. : flyback ICs eliminate
PCB top view PCB bottom g aN Active Sigfieiss heatsinks at 180 W!!

view




Summary




WBG Set for Broad Adoption in Isolated Converters

®m \WBG technologies complement existing silicon FETs
> Silicon MOSFETs remain optimum in low-power/lowest cost converters
> GaN enhances power density with new levels of system efficiency
> SiC provides highly efficient solutions for emerging high-voltage applications
(e.g., 800V EVs)

® Integration offers users a seamless choice of technology
> MOSFET, GaN and SiC solutions all now commercially available
> Optimized integrated control and protection features provide
simplified and reliable solutions for a range of end applications
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Thank you for your interest.

Email: mike.matthews@power.com

APEC 2022 Integration of WBG Semiconductors and
Applications Industry Session
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Variable Frequency DCM PFC

® WBG GaN switch

> Reduced conduction loss

e Enables use of DCM up to 220 W
» 750V rating allows 305 VAC

e Supports 410 VAC abnormal testing
> Low turn-off loss

®  Frequency sliding with load
> Lower frequency at light load
* Reduces switching loss
> Frequency range 22 to 145 kHz

" Spread-spectrum switching — PFC switching

frequency varies across AC cycle
> Reduces EMI
> Reduces Size of boost inductor
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