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WBG ADVANTAGES

Overview of the Key Parameters
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The significant difference in the technical
parameters is due to the “Band Gap", which is
the energetic distance between valence and

conduction band in the atom.

Parameter
Band gap (eV) 3.2 3.4
Beak through field strength (MV/cm) 2to3 3
Electron mobility (cm?*/Vs) 800 1600
Hole mobility (cm*/Vs) 50 ]J0—__problem!
Thermal conductivity (W/mK) 700 (max. 200)
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SIC GATE DRIVE
SIC-MOSFETSs, use in practice

= SIC-MOSFET:
Kink from linear triode-like behavior ("ohmic") to
saturation range (constant current) is missing.

2

= |ower slope (dl/dUgc) of the SiC-MOSFETSs.

3

= SiC MOSFET behaves more like a voltage-controlled
resistor than a voltage-controlled current source.

100

SIC-MOSFET

10 15 20
Vos Ver VI

Transmission slopes (I, — Upsand I = U @ TJ = 125 °C)
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SIC GATE DRIVE

Circuit design, necessary gate-source voltage V. (2/2)

. : 45 yes==c——cocc————————————- \__= 1§ Y-y _—
= The maximum drain current ID can already be reached Conditions o Vem sy
JIT,=25°C 1 I
at a low VGS voltage of 11 - 13 V. tp =< 200 s Ves= 13V
= |f the voltage is increased further, this leads to a £ = Vo= 11V oo
. . = !
significantly lower voltage drop at the transistor. g oma 238
> I i i
'] g s
b
. <
= Apply the maximum gate voltage recommended by B
the manufacturer - Lower losses! s 7V
= P,=Upsxlp 8 10 1
" APV = AUDS X ID = 2,6\/ X 23A = 59,8\/\/' Drain-Source Voltage, Vs (V)
(Peak power, duty cycle not considered here) Veons | Gate - Source Voltage (dynamic) 8/+19 v
Vasop Gate - Source Voltage (static) -4/+15 \'
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ISOLATED GATE DRIVE
Why isolated gate drivers and supply?

Protection against electrical shock

Protection of the control circuit

Protection against EMI (high CMT])

Easier control of the highside FET

Insulation
Barrier 4kV |

[
DC/| | Com
m:: e

L

,_
a SiC/GaN FET

-

Load

Basic or
Reinfored

Com © /
~

SiC/GaN FET
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ISOLATED GATE DRIVE SUPPLY
GaN / SiC gate drive voltage levels

Isolation Barrier

Low Voltage | High Voltage
Side Side
5V to 6V turn on voltage for GaN Isolated Gatl Drtver I +Vag
| SiC
MOSFET | D

L
TIT

« -2V to OV turn off voltage for GaN

>Kul'.-i|' Point

S

ST

PWM

Signal Isolation
Logic/Drive

il

* 15V to 20V turn on voltage for SiC v
I =¥ee
_ Isolated Auxiliary Supply
« -5V to OV turn off voltage for SiC i. N Vo
| 1
E:g T RTN
I§ j—
|
I K3
V..
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CURRENTS & LAYOUT GATE DRIVE

Gate drive current flow = Ground bounce due to parasitc inductance
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SiC/GaN FET
_ Rar <+ s LI e
*—.--. ' I—palasilil: KEI'J”] Point
f,,!f PGND L o
~* High Al/At current paths on turn-ON of SiC/GaN FET. [ Com D—‘L : é g : Load
DC!I Caom parasitic (] g
- ||V R
I ’ _|| ) N EET
B B Ran (G [y | etk - SiC/Ga
m l ]_: \_‘k I H I Lpalasiﬁl: KElUin PUi"t
= 5
— | R Cis : 2
| LY Com o— § g
,f]l/ PGND I—pamsitic g
-V High Al/At current paths on turn-OFF of SiC/GaN FET. ~

WE MEET @ DIGITAL DAYS
3 P



CURRENTS & LAYOUT GATE DRIVE

False turn on due to Miller-Effekt

Para;it C Miller effect No Parasitic

RIGINg —~ fym on SW um on SW
Ves Vsw .
it o 7 fﬂ
Vi ——
4H_‘ ; dt
Lp R G [»
YL I— Lniver = Chitter *
G-gs Bg:
G G
I
>

O RTN O O RTN
l:lu‘t ('Uee ra'l}

Av

At

Turn-off transient. Parasitic turn-on without -V rail connection due to Miller effect and gate resonant rinbing (left) and with

—Vee rail connection (right).
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EMC ISSUES ISOLATED GATE DRIVE

Common mode currents over isolation barrier

i3(D)=C %
T
O
Isolation |
Baﬁrier H
CMFiter G, | Cuuw | | Gy |D
I | gy L gt
| . l r! : | J G |-I: — nghT
To/From EM| ; . Cee
Measurement : I I I I S
E[]UI[]ITIEHT : Gi:n—dn‘ || || n|5|:I
| Iem ~ ! —
Earth/Chassis = - > =
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1Ir[-:m = Gusn-armr + Emn-ﬂru

Cx = Total Distributed Capacitance across isolation barrier
Lew= Equivalent Cm Choke

C, = Y-type (Line-Earth) Capacitor

If Cy is reduced, its impedance is increased and Ly and Lnz
are reduced as a result




TOPOLOGIES FOR ISOLATED GATE SUPPLY: PUSHPULL

Application example Tl

; 13 TEXAS INSTRUMENTS *.
* Cheap and fast solution c € JJ'"[[\ .

For evaluation only,;
not FCC approved for resale.

* Unregulated output voltage
« Tight input voltage range

Vin= 3.3V

- |

SN6501
4 3 T1 BRI Vour =5V

GND D2 =P >
. | 3¢ 1
Vee r— 0 1uF
5 Bl
+—{GND D1 P
1 ff TWF MBRO520L

Simplified Schematic

11 | WE MEET @ DIGITAL DAYS
ANNA | 2022




TOPOLOGIES FOR ISOLATED GATE SUPPLY: PUSHPULL
WE Push Pull Transformer

MID-PPTI Push-Pull Transformers for Texas Instruments

Characteristics Applications

Small size Isolated interface power supply for CAN, R5-485,
Surface mount R5-422, R5-232, 5P, 12C, lower-power LAN
Low profile Industrial automation
Operating temp: -40°C to 125°C Process control
Standards detail: IECE60950-1, ENB0950- Medical equipment
1/CSAB0950-1 and AS/NZS609501.1 PLC analog and digital I/O modules
Standards detail for high voltage series: Isolated gate driver power supplies

SOLUTIONS IEC60664-1, IEC60950-1 and IEC60601-1 AC motor drives

PSS Standards detail for SNES05EB supplementary Uninterruptible power supplies (UPS)

insulation series: IEC61010-1 Solar inverters
Functional, supplementary or reinforced insulation Polyphase energy meters
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TOPOLOGIES FOR ISOLATED GATE SUPPLY: FLYBACK
Application example from WE with LT8302/LM5180 controller

. VIN O
* More expensive and complex
— &Z\ —
* Regulated output voltage
a4
« Wide input voltage range L o~ g
* Multiple output voltage levels $ VIN W )

OvVLO RFB —  }——

INTVCC RREF ‘I

_ GND TC
LT8302
J£ LM5180

1 3 | WE MEET @ DIGITAL DAYS

ANNA | 2022

WE-750318131

— — —

PRI SEGI
. —O +15V

O RIN

O -4V

—_——

No optocoupler
requiered for
feedback



TOPOLOGIES FOR ISOLATED GATE SUPPLY: FLYBACK
GaN / SiC / 1GBTs up to 6W gate drive power : WE-AGDT

o L w H i Characteristics
{mm) (mim) {rmmj
E ) EP7 113 1095 1194  SMT Interwinding capacitance down to 6.8 pF

Tiny surface mount EP7 package
Dielectric insulation up to 4 KV AC
Basic insulation

Applications
Safety: [IEC62368-1/IEC61558-2-16

Industrial drives Common control voltages for SiC MOSFET's

AC motor inverters Flyback with primary side regulation

Electric vehicles Wide range input voltages 9 Vio 36 V

Powertrain High efficiency and very compact solution

Battery chargers Reference designs with Analog Devices and Texas
Solar inverters Instruments

Data centers Operating temperature:; -40°C up to +130°C
Uninterruptible power supplies ANPOE2 Gate Driver Power Supply for SiC-
Active power factor correction MOSFET | PDF

SIC-MOSFET based power converter RD001 Reference Design 6W Isolated auxiliary

power supply for SiC - MOSFET gate driver  PDF
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WE-AGDT
for GaN / SiC / IGBTs up to 6W - Most compact solution on the market

27 mm

A
A\ 4

90 % -

88 % -

14 mm

86 % -

84 % -

Efficiency

82 % -

80 % -

14mm

78% T T T T
ow 1W 2W 3w 4W 5W 6 W

Output Power

Negative Rail Load Regulation (@ Vi, )

_44

—QY =—12Yy =15y =18V
15.00V 37V 1

1495V
14.90V A ————
14,85V :
: . 4.0V . . .
ow 1w 2W 3w 4w 5W  BW

Output Power
—QY m—12Y =15V =18V

o
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=
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\

Rail Voltage
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-
1

14,80V . . .
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Output Power
— G\ m— 2 m—15Y =——1FY
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WE-AGDT
Reference design EMC test CISPR32-B

LFlIur
Vw O Y YL o
9-18V ne cFllter to DUT
T DUT and Load
[ |
GND © O GND I
Lo - WE-MAP| 74438324100 |
Crter + 2 WCAP-CSGP 885012209048 Copper plate10 cm x 10 cm
s it
— . “““*—h-—--__.______________________‘ A
T~ L TTTTIT T T 7T 11 /ll coueen Tap— ) "
A PN S
LN W] !
| | i R el At
oy
- Ll ML - 2 -
u et
7 | = ¥ 0
[ J‘J - e -10

30MHz

Frequency
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WE-AGDT

Reference design thermal result
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EMC FILTERS FOR WBG ISOLATED GATE DRIVE

Possible filter solutions for isolated DCDC
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EMC FILTERS FOR WBG ISOLATED GATE DRIVE

Impedance curves of the used CMC’s

WE-SL2 7442275 WE-SL3 74453101
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Y —~
. o hy
10000 pr
: 1
o® - -
L |
r '
/ !
& 1000 g p\
g 1’{ # ‘hé 3 / L \.&
3 . & 100
E. f‘ E' ]
= 100 : = ¥
il |
i
Fd
10 —
ra Ll ]
2 A
4
1 1 -~
0.01 0.1 1 10 100 0.1 1 10 100 1000
Frequency [MHz] Frequency [MHz]
— 7 (COMIM) - =7 (diff) — 7 (COMIM) - w7 (diff)

1 9 | WE MEET @ DIGITAL DAYS

ANNA | 2022




WBG 400W DEMONSTRATOR FROM WURTH ELEKTRONIK
4MHz GaN totempole SiC driver
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ISOLATED GATE DRIVE LAYOUT
|solation on PCB HV to LV side
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LAYOUT OF THE GATE DRIVE

Gate drive of GaN/SiC

i
siC FET
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BROADBAND MAINS FILTER FOR 1-PHASE 4kW

LT spice common mode simulation

= [t

V{in)VW{out)

‘l; Filter_CM_GaMNPFC_4kW.asc

NS4S

C5

100p

NS4S

D1 D2
WE-CMBNC WE-LPCC 57 =

10kHz - 30MHz 30MHz - 300MHz RFUH20NS4S RFUH2Q

Rmains " Rbleed wcap- CMC-LF CMC-HF out

L
Vdé) i5 ? CxX1 = ILM/LJ Cx2 = LA’L/LA_J
SINE(OD 325 50 T — WCAP-FTXX — mp FIXX —
1p - m 1p m ip
vam 10Meg ) 7448051804_4m5 7448680180_150u
AC10, + D3 D4

.ac dec 100 10000 2000000 2.2n |2.2n 22n [2.2n RFUH20NS4S RFUH29Q

WC.AP-C-SSA WC.AP—CSSA

<
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BROADBAND MAINS FILTER FOR 1-PHASE 4kW

LT spice differential mode simulation

= |[ =
V{in)/V{out,NOD5)

‘l: Filter_DM_GaMPFC_4kW.asc

=
D1 D2
WE-CMBNC WE-LPCC RV
10kHz - 30MHz 30MHz - 300MHz RFUH20NS4S | RFUH20NS4S
Rmains eed CMC-LF CMC-HF
RI.:'I in - _ out I
i is5 cX1 ol cX2 ol cx3 cs R
SINE(O 325 50 = —— WCAP-FTXX —— WCAP-FTXX L
AC10 10Meg 1p SRR ip = ip 100p 12
WCAP-FTX
% XL_7448051804_4m5 7448680180_150u
D3 Da
.ac dec 100 100000 300000000 S cvs |cva <
“[2.2n [2.2n 2.9n 2.2n RFUH20NS4S| RFUH20NS4S
WCAP-CSSA ~ WCAP-CSSA
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LOW VOLTAGE GAN FETS FOR DCDC?

What is the advantage of using GaN in DCDC converters?

* Duty Cycle can be very small due to the fast switching edges
» Advantageous for e.g. high step down ratios: 48V - 1,2\//20A with only one DCDC stage

* Switching frequency is usually still below TMHz due to efficiancy

 For high current and best efficiancy a new inductor has been developed

E )
« WE-HCFT (2504 Package) 4.1mm Flat 22202 G 3
Electrical Properties: = = —x
Properties Test conditions Value Unit | Tol. | ) 5-;{'—-1-@3—
Inductance L | 100 kHz/ 10 mA 1 pH | +=20% '
Rated Current |, [AT=50K 39 A | max
Saturation Current lggr | 1AL < 30 % 33 A | tp
DC Resistance Rpe | @ 20°C 0.86 mi | typ. —
DC Resistance Ry | @ 20°C 0.95 ma | max. Marking %
Self Resonant Frequency I 38 MHz | typ. =
Dperating Voltage VW |DC 8O Vo max 1 e
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REDEXPERT SIMULATION OF THE NEW INDUCTOR
Buck sync 48V—->1,2V 20A 500kHz

REDEXPERT"  FOWER INDUCTORS APPLICATIONS | HOWTO | ®§ SHARE & 41TEMS & ANDREAS
Buck Sync Converter ‘lo Filters: Mot Internal Series = WE-HCFT Size = 2504 Type = Single, Single HV 2 = 12.0 A lr=10.1 A ATrar= 800 K 4items £y
Reapply % Order Code Series T S.. L. Spec T. T Lagg=c@20.1A ¥ Rocwye v A% W Iy Poc v Pror f ATror T L U Hagae
praseress e I G e Wm--mmm-mmm o mmmmmmmA
iy A Swnen Inauetar < 7443762504022 WE-HCFT 2504 w  Single 2.20 uH 1.98 uH 1.78 mQ 530 % 300 A 238A 231MHz | 230mW | 712mW = 735mwW 207K 252mm  182mm 420 mm
48.0-48.0V 1.20V 500 kHz 40 %
2004 < 7443762504047 WE-HCFT 2504 Gy Single 470 pH 277 ma 249% 240 A 140A  144MHz | 10.7 mW TITW 112w 349K 252mm 182mm  420mm
DETAILS
[ Lo L < 7443762504068 WE-HCFT 2504 wp  Single  6.80 pH 421 mo 172% 200 A 126 A  11.0MHz = 7.43mW 1.68 W 1.69 W 507K 252mm  182mm  4.20mm
2240A 293 nH =20.0A
7443762504010
be i [ Tep
0.03 2.34A =21.2A 50.0 ns

7443762504010 X
WEHCFT - 2504

1.00 pH - 0.860 mo}

Show Panel:
205 A '\ Inductance / DC Current (Ambient Temperature)} = O3 Temperature Rise / DC Current (Ambient
e \] \ T= 20°C -

1.2 uH 80 K
:
ToK |
1 pH
B Total EH AT
8 a0 K
200 nH 4
344 mW 394 mW 2 soK
@ [
Pvs. Vi, = =
+ 600nH £ 40K
2 2
=
- 5
2 30K
400 nH
20 K
200 nH
Pvs. f, 10K 4
aH ok
oA 5A 10 A 5A 20 A 25 A 30 A 35 A 40 A 45 A 50 A oA 10 A 20 A 30 A 40 A 50 A
Current Current
100 mw 4
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