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Why wide bandgap device in hard-switching converters?

Wide bandgap device benefits

' 1
[ T J 1
Gate Dead time
1 | IJ °
1 1 1
Coss Q- Overlap Overlap GaN H:‘ J o
loss Loss loss loss H

5

85-265 V¢

400Vpe
— 12, 48V,

)|
/1

No or low reverse Low overlap loss with

l_
recovery loss less capacitance GaN [ J ’L‘J

better Figure of Merit

E_ow Coss loss givenits
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Why wide bandgap device in soft-switching converters?

* Reduced outputcapacitance Coss

— Reduces dead-time

— Low transformer magnetizing current to minimize circulating

current loss & eddy loss.

 Reducedturn-offoverlap and gate driver losses

120

100

80 =]

60

Switching Energy (1)

[
40
I

20

o

o 3 6 9 12 15 18 21 24 27 30
il (A

Inductive Load Current (A) /

Negligible turn-off loss in TI GaN
with gate driver integration

» High power densityin system
— GaN enables higher f,, to reduce magnetic components, and

enables magnetic integration.

1
S2

Iy

Waveform @f, <f,

| — | I_L

i1y Reduced circulating current

L

- ‘_______..—- Low MOSFET
i turn-off

7 \>_/ current
I_l Primary ZVS

Secondary ZCS

ATATA 4

Reduced deadtime
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1) Why actual switching loss can be different from datasheet?

— Lload

':-—_I_

145" Rshunt =
+

GND

Double Pulse Test (DPT)

CPCBI

Switching Loss (uJ )

160 -

140 -

407
... 0 --0----0------0
20

» Parasitic capacitance from load inductor C; and PCB Cp.p leads to additional C g

loss in hard-switching conditions.

* Interpret the datasheet loss correctly to applications

Gate driver differences:

— Gate drive strength (source/sink capability), R,

— Gate drive layout

-®- Turn-on Loss from Datasheet

=== Customer DPT turn-onloss
-®- Turn-off Loss from Datasheet = "~ wmss Customer DPT turn-off loss

0 5 10 15 20 25 30

Load Current (A)

Datasheet Loss

Switching Loss (uJ )

160 -
140
120 F
100 -
80

60

40

20+

0

-®- Turn-on Loss
-®- Turn-off Loss

Hard-switching device

- Soft-switching (ZVS) device /

\

o---0----0.---@g----@---®----@
0 5 10 15 20 25 30

Load Current (A)

Device Hard-switching Loss A
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Gate driver layout affects switching loss

/Common SourceInductance EﬁeN
— e Drﬂn

GaN FET

Gate Driver SaN

Driver

OUTE;@E @ rl@
GNDE©:

TE DRAIN
SOURCE

Common Source Inductance (CSlI)
*  Slows Vpg transitions.
« Higher overlap losses (Hard-
Switching).
* Longer dead-times (Soft-Switching).
Gate Loop Inductance
* Limit peak gate current: slow down
gate drive and induce high overlap
losses in hard switching.
« Gate overstress reliability risk.
*  Miller shoot-through risk.

red = 0 nH, green = 1 nH, blue = 5nH
\ Limits peak Ips, De-biases Vgs

[ Driver | lGaN |

| Ldrv_wdd | | |

| | | |

| Ldrv_out, Lg_pch Lg_gan I

’""L]—-'”'*—L‘"“—l GaN

| | | |

= | I I I

I Ldrv_gnd I | =) |

! - T Ls cbl - —|

Py | Source

| Transsent Response 1

l“_ B i
Sv“- LepelnH Sf::: —

i S |

oo

TME

High-side turn on versus common-source inductance:

/

Dl'i\‘;] IG_BH_ o Lﬂ_
Ldrv_wdd | |

[
I
I | |
Ldrv_out, Lg_pcb Lg_gan
IN| mJJﬁﬁlm_l GaM
|
|
|
|

I

i

rv_gnd |
EE — 1 | | —
st_l;&hb Source

/ Gate Loop Inductance Effect \
—_—— Drain

Miller Shoot-
Through Losses

Fi e — S ———

J

[T T LD At A Ml et
LTI T ]
TRE fu3)

WO W02 1003 1e04 b

Low-side hold-off versus gate-loop inductance
red = 2 nH, green = 4 nH, blue = 10 nH

Limits peak Igate & slows down dVps/dt
Causes Vgs ringing & Miller shoot-through
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Gate drive optimizations

» DiscreteLayoutin PCB

Reduce cross-talk: gate drivers
with active miller clamping is
preferred for high dv/dt operation.

Reduce gate loop inductance: L
Place bypass cap closer and use !
vertical loop in PCB. L

Reduce L.: Kelvin source
connection for gate drive loop

* Gate Drive Integration

Gate driver integration benefits: RDRV [ 1+ L e Layout: external bypass
» The gate loop inductance in between N : l | : capacitor needs to be
the driver and GaN is minimized. VoL TR placed close to the driver
« Gate drive strength and noise % ___'_:“‘Cﬂi‘i) supply.
immunity are better controlled. TEMP :

]

LMG342x / LMGB%ZX 6
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2) Why bootstrap needs proper designs in WBG devices?
* Challenges in Bootstrap Circuit in GaN / SiC

Direct-Drive
Vaa v = Vaa, = Vaiode = Voan 1 = Vaa L — Vaiode = las, * Rason_t

The peak drive voltage can exceed the Viarn .~ . 3 quadrant

. . : . ” e 2 )
maximum Vs rating in GaN devices. A \ -~ conduction

The valley drive voltage can affect the
on-resistance and switching speed of
high-side devices.

<
<«

> t
In PFC operation with AC current,
V44 y Varies with peak and valleys.

e Solutions:

— Add pre-regulationcircuits (e.g. buck-boost converter) such | s soees
that the output for drive voltage is stable. o non-isolare

power supply
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3) Why fast SCP is needed in WBG device?

» During short circuit, device is dissipating .
more energy and cause over-heating.

* SIC / GaN has smaller chip size, thus

shorter short-circuit withstand time with
less thermal capacity.

A Phase-leg
|~ shoot through |
Ves

|

| |
| |
| |
| |
| |
| |
| |

1
EC == f VdS . Id . dt

VNEG |

, || oce,sce, || Current -~
ote, uvio |———l
|

w[]

Integrated Short Circuit Protection
— Provides fast response time with accurate tripping points.
— No external components.

Vbus
Short Wire
HS Iy l Shorting
GaN HS GaN
LS
GaN
GND

Short Circuit Test Diagram

short circuit /

trips at95A--7’-'

| s atos
"/

/
: /
o (2080d) |/

TN

‘ 78ns responseti
|

» ”WJ

@ Toev L BT R

] [Tours, [Famess @ Ty
200 points ||

Short Circuit Test at 400V
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4) Why power loop layout is critical?

Large Power Loop Inductance will
— Increase ringing and cause EMI concerns
— Increase voltage spikes
— Induce noises causing signal integrity issue

[DRTAIA! A

cb

Ls_|

e
—

[ VTerS WYy

M Lpl=2nH
L Lpl=SnH
L Lpl=10nH
. Lpl=20nH

Transient Analysis 'tran’ time = (05 > 11 us)

500.0 /
027198us 490,524 335V,

400.0 =

> 300.0 =

100.0 =

ITC/LIPLUS")
LMl Lpl=2nH
* i Lpl=5nH
L Lpl-10nH
L Lpl=20nH

300 3
260 3
220 3

a)

00 =
T
4.0 3

10015  10.02 10.025 10.03 10.035 10.04 10.045 10.05 10055  10.06  10.085  10.07  10.075
time fus]

Vg, finging versus power loop inductance

red = 2nH, green = 5nH, blue = 10nH,

= 20nH
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Good practice for power loop layout

« Good Practice Procedures
— Place GaN devices and decoupling capacitors close together.
— Use multiple ceramic decoupling capacitors with low-inductance.
— Vertical loop: use wide return path in the adjacent layer for inductance cancellation.

Side View

Lgs = 2.0 nH

10
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5) Why driver output doesn’t follow input?

Vee 3 Voo Voo
1 & | 1
ICByp: g : gCBpr """"""""""""""""""""""""""""
& IN = I z I .;} 2 Py JJ«J‘J"'N\ ﬂ.vﬁ»g E
Mol >T 1B I>——mk A \]] i
! 5 ! ouT e . \,m i
GND 9 3 ! E
3 Driver Output: 10 V/div E

|

QE 02 V! 200 Vidivf! va

Q1 lpg: 10 Aldiv

Time: 100 ns/div
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5) Isolated driver doesn’t have enough CMTI capability

« Without good common mode transient immunity (CMT]I), parasitic noise currents
could cause malfunction of the driver which includes missing pulse, excessive
propagation delay, high or low error or output latch

Vee ey Voo Vocs :
— g = o CMTI Failure Example

1< o s

o IN l:CBypi 2 E gCBVP — 3 / {r“\fh""‘lll .f’rl\ !P-\f‘: i ;I"\J[Ii!f‘\ A ‘f*‘.f:"‘-"gl ;d‘,l’“y'"‘\

O—Q-E>— ! g ! «E>—‘ ,':} 1‘ (_, d iy I ‘-11‘ =__ I(ﬂl‘ i 1\ F‘xf \i\ 4 \
: 3 : out \_::-.—.-ﬁ--.-..-.--.»-a-;-.:m.a.:.-.‘..-.-,-‘.--..a-r;;-:f-...-.-i’ \""-,___.;,-.‘J "'v,__",‘-j ""‘n__,___-_,._" N ..—“![ \'*.g_h:;,J L v

GND ¥ ;_ - E

[l |

q——\.\ _ : : : | | !
o Q2 | Iy
- Vou iEF Q2 Vost 200 Vi :
WV Veu '_u .‘ ‘ ) \?UWW m W\/v NVV\\/\/J
dv/dt
(v/ns) Time: 100 ns/div
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6) Why a false signal on isolator output?

» The isolator’s insufficient CMTI is causing the glitch at isolator output.

Direct-Drive

>

* Solution

— Choose higher CMTI isolator Py .
. . iy T
— lIsolator with default low output is preferred s | :
- - - . . L : : = rotection Current
— An RC filter is recommend on the high-side isolator’s output E P e T
TekPrevu [ 0 _n‘:O - 1 : : SGNDé_ ST:;! }” a:
»| o ! LS rphpecst Ay | High dv/dt at
A Nod L ¥ Switch Node
| “I‘ ‘1 j \‘ J(F'\\E J/ \‘,vvd“\‘a“"\\'/’*w_m\,h,»., N AN AR ARAON P omy
AT 1 Direct-Drive
148V/ns dv/dt | : >
Pt e g gy \l solator
r" <« ~12ns = B S
1 I I ]
o ! Lo
1'r“ ; i i Protection Currem‘
Vds (GOV/ d|V) '*‘«-v‘-«rWrWWW’"/ L LDO
(@ w00V [2) ® oV © sno.,« J(10.0ns 5.00G5/5 @5 Timeout seND ISE‘IE;
e g TE I
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7) Why CMTl s critical for high-sideisolated bias supply?

* Large Cj, gias INduces common-mode noise to signal Direct-Drive
ground and affects signals like fault feedback or PWMs. >

« Solutions: L .
- - _ ic‘soi TEMP Tj
— Low coupling capacitance in the transformer and PCB layout. ﬂ_ HHR foc roeeton CTent g
- Add common mode choke. T P!

Ve O isolated
Bia:
&n P'v } ||
Reduce C sssss High dvidt at
Iso Bldg G v Switch Node

Cdec——

High-side GaN?reports a fault to MCU,
and_systefn stops all PWMs

Isolator

|
T

Current'

|
| |
| |
| |
| |
| |
} } Protection
| |
| |
1 1

Ve O isolated
Bias
SGND Suply

system stops switching at high dv/dt 14
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8) Why system cannot start at high dv/dt?

* Root cause: the switch node has overlap with the control
around and signals leading to capacitive coupling noises.

Tek 17 M 200ms

I
(5Adiv)

Vew
(100v/div) = Wﬁ'"”'vw AT} lm—ﬂ'“ﬂlfﬂ' ll!"!“'l!ll'l'l!'_| I

“ Eaﬂunu Ll ok

* No currentin positive AC cycle
* LS GaNtriggered fault

M 10.0ms.

IL_
(5A/div) ol
HS PWM

(5VIdiv) i
:'13_&?

* When LS GaN s turning on, HS PWM

has a 1.8V noise causing shoot-through.

Direct-Drive

>

TEMP T

{

Protection Current »

Ve Isolated o
Bias
SGND Suply >

High dv/dt at Coe——
; Switch Node

Crca1
< B Direct-Drive
e retones Crcez
signals referre
¢ to SGND ‘{ }_1
v
Isolator

PWM
Rl {

TEMP T

I

I I

I I

I I

I I

Vo . Current
I I

I I

I I

1 1

Protection {3
Ve Isolated
Bias
SGND Suply

LDO
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Check switch node coupling

Slew
Rorv ate al
* Root cause: the switch node has overlap with the control o £ L -
ground and signals leading to capacitive coupling. J LN }E
Isolator Isw 3 .
« Solution: avoid signal tracing above or below the switch Rl I— l """

node plan unless the signals are referring to switch-node.

L

Tek fi4 M 200ms Tek FiiT M 10.0ms 7] Is:Iia—::d r
SGND Suply - LJ_
i i sw e
j(;i Bias @ High dv/dt at Cdec__
L v Switch Node
Crcai { —
I }—%L GaN
L - H
(5A/div) ol sw. . sinsls referre cB2
| s P sl “(L0oVrdivy 1 l\l\ H:
| (5vidiv) Isolator -
B|Ls_0cp = P ]
. .. . . } } /oc
+ No current in positive AC cycle + When LS GaN is turning on, HS PWM | P j__l_l.—
+ LS GaNtriggered fault has a 1.8V noise causing shoot-through. o :l:|

Ve O isolated
Bias
SGND Suply

A
GNDI _—
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Check switch node coupling

* Root cause: the switch node has overlap with the control
ground and signals leading to capacitive coupling.

» Solution: avoid signal tracing above or below the switch
node plan unless the signals are referring to switch-node.

Tek fT M 200ms

M 10.0ms

IL
(5A/div) I,
(sAdiv) |

Var B Ho WM i
(100V/d i) B{H— Te—r 7 4T v
* TR L b Lii ploor
* No currentin positive AC cycle * When LS GaN s turning on, HS PWM * Rework the board and remove the
* LS GaNtriggered fault has a 1.8V noise causing shoot-through. noise coupling from switch node.
* Modified their layout and solved the
problem.

17
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9) Why to avoid noise coupling to and from cooling plane?

Slew VbUSL
» Noise coupling through cooling: s
» Most GaN/ SiC devices’ exposed thermal pad is electrically =S IE

connected to device’s drain or source.

« Capacitive coupling exists between the switch-node and
signal ground or signals.

" Buck-boost I,

e

Cold Plate/Heatsink

GaN

;
[

Isolator

Push-Pins

»—— Buck-boost ]

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
-

Ve O isolated
Bias
SGND Suply

mg}'

A
GNDI _—
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Ways to reduce noise coupling to cooling plane

* Minimize the traces and vias in adjacent
layers to cooling plane.

* Increase distance to cooling plane in certain
area to reduce coupling capacitance.

C_e-A
T d

most traces in inner layers Thermal Interface
Material (TIM)

¢ |
™ "¢ pcB
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10) Why PWM signals are noisy at high dv/dt?

» Issue: PWM signals from the controller have large noises at high dv/dt operations.

No shielding on the PWM traces from controller to GaN card:
high dv/dt and di/dt noises are coupled to PWMs

Inputcurrent | / Wi
,,,,,, ,:,;’,‘fv"‘;"i‘.‘ffl + PCBtraceiscut - e
pkSiGall eV i e - Shielded wireisused LS GaNPWM | it

g
A

Noise Issue at 100V/ns, 380V Operate Properly at 100V/ns, 380V

20
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Good practices to maintain signals integrity

« Signal Shielding: all signals need to be shielded by its reference ground. Shielding is
recommended for both the controller’s outputs and the isolator outputs.

« Kelvin Signal Connection:
— Avoid the noise area where high transient power passes through due to PCB trace impedance.
— The quiet area with significantly less power transition is used for signal ground.

. . Quiet Areafor Signal Ground
Signalstraces with

Ground Shielding

] 000
OOODO

° ooo )
(-} 000000000

o /*

Noisy area
due to high
di/dt transition

K
000000000

00000000
00000000000

)
o%

2=

20
o
oo
0
éh
00
(-]
(1]
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Summary: design guidelines with WBG devices

- Gatedriver
— Optimize gate loop layout
— For bootstrap operation, add pre-regulations for drive voltage
— Fast short circuit protection

 Powerloop
— Reduce power loop inductance for EMI and noise immunity improvement

CMTIin high dv/dt operation
— Good CMTI performance in isolator / isolated gate driver, and isolated bias supply
— Additional RC filter can help on glitch noises

* Noise coupling
— Avoid switch-node coupling to signals unless the signals are referred to switch-node
— Minimize capacitive coupling to cooling plane
— Provide good shielding to signals

22
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