Ga Systems

GNOO9 Application Note

PCB Layout Considerations
with GaN E-HEMTs

March 08, 2022
GaN Systems Inc.




OVG rV| eW G@ Systems

A This guvidg provides an overview of the good engineerin,g Apractice for PCB la
2F¥ RSaAdya dzaeHEMIls DI b {eauSYaQ
A Layout guidelines are introduced for the following four circuit configurations
1) Isolated gate driver circuit for single GaNEMTSs
2) Isolated gate driver circuit for paralleled GalEMTs
3) Halfbridge Booststrap gate driver circuit
4) EZDrivéMcircuit

A With optimum board layout combined witlow packaganductance, GaN-E
HEMTs exhibit optimum switching performance
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A GaN{ & a 0 ENEMTIshave very low packaginginductance,while enabling
ultra-low inductancePCBoowerloops

A Good engineering practice of layout techniques are required to minimize
parasiticinductanceandfully utilize the benefitof GaN{ & & (| BREMT3

A Thisapplicationnote showskey stepsto designan optimal PCBayoutwith GaN
to maximizeconverterperformance




Motivation

G@ Systems

A GaNEHEMTsswitch much faster than SiMOSFETsand require proper engineeringconsiderationof PCBlayout

designto minimizeparasiticinductances

A Parasiticinductancescan cause higher overshoot voltages, ringing/oscillation, EMC issues, which can lead to

overstressinghe EHEMTs
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€D 125.0 I
value Mean mMin Max Std Dev |
@& High 40.0mvy  40.0m 40.0m 40.0m 0.00

& 100V

& Low —80.0mV —80.0m -80.0m —80.0m 0.00 |-|00r15 HS 00GS/S H [ 1 BN 30.0 V"‘
[++4.37680us | [ 20M points_ J

Example of amnsuccessful design caused by
unbalanced quastommon source inductance

Hard switching on/off
Vsolke—52V

Off dv/dt=59.6V/nS

<
Measure P1:max(C1) P2mantZ1) P3:--- P4--- P5: - - PG - -

Timebase 185 Trigger (5
5.00 ps/divl Normal 97 V|

500 kS 10 GS/sjEdge  Positive|

Measursment Setup: Lecroy WaveSurfer 10M Oscilloscops, HVD31006 Diffsrential Probe(C1), CWT-3LFB mini Rogowski Coil(C2)

Example of clean switchingaveforms when good
PCB layout practices are used (400 V/240 A DP&

value 454 448Y



PCB Layout Steps GQN sisters

Stepl: Preparethe schematicandidentify the componentsof eachcriticalloop

A Isolatedgatedriver circuit for singleGaNHEMTs

A Isolatedgatedriver circuit for paralleledGaNHEMTs
A HaltbridgeBootstrapgatedriver circuit
A EZDrivéMcircuit

Step2: Placethe componentsaccordingo the designpriority andcurrentdirection

A Putcomponentsascloseaspossible

A Accordingo the currentdirection, setthe componentin sequence
A If there is a conflict for minimizingall the loops, refer to the priority listed on slide
7/8/9/10.

Step 3. Connectthe componentsoptimally to achieve low parasiticswith flux
cancellationtechniques




PCB Layout Steps GQN sisters

Stepl: Preparethe schematicandidentify the componentsof eachcriticalloop

A Isolatedgatedriver circuit for singleGaNHEMTs

A Isolatedgatedriver circuit for paralleledGaNHEMTs
A HaltbridgeBootstrapgatedriver circuit
A EZDrivéMcircuit




Isolated gate driver circuit for single GaN HEMT GQN sisters

Critical Loops
Critical Loops Design Rule

Power Commutation loop Q1,Q2,Gys
GaN Enhancementhode HEMT Half Bridge

: As small as O VIN+
2a LS Gate Driver loop (twon) C5,UL,R,,Q2 possible

2b LS Gate Driver loop (twwoff) C7,UL,R#Q2

A Highside isolated gate drive design is
symmetric as Lowside, not shown in the

diagram

- C?BUS

A Priority of HSgatedriver loopis sameasLS

iPGND




Isolated gate driver circuit for paralleled GaN HEMTs ~ GQN siseers

o T o

GaN Enhancement-mode HEMT Half Bridge

|
| .
|
Priority Critical Loops Components ClniEz] [Leppe [ ’J |
Design Rule | a3 Q4. |
! e T e
Quasicommon source jmm———————- e — el ! |
loop (highside) Q3, Q4 | e Ps1 | _Ti P |
1b Quasicommon source 01, Q2 i L w mul i
loop (lowside) ' As small and | Oenp | 0 I |
| |
g |
. Gous Q3/Q4, symmetricfor | o : |
2 Power Commutation loop 01/02 each of | - : — | 1.,
paralleled | | |
3a LS Gate Driver loop (ER,fll(LQJi/RI:GL devices as ¢ YRl e |
(turn-on) T possible : GNDI | || VvO- '
Re/Q2/Rs, . | |
| ov
: C7,U1 | N H e '
LS Gate Driver loo P [EN ' !
3b (tu rn_off) p RGllQllRSb : : VEE GD_GND [ ———— par— :
Rs/Q2/Rs; | u1 '

Low-side |sd|ated gate drive design |

Highside isolated gate drive design is symmetric as-kml®, not shown in the diagram
Priority of HS gate driver loop is same as LS
Distributed gate and source resistancg RRs,and R/ Rg,needs to be separated




Priority

2a

2b

2C

2d

Critical Loops

Power Commutation loop

HS Gate Driver Loop
(turn-on)

HS Gate Driver Loop
(turn-off)

LS Gate Driver Loop
(turn-on)

LS Gate Driver Loop
(turn-off)

Use above table to identify critical loop, components and priority

Half-bridge Bootstrap Gate Driver Circuit  (Non-isolated) GQIN s

VIN+

VCC_6V
Critical el SN
Components Loops VCC_6V  Goor==| 1
Design Rule ~
(?11(221gb8
Ul
DBOOT %OOT CBOOT PE29101
U1, %on_HS Q1
As small as
1, Ul ,
QL Ror v possible
PWM_IN
C1,U1, R, 1sQ2
- EN
Q2, Ry 15 U1 p—

RDLH

\%4
Example driver

= Gaus

PGND

!




EZDriveSM circuit (Non -isolated half -bridge) GQN sisters

Critical
Priority Critical Loops Components Loops
Design Rule

Power Commutation

400V
L Loop QL Q2 fus o
R?;OOT DBOOT
RBOOT Iq?;OOT ]C_;V T
HS Gate Driver Loop  Goo7 U1, Ry,
2a controller
(turn-on) Rezs Gzs &eza [ Se; c
Z:2, Q1 Voo F
rallel 1 QBUS
HS Gate Driver Loop Ql £ %2 Assmallas O I'I:IIN { T
2b (turn-off) Rezr Gza Ren possible o O
Ul LIN G| [UN
LS Gate Driver Loop Ul Ro Rz oM 2 A E
2c (turn-on) CGeza Zeza Zeza % ralle 2
Q2 74
: 2. L WL : J v
2d LS Gate Driver Loop 32" %23 %24 Simplified diagram: controller w/ integrated driver
_ Reza Gza Rz
(turn-off) Ul

A Use above table to identify critical loop, components and priority

Note: more details aboutZDrivéMplease refer to Application note GNO10Htps://gansystems.com/



https://gansystems.com/

PCB Layout Steps GQN sisters

Step2: Placethe componentsaccordingo the designpriority andcurrentdirection

A Putcomponentsascloseaspossible

A Accordingo the currentdirection, setthe componentin sequence
A If there is a conflict for minimizingall the loops, refer to the priority listed on slide
7/8/9/10.




Step 2.1: Power commutation loops (Top -side cooling) GQN s

Example: Isolated gate driver circuit w/ single GaN HEMT Component Placement
A Place components as close together as possible
GaN Enhancementnode HEMT Half Bridge
f‘o ‘ “ ‘ <+«—— Gycapacitors
,,,,,,,,,, I
vcc PSl‘ \LPD
v | = Gaus

Q1

Topside cooled devices
(GaN HEMTQ1/Q2 areon the bottom side of PQE - N

= I
SVIN | VOO |
1SO pC/DC = &b dND
T e - .
(EEELE T I
|
|
|
|
|
|
|
|
|
|
|
|

% L |
El | Q2
Ul\ PGND | |
N = N
Critical Loops
criicatboops Design Rule
Power Commutation loop Q1,Q2,Gys
LS Gate Driver loop As small as <«— Gyscapacitors
2a C5,U1,R,,Q2 .
(turn-on) possible *’\ oon
LS Gate Driver loop Side view Q1Q2

2b C7,UL,R,Q2

(turn-off)




Step 2.2: Gate Driver Circuit Loop (Top -side cooling) GQN st

Component Placement

Example: Isolated gate driver circuit w/ single GaN HEMT
A Locate drivers close to the gate

A Uselcreate kelvin source for driver return
GaN Enhancemennode HEMT Half Bridge

I ” | <+«—— Gyygcapacitors

1 — — ]
}*”Vc*c"’,;s’l‘r 7777777777777 Ql . . — pt
3 , Topside cooled devices oy ™ 2
} Sonp 1 ov L (GaN HEMTQ1/Q2 are on the bottom side of P(Ii@ ' L -
] } L e ] =
i PWM_IN " } Q2
ig VDDI i .l — - —
Bl - ., -
: = i - e -
i PGND ) - -
ritical L
T
Power Commutation loop Q1,Q2,Gus Ceuscapacitors Gate drver

LS Gate Driver loop

2a C5ULR,Q2 S S EE %
(turn-on) possible

LS Gate Driver loop

2 (turn-off)

C7,UL,RyQ2

Side view ™\ 6102




Step 2.1: Power commutation loops  (Bottom -side cooling) GQN ssstems

Example: Isolated gate driver circuit w/ single GaN HEMT

A Place components as close together as possible

GaN Enhancementnode HEMT Half Bridge
——O VIN+

Component Placement

&—— Gy gcapacitors

)

|
|
E = Geus . .
oo Bottom-side cooled devices
S L 1T GaN HEMT Q1Q2/caps on the same side of PCB
lo
|g VDDI
| o ‘_r?
|
e [f e
|
| U1I T PGND -
' 1]
Priority Critical Loops Components Critical Loops _
Design Rule Gyuscapacitors
Power Commutation loop Q1,02,Gys / — Q1/Q2
’a LS G(?Ltﬁnl?org/)er loop C5,U1,R,,Q2 As Sm‘?)lll as
_ possibie Side view PCB
2b LS Gate Driver loop C7,U1RQ2

(turn-off)




Step 2.2: Gate Driver Circuit Loop (Bottom -side cooling) GQIN svster:

Example: Isolated gate driver circuit with single GaN HEMT

A Locate drivers close to the gate Component Placement
A Uselcreate kelvin source for driver return
GaN Enhancemeninode HEMT Half Bridge - - - - .
s <«—— Gyscapacitors
; %rl I e
] e -
}’”VCE”’,;TSEE’ ”””””” \@6”} QL _lm
I VIN voo T ! u2
I ! L ! -
} GNDuso |PCIDva | I;] [1] lGDﬁd}ND -
} Ng | - ! =+ Gaus |
| ov | VDD VEE } |
i PWM_IN v i } -
} § VDDI : :
| I
} GNDI E i .
} o EN | -
e : | -
! i [
I ! [ ]

Ul i PGND

Bottom-side cooled devices

rr
Critical Loops - (gate driver/GaN HEMT/caps on the same side of IPC
Priority Critical Loops Components
Design Rule

Power Commutation loop  Q1,Q2,Gys Geuscapacitors Gate driver
\
LS Gate Driver loop As small as
2a C5,U1,R,,Q2 :
(turn-on) possible bCB
- LS Gate Driver loop C7,ULR,Q2 Side view “h1/02

(turn-off)




PCB Layout Steps GQN sisters

Step 3. Connectthe componentsoptimally to achieve low parasiticswith flux
cancellationtechniques




Step 3.1: Introduction: Magnetic Flux Cancellation for Lower Inductance G@ S

A When two adjacent conductos are located close with opposite current direction, magnetic flux
generatedby two currentflows will canceleachother.

T

Thismagneticflux cancelingeffect canlower the parasiticinductance

To

Arrangethe layout so that high-frequency current flows in opposite direction on two adjacentPCB
layers

he - B Components Q2 Ql

1 Top layer of PCB Hﬂ

Bottom layer of PCB Side Vi o

Top View

¥I

?\T




Step 3.2: Connect the components with Flux -cancelling traces G@ Systems

A Connect the components with Fheancelling tracessee below example of tegide cooled devices and

bottom-side cooled devices.

Example: Togside cooled devices Example: Bottomside cooled devices
(GaN HEMT is on the bottom side of HCB (gate driver/GaN HEMT/caps on the same side of PCB

Gate
Driver

Gate
Driver

Top view Bottom view
Decoupling
Caps i
V'N*:|_|_| - GaN E-HEMTs pecoupiing - 1UXcancelling traces
Caps
TOP LAYER | T~ :
i LAYER 2 [ - — — — H P o LAVER
PGND VSW VIN+
LAYER 3 5o Ltaver2  Use layer 2 as ground
. . . i LAYER 4 Lavers  return (4-layerPCB)
PGNDl VIN+ LAYER 4

Vew

; . ’ Side view
Slde view GaN E-HEMTs




Experimental Example: 400V/240A DPT Hard-switching Test GQN] svsters

DUT: 4 x GS66516T in parallel.

Freewheeling: 4 x GS66516T in parallel

iL(C2)

'3 L=50uH

Test conditions
Vgus 400 V
Ibs ot 231 A
lbs orF 240 A Freewheeli@;
Vg 6.8 V5V Ves‘*5VH
Rs_on= 4.55m s
Re_ore 1.25m
DUT A
4 x GS66516T] 5
Double Pulse Test

'r,;._._...._._._._._._._._._._._._._._._._, .............. verywhereyoulook’ |
\ P s
: T e Sp—— === C2: 00N — — o= :

|

3 Hard switching on/off
EEEN EEREN FER RN EEREN EEEN Ry | " VspikeeS2V _ |
S e A S S S B e o Yy e
- On: dvAt=19.5V/nS Off:| dvkit=59.6VinS |
M;a;ure P1:max(C1) P2:max{Z1) P3:=-- P4--- P5s=- PB:-=-

value 454V 448V
status

Timebase 18.5 ps||Trigger
Normal 97V
Edge  Positive

Measurement Setup:ecroyWaveSurfeOM Oscilloscope, HVYD3106 Differential Probe(C1), GB0OFB miniRogowskiCoil(C2)

A Usinggood engineeringpracticefor PCBayoutin designswhere GaN{ & & (i BHEMTare paralleled,
currentbalancingand cleanswitchingcanbe achieved Hardswitchedis possibleto full rated current
A Thisexampledemonstrates-200V V,smarginon a 400v/240A hard-switchingtest
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A Dueto faster switchingspeedof GaNEHEMTsgood engineeringpracticefor PCBayout

techniquesare requiredto minimizeparasiticinductanceand fully utilize theseadvanced
devices

A Optimizingthe PCBlayout is important to achievethe maximumperformancecapability
of GaNbaseddesigns With optimum board layout combinedwith low GaNPX® package
inductance GaN{ & & (i BREMTexhibitpeakswitchingperformance
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Product and application support at
gansystems.com
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