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Fundamentals of GaN Systems E-HEMT GQN ssems
GaN Enhancement mode High Electron Mobility Transistor (E-HEMT):

* Lateral 2DEG (2-dimensional electron gas) channel formed between AlGaN and GaN layers

* Positive gate bias opens up 2DEG channel
* 0V or negative gate voltage shuts off 2DEG and block forward conduction
* Voltage driven: Gate driver charges/discharges (Cgp + Cgs)

* No DC gate driving current needed: gate leakage current only (ls)
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GaN E-HEMT simplified structure

E-HEMT circuit model
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Gate Characteristics GaN E-HEMT vs. other technologies G@ Systems

» Similar gate drive requirement to Silicon MOSFET/IGBT

* Much Smaller gate charge — Lower drive loss, faster rise & fall time

* Lower gate voltage — Select right gate driver UVLO

e Easy5to 6.5V gate drive with maximum rating +7V and +10V transient
* 0V to turn off, typical V4,=1.5V.

* Negative voltage improves gate drive robustness but is optional

e Easy slew rate control using gate resistor

GaN Systems
Gate drive voltage level GaN E-HEMT Si MOSFET SIC MOSFET

Maximum rating -10/+7V +/-20V +/-20V -8/+18V

Transient maximum -20/+10V* +/-30V

Typical operational values [RVGTEEYELE R 0/+10-12V 0 or -9/+15V -4/+15V

[*] pulse width < 1uS
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GaN E-HEMT Reverse Conduction GQN ssems

* No parasitic body diode: Zero Qgg Loss & very high dv/dt ruggedness

* GaN E-HEMT is naturally capable of reverse conduction, without external diode

* Unlike MOSFETs/IGBT, reverse current flow through same 2DEG channel as forward conduction
* “Diode” like reverse behavior is Vs dependent

Drain-source forward bias: Reverse bias V;=0V: Reverse bias with -V:
Vbs
+
@ Ves oFF

S
s (D’) <«
+ +
G

A v
VGS’
D
sy €

When V< 0V: no channel conduction *  One can consider D/S swapped in *  2DEG starts to conduct when
reverse bias mode Vo=V .. +V
sD = VaTH T Vs oFf

e 2DEG channel starts to conduit -V increases reverse voltage
when Vg, = Veg (Vgp) > Ve = V1.5V drop Vg,
e Reverse current flows in 2DEG
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Reverse Conduction Loss model

G@ Systems

GS66508T reverse |/V characteristics
120
T)=25°C

100

Vs = 6V (on-state):
e 2-quadrant bidirectional current flow in 2DEG channel
* Reverse Rds(on) same as forward conduction

- 2
P loss_rev™ ISD X RDS(ON), Tj

80

60

Iso (A)

40 -

Vg < OV (off-state):

* Modeled as “diode” with V; + channel resistance R
that is higher than Ry oy, in forward conduction

* V. increases with the negative gate voltage applied

rev_on

Pioss rev = Iso” X Reeviony * lsp X (Vern + Vs orr)

20

—EOVGSTH + Ves orFr

Ve Vet 2V Reverse bias model
0.0 2.0 4.0 6.0 8.0 10.0
Vsp (V)

How does it affect the design:
* No external anti-parallel diode required
* No Qg Loss (Qqgs loss only), perfect fit for half bridge
where hard commutation is required — Higher efficiency
and more robust without body diode
* Higher reverse conduction loss, for optimal efficiency:
* Minimize dead time and utilize synchronous drive
* Prefer OV for turn-off
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Reduce Losses using Dead time & Synchronous driving G@ Systems

Driving current IF

e Synchronous driving with minimum dead time
is recommended for optimum efficiency

%ﬁ
.

ON
| High-side IGBT
QFF

* Dead time can be selected by considering the

worst case gate driver propagation delay
ON

skewing + turn-off delay time + fall time Low-side IGBT
) OFF
* For 650V GS66508T/P: typical 50-100ns I
y-wheel current IR
* FOI’ 1OOV GSG].OOSP: typlcal 15'20“5 Driving current IF
ON N
High-side
25ns Delay difference for Si8261 Isolated gate driver - | \ GeNemode
Y N
Propagation Delay Difference® | PDD torimax = teLHMN - — Il 25 |ns § §
NI
N
Total switching time 26ns for GS66508T (R;=10Q, T,=125°C) o ] \ [ e
GS66508T  T=125°C OFF /R _‘\\
Parameters Symbol |Value |Unit |Conditions Fly-wheel current IR ] Il—' —
Turn-on delay time tyon) | 4.5 | ns |Vpp=400V, V=6V, Diodelike —i# St it pisgelike
. . reverse conduction ] ™ : reverse conduction
Rise time t, 6.3 | ns [Ip=16A, Rg=10Q Active switch mode
Turn-off delay time taory | 93 || ns reverse conduction
Fall time t 54 || ns
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Design Considerations GQN ssems
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Optimizing Gate Resistors

Select right gate resistance

E-HEMT switching speed can be controlled by gate resistors

Rs is critical for optimum switching performance and gate
drive stability

Separate R for turn-on and off is recommended

Turn-on gate resistor Ry

Control the turn-on slew rate dv/dt
For GS66508x: Recommended to start with R;,, = 10-20Q

* Too small Rgoy: High dv/dt; drain current and Vg ringing

* Higher switching loss due to gate ringing
* Risk of miller turn-on and gate oscillation

Turn-off gate resistor Ry

Reorr SMaller than R, is recommended:

* Provide strong pull-down for robust gate drive
Typical value Rggg = 1-3Q

G@ Systems

POUT ' |-
Reorr S
NOUT | Q

For driver with separate pull-
up/down outputs

Preferred Approach
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Reorr Effects on power loss GQN ssems

Effect Of RGOFF On power IOSS GS66508P Measured EON/EOFF (VDS=400V' RGON=1OQ' RGOFF=1Q)
* Smaller Rgope reduce Eqge. o 120 T35
* Too small Rgger may create Vi undershoot and ringing :
. . . . . Eon
* Higher switching and dead time conduction loss 199
* Potential gate oscillation 3 &
« Recommended to start with 1-3Q and adjust empirically S
ui 60
Wide range of near zero E . can be easily achieved g w0
with GaN: ?
* Extreme low Qg > 2DEG channel turns off fast enough 20 | Near zero tum-O\‘”OSS'jﬂ/
— 1
-> gate no longer controls turn-off Vs dv/dt (no plateau e b = - Fort
period) 5 10 15 20 25 30
 Turn-off dv/dt solely determined by how fast load Switehing Current (3
current (Loyg) charges Cygs. GS66508P: Eoss@400V = 7ul
* Measured E; includes E,c, which is NOT part of Eq; Minimum turn-off loss when Id <15A (Rg = 1Q)

and will be dissipated at next turn-on transient.
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Reorr effects on reverse losses G@ Systems

Effect of V undershoot on dead time loss:

* Example 48-12V Sync Buck I, = 20A (GS61008P)

* LS Vg turn-off undershoot adds to the V. drop during dead time - higher dead time loss

* Optimize Rgqg to balance between E, and dead time loss > more critical for VHF application and 100V device

Vp=3.4V@20A

(@ s.00v @& 100V ]
[ value Mean Min Max Std Dev —
tise Time d 00V | (4.00ns

&R e '||5_|_|U(45/s 1 @& - so00v
(@) Fall Time ] dea Min Max Std Dey | W»¥—6.840000ns) |10k points ||
Clipping positive
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Eon and Eoff vs Current vs Gate Resistance G@ Systems

GS66508P Switching Loss measurements
Switching energy loss tested on half bridge with inductive load:
1800 Vs = 400V, Vgs = 6V, Rgion) = 10Q, Lp = 10nH’, L = 40uH, Gate driver IXDN609SI.
—&—EON 25°C
160.0 === EON 125°C
= = - EOFF 25°C RG(OFF}=100 TJ =25°C TJ =125°C
=== EOFF 125°C RG(OFF)=100
140.0 =« - EOFF 25°C RG(OFF)=1Q E 25°C E 25°C E 125°C E 125°C
= === EOFF 125°C RG(OFF)=102 I (A) E 25°C OFF oFF E 1250C oFF ol
. (0FF) b ON Reorn=10Q[ Rgor=1Q [ N Reor=10Q[ Rgorr=1Q
% 5 27.8 7.1 7.0 30.0 7.2 7.1
i 1000 10 36.7 12.7 7.3 42.1 8.7 8.7
% 15 47.5 215 7.5 57.6 9.7 9.3
o 0o 20 68.0 37.5 8.3 84.7 14.7 10.0
25 92.7 48.8 14.2 117.2 21.6 13.6
60.0
30 114.8 66.4 23.2 163.0 28.3 19.0
20.0 * - Parasitic loop inductance
Notes:
20,0 __,_-—-ﬂ' _________ '*_*":_‘__._«_—_‘,'_? * Measured E, includes the energy that charges the output capacitance (E o), which
!"“:;;;;;‘g_;;;=::::::é=-:-§;':‘;;;-:;:;—::==' ---- — will be dissipated during turn-on at next switching cycle for hard switching application.
0.0 * For resonant soft-switching topology, Energy stored in C is recycled and should not
5 10 15 20 25 30 be included in switching loss calculation. The actual E,g; can be calculated by:
Test Current I (A) Eorr = Eore measured = % *Co{er)*VDSAZ
Where Cy ) is energy related capacitance @V,;=400V and can be found on datasheet
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Preventing Miller turn-on GQN ssems

Miller turn-on —how to prevent it

1) Design for low pull-down impedance on the gate:
* Select driver with low source R,

* Optimize Ry in half bridge

e Use small Rgq; for turn-off Vbs

* Reduce gate loop inductance Lg

2) Adding external Cg,? - P

* Provides additional miller current shunt path ; Q1

e Be careful when adding C to the gate: | GS66508T
* Slow down switching; increases gate drive loss S
* Potential gate oscillation combined with parasitic

inductance - Ext. C.¢ provides low Z path for
high-frequency gate current ringing
2) Negative gate voltage? Miller current path
* Increase noise immunity against miller turn-on
* Typical -2 to -3V is recommended
* Reduce turn-off loss
* Higher reverse conduction loss -> design trade-off

GaN Systems —13



Using Clamping Diode G@ S

Clamping Diode
For gate driver with single output, a clamping diode is recommended
* High dV/dt at the Drain induces Miller Current flow (Source-to-Gate)
*  Rg off does not help with high dV/dt (i.e., blocked by series Diode)
« Negative voltage spike increases with higher Rs on
+  Use a fast schottky diode or zener between G and S:

* Be careful with gate ringing induced by zener diode

Vbs | Gate Driver (OFF)

Gate Driver (OFF)

CGD
,:”:;"

1/ 2.50Gs/s
[ 100k poir

Miller Current flow, —dV/dt (No Diode) With Clamping Diode
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High side driver considerations GQN ssems

High side gate drive |
* GaN enables fast switching dv/dt >100kV/us: : Ve /
* Minimize Coupling capacitance C,, o : — —ov
* CM current via Cg limits CMTI
* Full Isolated gate drive:
* Best performance 6V Gate D
* Isolation power supply — Minimize inter- Drive
winding Capacitance Isolr%ltor
* Bootstrap:

| ;
* Lower cost, simpler design C—I]—J' i ®

* Post-regulation or voltage clamping is oV |

lem
required after bootstrap : OVGDH
| High side floating ground Vcw

lem

I

A=

G_ON G

Gate Driver | Rg orr

Note:

Watch for bootstrap HV diode power loss limit and recovery time for High-Frequency operation. Choose the HV
diode with low C, and fast recovery time. For switching frequency application > 500k-800kHz, isolated gate drive
is recommended
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Bootstrap Design GQN ssems

Bootstrap circuit design

Bootstrap with post-regulation  Using Zener for clamping Bootstrap Design Example

VDRVH +6V VDRVH

Dss 9-12V
LDO +6V D1 R1 VDRV
6.2V IN ouT 6V Gate Drive
ceoot o zener 600V 1A !
l l l l Cc1 Cc2 LP2985 C3

1uF 1uF 2.2uF
OVGDH OVGDH ov GND
OVGDH

,-------~ oV

T : OVGDH OVGDH

VBUS+

1

1

I | CBOO

! l | :
|
\OVGDH ' VDRV 1uF

~c = Re_on < 0603
PWM_H Isola #or — Gate Driver | Rg ore lW
A S
Il
D

|
‘ ! Rcon
| P
\

10-20R 0603 Q1
Voo G } GS66508/16T
.

OUTP

OUTN
From isolator / Gip RZS%FGFOS n}
level shift output

<

VOouT

Bootstrap voltage not tightly P __5 / ~
regulated: biased by V¢, +

Vg hoise Gate Driver

LM5114

ALT P/N

ucc27511/ OVGDH —- m
MAX5048

GND
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Preventing Oscillations
Gate drive stability — parasitic oscillation

What causes the gate oscillation?

CGD

Common Source Inductance (CSI) L. Feedback path from power loop

to gate loop (di/dt) Rorv
Capacitive coupling via miller capacitor C¢p, (dv/dt)

Uncontrolled oscillation if feedback phase shift is -180deg

o

L Ro oli

G@ Systems

I
n U\P di/dt

L.s and power loop Inductance should be minimized

How to prevent parasitic oscillation Optional

Ferrite bead

Reduce L L and minimize external Cgp
Slow down turn-on to reduce dv/dt and gate ringing

\_
Reduce additional Cg -> high frequency path for gate current ringing —
Add small ferrite bead in series with R if oscillation observed: pddea
 Damp high frequency current ringing Cas -[

* Use a small SMD ferrite bead (Z=10-20) o

GaN Systems —17



Preventing Oscillations — half bridge GQN ssems

Parasitic oscillation in half bridge

Use double pulse tester as example: Q1 is synchronous and Q2 is active control device

Q2 gate affects the Q1 gate stability with the presence of parasitic inductances

Q2 switching noise couples to Q1 gate loop by parasitic inductance Ls1 (L*di/dt)

Q1 Gate is OFF when Q2 is switched: Potential uncontrolled oscillation on half bridge if Q1 gate high
frequency current ringing is not damped properly (Too low Z in turn-off drive path)

Adding drive pull-down impedance Z,;; (Increasing Rg and/or inserting a small ferrite bead)
damps the gate current ringing and improves the half bridge switching stability

Ld1l
Ld1 d

Ves_ o1 | VGS Q1L lo1
Q1
W\N\L Q1 \ Ql
Reorr
Reorr Ls1 I’\]V FB1 LsT I-\[\/
Vsw Vsw
Ld2 lg2 |Q2
RG Q RG
O— M= <2 O—A-=Q2
| | TVGS Ls2 ﬂ"\/ ‘ ‘ TVGS Ls2 [\’\1
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Ferrite bead can prevent oscillations GQN ssems

Parasitic oscillation in half bridge

GS66504B 400V/10A Turn-off gate oscillation No oscillation observed at 400V/10A switching
Q1: Rgorr=3.30; Q2: Re=150 /3.3Q Q1 Rgop=3.3Q + Ferrite bead; Q2: R;=15Q /3.30Q

lek Run

Ve

e

No oscillation at
400V/10A turn-off

Ml Py

400V
W A

(@ 2.00V & 100V

424 V 402 380 424 31.1

- T .
. j R
| . B
H | | i I
T e = I
| ! 'q ST G 1 .'\n- P - o R, r"".-.-."i‘--m T i [T S
B e L " 2 :
| Value Mean Min Max Std Dev
) M
|
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Driver Selection GQN ssems
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Gate Driver selection GQN ssems

Select right gate driver for GaN E-HEMT

Non-isolated single gate driver:

Minimum requirement: Preferred:

* Must operate at 5-6.5V gate drive * Separate pull-up/down drive output pins

* Low pull-down output impedance: Rq, <2Q * =£1Q pull-down impedance

* 2Aor higher peak drive current for robust turn-off * Propagation delay < 20ns

* Low inductance SMT package * Integrated LDO for regulated 5-6V gate drive

* High frequency capability (>1MHz)
Isolator / Isolated gate driver

CMTI rating:
* GaN switches fast: 50-100kV/us dv/dt at switching node is common
* High CMTI is required for 650V: 50kV/us is typical, 100-200kV/us preferred.
High F,, and minimum dead time:
* Good delay matching between high and low sides:
* 650V application w/ isolated driver: 50-100ns, < 50ns preferred
e 100V application w/o isolated: <20ns preferred.
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Recommended gate drivers - 650V GaN E-HEMT

G@ Systems

GaN Systems 650V E-HEMTs can be driven by many standard gate drivers

Non-isolated low side single gate drivers:

e Recommend LM5114/UCC27511/MAX5048C:
* Separate source/sink outputs
* Footprint compatible
* Low T,,4and low pull-down resistance

e Other lab tested compatible gate drivers:
 FAN3122
* FAN3224/FAN3225 (dual)
« MCP1407/TC4422/1XDN609SI/LTC4441

Integrated isolated gate drivers

half bridge gate drivers (footprint compatible):

* SilLab Si8273/4 (Use 4V UVLO for 6V drive,
Recommended for high CMTI rating 200kV/us)

* Silab Si8233AD (UVLO= 6V for 6.5V gate drive)

* Analog device ADuM4223A (UVLO =4.1V)

Isolated single gate driver:

*  Recommended: SiLab Si8271 (4V UVLO for 6V
drive, 200kV/us CMTI rating)

* Silab Si8261BAC (6.3V UVLO for 6.5V gate drive)

Isolators (use with low side gate drivers):

* SilLab Si8610: Recommended for High CMTI (lab tested 150V/ns) and low Tprod, requires 5V VCC

* New SilLab Si862xxT features >100kV/us CMTI rating

* Avago High CMR opto-coupler ACPL-W483: No 5V needed / Longer propagation delay and lower
CMTI rating / 5kVrms reinforced insulation: for industrial application inverter, 3ph motor drive
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SiLabs Si827x Series for 650V GaN E-HEMT

G@ Systems

New Silicon Labs Si827x series isolated gate driver offers high
CMTI dv/dt rating and low UVLO for GaN E-HEMTs:

* 4V UVLO for 5-6V optimum gate drive

* Separate Source/sink drive outputs (Si8271)

* 4A peak current

* High dv/dt immunity: 200kV/us CMTI, 400kV/us latch-up

Recommended P/N for GaN E-HEMT (4V UVLO):
* Si8271BG-IS: Single, split drive outputs

» Si8273GB-IS1/IM: High Side / Low Side

» Si8274GB1-1S1/IM: PWM with DT Ad;.

* Si8275GB-IS1/IM: Dual

VIE —E VoD
VDDIE § [ vo
o —c— ot

< ] vo
EN E_b_
Nolg—l L—%] anpa
’ Sig271
leE—D—

v HILE

..—lj%

Si8273
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Recommended gate drivers - 100V GaN E-HEMT G@ Systems

Gate driver for 100V Application:

Single/dual gate driver:

* Recommend: LM5114/FAN3122/FAN3225

* Any standard MOSFET driver that supports 5-6V gate drive
* Secondary Synchronous Rectification

Half bridge gate driver:

* For 48V Sync Buck, motor drive / inverter

* Noisolation required

* Dead time loss is critical: Minimize dead time

« TILM5113 (5V VCC, recommended for good propagation delay matching)
* Linear Tech LTC4444-5 (Synchronous MOSFET driver, 5-6V VCC)

Compatible Controllers:
e LTC3890/LTC3891 (60V Synchronous step-down controller, dual/single phase)
*  TPS40490 (5-60V Synchronous PWM Buck Controller)
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Design Examples GQN ssems

= Basics

= Design considerations

= Driver selection

= Design examples

= PCB Layout

= Switching Testing results

GaN Systems —25



650V Gate Drive Design Example 1 GQN ssems
650V Half bridge fully isolated gate driver design reference (LM5114 + Si8610)

VEL_+5v VISO_+5V
J ps1 u2 T
1 7 VDDISQ RAW 1 5
HVIN | +vouT = 3 = VIN vouT
MEJ15¢5095C €3 c4 R3 LD298GABMSOTR 6
5 .1uF OuF 2Koo 3 4 2.2uF 16V
| -VIN | -vouT 0805 < RO8OS INHIBS  N/C —X :
C5 [G)
—1uF
|
N oVISO_L
0V DGND 0VISO_L <7
VISO +6V
uz  OVIso.L _
1 5
N ouT
3 |LP2o85IMS-6.1 | 4 o
c7 | ON/OFF 2 BYP 2.2uF 16V
=|:1uF cs
onF
N I i
VCC_+5V
C_ VISO_+5V .
c1e T c12 A
f—1 VISO_+6V 0VISO_L ——<___| DRAIN
0.1uF 1 u4 e 0.1uF -
(1 [
0V_DGND RS 100R 5 VDD1 VDD2 B, OVISO_L L VISO_L
PWM [ >——AMWN———"1 1IN NC —X 1uF
N . RA1OR u 1
VDD1/NC OUT AN N VDD |7 R110R FB1 Q
4 5 5 POUT [3 Wy Wy M GS66508T
GND1|{ GND2 | INB NOUT R2 2R oR X
SI8616BC-B-IS vss OPTIONAL 3
N LM5114
AV ovISO_L
0V_DGND oVISO_L |
N4
HV ISOLATION S

L <] SOURCE

NOTE - UNLESS OTHWISE SPECIFIED
1 - ALL SMD CAPACITORS AND RESISTORS ARE 0603 SIZE
2 - SMD CAPACITORS ARE 25V RATED 10%
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650V Gate Drive Desigh Example 2
650V Half bridge gate driver design using Si8273GB (footprint compatible with ADuM4223)

Ve +ov R1 PLACE U2 PIN.5 CLOSE TO C5 VGDH_+6V
1R a
J D1 RO0805 u2 s
J_ H‘ AN J_ IN ouT
LP2985IM5-6.1 | 4
v | ON/OFF 2 BYP
(G
1uF 25V 1UF 25V S 18 1
1enF
ov
OV_GDH < S BYP CAP FOR VDDA. PLACE C5 CLOSE TO U1#16
VCC +5V OV_GDH 0V_GDH C5
+—
2.20F 25V <
€17 u1 0V_GDH
o 3 oot vooa 22 -
4 15 R% g0 FBl Q
| GNDI ~ VOA GS66508T
PHMH | R'lvlv%,aeR Llvia oo 2 \—'Vv\z—_ﬁJRs e pz1 , 15R@106MHz""
R12 100R
PWML | > Wy 2 VIB “E% —}32% SOD323-AC .
5
EN | 21 DISABLE 11 BYP CAP FOR VDDB. PLACE C16 CLOSE TO Ul#il
*——pT VDDB I}
7 9 C16 0V_GDH+
X——INC1  GNDB
. 1 2.20F 25V 0 1eR FBZ ~ 2
Ve 45V f————=1\pDI_2 VOB 77|, GseesesT
R7 1R 15R@100MHZ
SI8273GB / ADUMA4223
S omb23-AC
VCC_+9V
U3 %5 VGDL_+6V
1 5 ov
L IN out i)
LP2985IM5-6.1 | 4
- | ON/OFF 2 BYP —_l_
1uF 25V c19
~ 10nF
< NOTES - UNLESS OTHERWISE SPECIFIED
ov \ov N

PLACE

ov
U3 PIN.5 CLOSE TO Cl6

1 - SMD CAPACITORS AND RESISTORS ARE 0603 SIZE

G@ Systems

VDC+

VSW

Ivbc-
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650V Gate Drive Design Example 3 GQN ssems

650V Half bridge gate driver design (Si8271GB-IS w/ Isolated DC/DC)

+3V
e vl VDDH_6V
2L o 2 ——a2VIS0 ¢ N ouT K T
C1
e R1 LP2985IM5-6.1
_?:'gggs | PESGTEIM 2.2K 1C2 ON/OFF £ BYP —X €3
GND 2 ov RO805T4.7uF 5 2.2UF
C0805
N ook N GND_GD
oV
N ——<_ | DRAIN
VDDH_6V GND_GD
U3 -
C5
PWMIN[ > 21, voo F—L—Ti I[>GND7(3D L
1
i 2 7 1uF R2 FB1 2 Q
o j—C Voo vor Wy Wy >4|e GS66508T/16T
To 1uF 3 6 10R R %
EGNDI Vo 5 | R3 R4 3
o
AV EN GNDA b 4.7K
oV SI8271GB4S
-
BN "4
GND_GD < | SOURCE
ISOLATION
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650V Gate Drive Design Example 4 GQN ssems

650V Half bridge power stage design based on Si8261BAC (GS66508T Eval Board)

c1
+6.5V 1uF
High Side
Gate Driver Floating Ground
TT
N/C1 N VDD o1
[ Pumin ) W oot 11 oy GS66508T
0603 11
CATH ' Vo2
! 11
N/C2 I GND
SI8261BAC
ov 0VGD VGD
Low Vf Schottky
Diode or zener
diode

FB1: 150hm@100MHz

D1: PMEG2010

D2: 6.8V 200mW Zener diode SOD323
(MMSZ5235BS-7-F)

,,,,

Full schematics and Gerber files can be found at: TE ﬂfsw , N
http://www.gansystems.com/gs66508t-evbhb.php = o :‘: S . B o < -
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100V Gate Drive Example

Recommended Gate resistor:
R1/R3 =4.7 -10Q
R2/R4 =2Q)

RS 16eR
WAy

RO663

R6 16eR
A

RO663

HB
HOH
HOL

HS
VDD
LOH
LOL
VSS

BT}UF 25V

LM5113-based half bridge power stage (GS61008P), VDRV=+5V
For half bridge-based application: Sync. Buck, motor drive/inverter

R1 4R7
RO60O3 2
Ay

Coee6e3

G@ Systems

Minimize this loop

R2 @R 3
A
RO603

| VCC_+5V  R3 4R7

ROGO3
AR 2
3

c2

L 1uF 25V

:_|' C0603

L 1uF 18V X7R
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Gate drive with negative gate bias G@ Systems

* For higher power and paralleled design, a small negative gate bias can be used to ensure

safe turn-off
* Use a zener to create negative gate drive rail: +6/-3V

+5V Isolated DC/DC
, £ s +9V Isolated VBD_+6
I VIN +VO a - 2
A | PESLgSSOM | R1 D1 l c6
SU800 GND2!  ov 22K Lc2 ZENER 6.2%~ 4.7
R0805 T4.7uF
N ok C0805
ov R7 l c7 N
1K
T4'7“ GD_GND
VEE_-3V
< DRAIN
o1 VDD_+6V
cs
PWM_IN 11 VDD 8—T—{|—‘><;ND;;D 1 1
2 7 1uF R2 R8 2 @ RO o Q2
| Py
+5\ T VDDI VO+ 4% MWV >d|e|:| GS66516T GS66516T
c4 3 6 10R 2R X 2R X
AUF L GNDI vo- A .
4 5 . SN
EN GNDA 1'L|u= l/GND,GD §R4
SI8271GB4S 4.7K
< |SOURCE
oV VEE_-3V
EN P —
GD_GND
ISOLATION
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PCB LayOUt G@ Systems

= Basics

= Design considerations

= Driver selection

= Design examples

= PCB Layout

= Switching Testing results
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Impact of PCB Layout Parasitics G@ Systems

. . . L L .Power L In nce:
Cpe: drain-to-gate coupling capacitance .DRA""/ SOURCE ; P OWEr LOOP ductance
e Capacitive noise coupling Lorain Drain voltage overshoot

*  Avoid overlapping between drain and \ —————— — Y V3<o___ < *  Turn-on/off drain voltage/current

|
i | ringing
ted track
gate drive copper pour/trac c J_ *  Minimize power loop length and
DG

place decoupling Cap close to
power device

Power Loop

I\G ate Loeate
C V

L.s: Common source Inductance:
Gate ringing / oscillation

* Slow down switching

*  Critical for gate drive stability

* Use kelvin connection to source

Gate Drive Loop

-

o,

Lgare: Gate loop inductance

* Gate signal over/undershoot

* Miller turn-on

* Place driver close to GaN FET to minimize gate loop
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Layout best practice checklist G@ Systems

1. Reduce common source inductance
* Reference gate return ground to the source pad using Kelvin connection. For GS6xxx8P and
GS66508B package use “SS” pin.
* Increase R; or use ferrite bead on gate if gate oscillation is observed
2. Optimize gate drive loop:
* Place driver close to GaN FET
*  Minimize the gate drive loop area and length
3. Optimize power loop inductance:
* Use tight layout to minimize power loop length
* Place decoupling capacitors as close as possible.
4. Design for high dv/dt
* Minimize noise coupling due to PCB parasitic capacitance
*  Minimize overlapping between drain side power connection and gate drive signal track.
5. Optimize thermal performance (B&P type package):
* Design for low thermal resistance using thermal vias and Cu. Pours
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GaNpx™ Optimized for Switching, Thermals, & PCB Layout ~ GQN sysems

No Wire Bonds: ultra-low Inductance and

much higher Manufacturing Reliability el Trops Gop et

Thick RDL & top Copper: extremely low Ry
180°C T material
w/ multiple Via’s

Embedded Package using high-T. material
Overall design achieves optimized Thermals ’
7 ' ' with thick RDL

_ - 0.5°C/W (650V, 30A)

Copper Pillars, *Other GaNPX™ are Pad-on-Top,
or Pads on both Top & Bottom, for

SS (Source Sense) for differential Vg no Wire Bonds;
Z-Axis Height 0.54mm 500pH Lepe & Logy Modules or Heat Sinking

- minimizes Gate ringing at higher Fy,,
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B & P Type GaNpx PCB Layout GQN ssems

Bottom side GaNpx™ “P” & “B” Packages

A ﬁj s
i] TPAD H H {J TPAD
G : G i G : G i
* B package: create kelvin source on PCB — =— a0 = {7Pa0 S 4

SS S SS ;Sl SS ;Sl SS ;Sl

* P package: use SS pin

To Source To Drain To Ground Floating
* Thermal pad connect to Source v % % X
* Use thermal vias for PCB cooling Correct Incorrect
For P package:
GS66508P Always connect thermal pad to Source for optimum performance
GS66502/04B

|
FTTTTTT T . : Thermal Pad | ”(‘1)'23;:;";'
| | |
i Gate i : Source \ | @F
! ' : ! 3 E
| sg&

$0 64
(25mil)

Main current flow Thermal Via Pattern

Gate Return

Source Sense
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GS66508P Half Bridge Layout Examples

Half bridge Layout Examples 1
GS66508P Half bridge — (Si8261)

Component Side Bottom Side

Decoupling Capautors\\ V,-(GND)

G@ Systems

Solder Mask pulled-back:
* Improves thermal performance
*  Allows Heat Sink attachment

Spacing for HV isolation
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GS66508P Evaluation Board Layout Example GQN ssems

Half bridge Layout Examples 2
GS66508P Half bridge daughter board (isolated gate drive)

g : e

Isolation
' LM5114 ~_

GDGNDL GDGNDH= - -

LS gate drive. ¥::: b

For LS drain current

TN VOUT 33 VDCIN
sensing (shorted) vbe RF\!' '__p (N

Top (component) layer Internal Layer 1
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GS66508P Half Bridge Daughter Board Layout Example GQN ssems

Half bridge Layout Examples 2
GS66508P Half bridge daughter board

Internal layer 2 Bottom layer
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GaNPx T-Type: Additional Optimization for Power Density G@ Systems

Substrate Pad on
Top vs. Bottom

“T” type GaNpx™

Substrate tied to
Source: Major
Pkg reduction

No Micro Via’s: ‘ ,~Thermal pad
Lower Cost 240 I}

Flip Chip: Low D (pin 1)
Inductance, low

Ron Cu Pillars

. G (pin2)
Drain, Gate, G(pm)::l—u
Source on Bot H'l
(GaNpx™ SMD) S (pin 3)

GaNpx™ “T” designed for higher-power Applications with Top-Side Heat-Sinking and lower ® ,

GaN Systems —40



GaNex T type PCB Layout G@ ystems

Top side cooled GaNpx™ “T” series packages

* low inductance package design with excellent thermal performance
* Dual gate (symmetric, internally connected) for easier layout
* Use the gate on driver side and keep the other floating, or

* Connect both gates for lower L__.. if layout allows

gate

Dual Gate Pins N P # [Decoupling
R33 U'ﬂ
: sCapacitors

Via’s to gate drive
outputs on the

Decoupling Capacitors opposite side

- ! i GaN E-HEMTs
"
. Bottom side
Heat Sin

Thermal pad (internally connected to Source)
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GS61008P 100V Half Bridge Layout Example

100V GS61008P Half bridge Layout
TI LM5133 half bridge gate driver

L Qr GG6N

" ?-' .‘“.ﬂ.:s b=
UL | (R 66561008?

| (E®S 58S

L|\/|5113 - Foe :
- G@ e
J:;::i (,é;' ;}T"Gsmooap

a.'"" (2 s

G@ Systems

@Lees 58S ..

Bottom Layer
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Paralleling GQN ssems

Optimum Gate drive layout for Paralleling
* GaNPx is easy to parallel thanks to its low package inductance

* Star connection and equal gate length if possible (minimize current imbalance caused by L)

* Insert small distributed R;, on each gate to minimize the gate current circulation and ringing
among all paralleled devices.

* Minimize Kelvin source connection inductance L, and equal gate return length if possible

* If needed, a small negative gate drive (+6/-3V) can be used to improve gate drive robustness
D D D

— p—

Lp Lo Lo
Rg2
Rg1 Rg2 Lo Gate o1 92 Lg o1 Rg2 Lg o
‘ > II_ Gate ‘
| Ves i
o

=i s Ls1

Lks KS
Mg

=

AT UL
r
P
w
7:
w

LSZ L52

0—
w

i
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Effect of series Rg on each gate in paralleling operation G@ Systems

. .. Scenario #1: Centralized R1=2Q, R2=R3=R4=0  Scenario #2: Series Rg: R1=0. R2=R3=R4=3Q
Centralized vs distributed Rg:

1EA IR1) 1[R2) I[R3] 1[R4) 154 IR1) I[Fl2] I[R3] 1[R4)
o _ _ saiGate. current...i..... I T r2n] _._,‘ OISR FNOOR SR —
» Ltspice simulation shows that using 2.4 ‘ ; | -T-Qt-a'--gatﬁ---- U_gﬁ_l 2R

series Rg on each device significantly on] ‘ I NZE S 0.64
reduces gate ringing and improve 0.64- S 0347
. i - 0OA ‘ ; ‘ 0.0A-
switching stability ool T VAR s 0.3
A28 | ] -0.64+
«  Gate ringing/oscillation is caused by 18] e . o
high-frequency current ringing among 3.0 ‘ : : : 54 ‘ - ‘
. . 15V V[s1] V(s2] Vs3] 2.0V ¥is1] V(s2] V[s3]
gates triggered by imbalanced current o : : - ; :
across Lcs. av
BV
. . . 3V
* R1 current show no ringing in both cases v
@ Drain :zz:
| V(DRAIN) - v
& 2 2 i A2y
I(L1)i 1nH |(|_2)lv 1nH ::z_ ‘ : ‘ :
; . V[drain]: I[L1]: I:[LZ] : 11L3) 284
R1 R2 1nH 1.2nH agov--J U | 630V ; ; - 244
O ——-AMA— ] Q1 r A Q1 207 | esov | 204
7 Ves —/ 360V 490V - 164
T L Ty i A [ sonv] o 124
IE 7 240V 280V 14
L 31nH 1nH 180V Fa10v oA
I s I s 120v 140V -4
6OV~ 7OV -BA
0V . ' : ' A ; ] i " 124
S Source 5OV ‘ ; ‘ ; 7oV ‘ ; ‘ i 164

T 1 T I T 1 T |
1.992p 2.004ps 2.016)s 2.028)1s 2.040ps 2.052 1.992)is 2.008s 2.024)s 2.040ps 2.056)s 2.072)1s



Paralleling for T package GQN ssems

T type package is designed for easy paralleling

* Symmetric gate design allows short and equal gate length

e Easy dual side placement with optimum layout

* Use individual gate resistors and star connection for gate drive

An example showing symmetric gate design with GaNPx T

Device paralleling with dual side device
placement and cooling

=0

GATE

| Gate returnlc
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Gate drive example for paralleling

Gate drive design for paralleling GS66516T
Use a small distributed R on each gate

+6/-3V gate drive

G@ Systems

+5V
PS1 VDD_+6V
2 5 Y Y Y
= VIN +VO
AU | PESLSSSOM | R1 D1 c6
C0805 GND g ov 2ok o ZENER 6.2 4.7u
R0805 T4.7uF
N ook C0805 !
ov R7 |7 N
1K 4.7u
T GD_GND
VEE_-3V
< DRAIN
o1 v_Dl_Djev
1 8 C5 1 1
PWM_IN > Vi VDD ND_GD
_ 2 7 1uF R2 RS 2 Q1 R9 2 Q2
+5V] l VDDI VO+ WV WV |$|:| GS66516T GS66516T
c4 3 6 10R 2R > 2R
0.1uF GNDI VO- 4 ls s
4 5 (01:]
EN GNDA l—| DGND_GD 3o,
SI8271GBAS LuF 4.7K ~SOURCE
oV VEE_-3V .:7
EN [ >— GD_GND
GD_GND

ISOLATION
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Switching Test Results GQN ssems

= Basics

= Design considerations

= Driver selection

= Design examples

= PCB Layout

= Switching Testing results
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Switching Tests - Double Pulse Test Waveforms G@ Systems

Double pulse Switching Test

* Gate Drive design:
* GS66508T in half bridge
* Si8610 plus LM5114
* Isolated Gate Drive supply
*  Rgy=10Q /Ry = 2O
* Tested at 400V, 35A Hard-Switching

HS Gate
Driver

& s.00v )
LS Gate Value Mean Std Dev | - -
Driver & Max 7.80V  7.80 7.80 7.80 [2-001-!5 J [2-5065/5 J & 5 310 VJ

n+¥7.98040us 100k points

[ 2 BUEN 428 V 428 428 428
@& Fall Time 4.471ns  4.471n  4.471n  4.471n

@ Rise Time  4.466ns 4.466n 4.466n 4.466n 2 May 2015
18:03:55
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Turn-off and Turn-on waveforms GQN ssems

Low inductance GaNPx T package achieves minimum V overshoot and V ringing (No kelvin
source)

& 100V : i . & 100V

Value Min Max | Value Meah Min Max
7.40V 7.40 7.40 . 7.60V 7.60 7.60 7.60
408 v 408 408 . & Max 428 v 428 428 428

@& Fall Time 7.360ns 7.360n 7.360n 7.360n . @) rall Time ————.5 Mo valid edge
@& Rise Time ———5 No valid edge @ Rise Time 4.607ns 4.607n  4.607n  4.607n
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Gate drive waveforms GQN ssems
ekEre_Vu ] I "

" A
~ 400V/0-30A inductive puls

Gate Drive Switching Waveforms

Inductive load pulse testing to verify gate
driver stability over the current range
Si8261BAC Gate driver (EVAL BOARD)
Ron=25Q / Roee=0Q

Use Ferrite bead 15R@100MHz

No oscillation and minimum drain voltage
overshoot

HS Gate
Driver

LS Gate
Driver

(@ 2.00V ® 100V )
Value Mean std Dev [2-00}15 ][500[\“3{5 ] o392 V]
@ Rise Time  8.539ns  £.520n 0.000 »~8.012000us J110k points

& rall Time 15.98ns  15.98n 0.000

&) Max 418 v 418 0.00 28 Nov 2015
05:49:46
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Clean waveforms — controlled Miller voltage

G@ Systems

Clean turn-on and off switching waveforms with well controlled gate ringing and miller voltage

ZO_Om F_ElCt_OI'_Z 5_0 X i

— Zoom Position: 12.1us T

i ZO_Om F_ElCt_OI'_Z 5_0}_{ i

~_20om Position: 13.8us

fm H.ard Switcéhing HSTurn-@on (

400V/25/

& 200V 100 V

Value Mean Min
8.603ns 8.603n 8.603N
No valid edge
406 406

Max
@ Rise Time 8.605n
@& rall Time

& Max

————5

406 vV 406

€ zo0v

| /ds tr=§4.5ns |

. ™ Hard Switching HS Turn-off

100 V

)R

Z 40.0ns
+v8.01200us

Std Dev
0.000

0.00

Value Mean Min
—-———5 No valid edge
4.536ns  4.536n  4.5336n  4.336n

Max
Rise Time
Fall Time

[ 2 JUED 398 V 398 398 398

Std Dev

Z 40.0ns
+v8.01200us

0.000
0.00
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Measuring Eon and Eoff

GS66508P E,\/Eorr measurement waveforms (half bridge)
e Current shunt: T&M research SDN-414-10

Trig?

-2.10

Vertical |

div VGD
(55.00KkW l:D—

Zoom Factor: 20 X
L T]

Zoom Position: 3.35us

VGS

e [ g A

Vs dip due to loop
inductance AV=L,x di/dt |

& 100V

(@D s.00V
|

Value Mean Min

320V 320

’ﬂ Max

Std Dev

@ s

0.00 7 20.0ns ||2,SUCS/§

1.977 % 10k points

ek Prevu
-
Ll |

G@ Systems

Trig?
Vertical

-1.58 div
5.00kw

ENIDRE =

Z00m Factor: 20 X
a

Zoom Position: 2.594s

Ves

@ 100V

Value Mean Max

i,UUV"

400V/25A Turn-on switching loss energy Eo, = 93ul

480V 480 480 480

Std Dev

0.00

2.50G5/s 3.00Vv

10k points

Z 20.0ns
w977 %

@ 7

400V/25A Turn-off switching loss energy E = 49u)

Reorr=10Q
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Tomorrow’s power today™ GQN ssems

61T @
GGER * GS61008P - - GSEERET, @
6100438 - 20,

Ga Systems

www.gansystems.com «-North America . Europe « Asia



