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SFTIFrg, -
caRRn GaNSense™ Motor Drive IC
NEUTRAL in half-bridge configuration

1. Features

ompany
GaNSense™ Motor Drive half-bridge Power IC Cn,bonwlut,a. -
* Wide Vcc range (10 to 24 V)
+ Accurate loss-less bi-directional current sensing
» 3.3,5,12 V PWM input compatible
+ Floating high-side with internal level shift
» Two independent logic inputs with hysteresis
* 200V/ns common mode transient immunity
* Integrated high-side bootstrap
» Shoot-through protection
* Turn-on and turn-off dV/dt control (low-side and high-
side)
 Short circuit protection, low-side and high-side
+ Over-temperature protection
» Autonomous low-current standby mode
» Autonomous synchronous rectification mode
+ Fault output and enable input

ICSN  ICSP PGND

QFN 8 x 10 mm

Simplified schematic

+ 800 V transient voltage rating
650 V continuous voltage rating

120 mQ high-side FET, 120 mQ low-side FET

3. Description

This half-bridge GaNFast™ power IC integrates high
performance eMode GaN FETs with integrated gate drive,

+ 2 KV ESD Rating (HBM)

* 2 MHz operation

Small, low profile SMT QFN

+ 8x10 mm footprint, 0.85 mm profile

* Minimized package inductance

» Enlarged cooling pads

Sustainability

* RoHS, Pb-free, REACH-compliant

» Up to 40% energy savings vs Si solutions
+ System level 4kg CO2 Carbon Footprint reduction
Product Reliability

+ 20-year limited warranty

control and protection to achieve unprecedented high-
frequency and high efficiency operation. GaNSense™ motor
drive technology is also integrated which enables real-time,
accurate sensing of voltage, current and temperature to further
improve performance and robustness not achieved by any
discrete GaN or discrete silicon device. GaNSense™ motor
drive enables integrated loss-less current sensing which
eliminates external current sensing resistors and increases
system efficiency. GaNSense™ motor drive also enables short
circuit and over-temperature protection to increase system
robustness, while auto-standby mode increases light, tiny & no-
load efficiency. These GaN ICs combine the highest dV/dt
immunity, high-speed integrated drive and thermally optimized,
low-inductance, QFN packaging to enable designers to
achieve simple, quick, and reliable solutions. Navitas’ GaN IC
technology extends the capabilities of traditional topologies
such as active clamp flyback, half-bridge, buck/boost, LLC and
other resonant converters to reach MHz+ frequencies with very
high efficiencies and low EMI to achieve unprecedented power
densities at a very attractive cost structure.

2. Topologies / Applications

« AC-DC, DC-DC
» ACF, buck, boost, half bridge, full bridge, LLC, AHB,
Class D, PFC, Motor Drive

4. Typical Application Circuits
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5. Device Configuration Options

Target Application(s) Device Name Auto-SR
-Uni-directional or bi-directional current sense
. . - X
-Power supply or Motor drive, SR disabled NV6288-01
-Motor drive, SR enabled, Standby mode NV6288-02 v
disabled
-Motor drive, SR enabled, Standby mode NV6288-03 v
disabled, External current sense
-Uni-directional current sense, no low current
offset NV6288-04 X
-Power supply or Motor drive, SR disabled

Table 1. Device Configuration Options

Final Datasheet 2 Rev Apr. 29, 2025
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7. Specifications

7.1. Absolute Maximum Ratings @ (with respect to PGND unless noted)

SYMBOL PARAMETER MAX UNITS
Vin HV input 0 to +650 Y,
Vsw(conm Switch Node Continuous Voltage Rating -7 to +657 \Y
Vswrran) @ Switch Node Transient Voltage Rating -10 to +800 \%
IbsL @ Tc=100°C Continuous Output Current (Low-side FET) 8.6 A
Ibs. PULSE@ Tc=25°C Pulsed Output Current (Low-side FET) 17.2 A
Ipsh @ Tc=100°C Continuous Output Current (High-side FET) 8.6 A
Ibsn PULSE@ Tc=25°C Pulsed Output Current (High-side FET) 17.2 A
Vg (to Vsw) High-side Gate Driver Bootstrap Rail 30 Y,
Ropn (to Vsw) Hi-Side Turn-On dV/dt Setting Pin -0.3t0 Vg Y,
Rssn (to Vsw) Hi-Side Turn-Off dV/dt Setting Pin -0.3t05.3 \%
cc Supply Voltage 30 Vv
Roo. Low-Side Turn-On DV/DT Setting Pin -0.3to Vee \%
RssL Low-Side Turn-Off DV/DT Setting Pin -0.3t05.3 Y,
VFLT/EN FLT/EN Pin Voltage -0.3t0 Ve \Y
IFLT/EN FLT/EN Pull-Up Current 5m A
Vo Vi PWM Input Pin Voltages -0.6 t0 +20 or Vcc \Y
Vs CS Pin Voltage -0.3t05.3 \%
ICSP External Current Sense Positive Input Voltage -0.3t05.3 \%
ICSN External Current Sense Negative Input Voltage -0.3t05.3 \%

dv/dt @ Slew Rate +200 Vins

T, Junction Temperature -55to 150 °C
Teror Storage Temperature -55to 150 °C

(1) Absolute maximum ratings are stress ratings; devices subjected to stresses beyond these ratings may cause permanent damage.

(2) Vos (rrany rating allows for surge ratings during non-repetitive events that are <100us (for example start-up, line interruption). Vops (tran)
rating allows for repetitive events that are <300ns, with 80% derating required (for example repetitive leakage inductance spikes).

(3) Max dV/dt rating is based on stress ratings and common mode transient immunity

Final Datasheet
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7.2. Recommended Operating Conditions®

SYMBOL PARAMETER MIN TYP MAX UNITS
Vee Supply Voltage 10 15 24 \%
Vs Vi PWM Input Pin Voltage 0 5 15 or Ve \Y
VFLT/EN FLT/EN Pin Voltage 0 5 15 or Ve v
Root, Ropu Gate drive turn-on current set resistor (see 8.5) 200 Q
Rsst, Rssh Gate drive turn-off current set resistor (see 8.5) 20 50 Q
TJ Operating Junction Temperature -40 125 °C

(3) Exposure to conditions beyond maximum recommended operating conditions for extended periods of time may affect device reliability.

7.3. ESD Ratings

SYMBOL PARAMETER MAX UNITS
HBM Human Body Model (per JS-001-2014) 2,000 \%
CDM Charged Device Model (per JS-002-2014) 500 \%

7.4. Thermal Resistance

SYMBOL PARAMETER TYP UNITS
R, Junction-to-Case 1.4 oC/W
) Junction-to-Ambient 37 °C/W

(4) Romeasured on DUT mounted on 1 square inch 2 oz Cu (FR4 PCB)

Final Datasheet 5 Rev Apr. 29, 2025
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7.5. Electrical Characteristics
Typical conditions: V =400V, V.. =15V, F, =1MHz, T,
Covered part numbers: NV6288-01, NV6288-02, NV6288-03 (See Table 1)

=25°C, 1,=6A (unless otherwise specified)

SYMBOL | PARAMETER ‘ MIN | TYP | MAX | UNITS | CONDITIONS
Vcc and Vg UVLO Characteristics
Vecuv+ Vce UVLO Rising Threshold 8.66 \%
Veeuy- Vcc UVLO Falling Threshold 6.05 \%
Veuv+ Vg UVLO Rising Threshold (Vg — Vsw) 8.74 \%
VBuv- Vs UVLO Falllng Threshold (VB - sz) 6.05 \Y
Bootstrap FET Characteristics
lsoot | Bootstrap Charging Current | | 1.2 | | A | Vee=12V, V=0V, V=0V
Covered part numbers: NV6288-01 (See Table 1)
SYMBOL | PARAMETER | MIN | TYP | MAX | UNITS | CONDITIONS
Vcc and Vg Supply Characteristics
IQCC-STBY Vee Standby Current 300 HA Vine = 0V, Vsw >=Vce
locc Vcc Static Operating Current 0.83 mA Vinn=5V,Vinu =0V
Fsw= 500 KHz (INL and
locc-sw Vcc Operating Current 7.3 mA INH @ 50% Duty cycle),
VSW:OV
love-sTay Vg Standby Current 324 PA Vine = V'NL::O:\L/5’\\// sw=0V, Ve
love Vg Static Operating Current 618 HA Vin=5V, V'Nﬁ:OV’ Vaw=0V,
Vg = 15V
Standby Mode Characteristics
tro,stey Time Out Delay Entering Standby 9 us Vee > Veeurs Vin =0V
Mode
fon rp. L First Pulse Propla’\glgitlon Delay, from 58 ns Vee> Vecurs, Vint, 5V
ton £p s First Pulse Prople:\?gtlon Delay, from 55 ns Vee> Vecuws, Vi 5V
Covered part numbers: NV6288-02, NV6288-03 (See Table 1)
SYMBOL PARAMETER | MIN | TYP | MAX | UNITS | CONDITIONS
Vcc and Vg Supply Characteristics
locc-stay Ve Standby Current 300 HA Vin=0V, Vew >=Vee
locc Vcc Static Operating Current 0.83 mA Vine=5V, Vine=0V
Fsw =500 KHz (INL and
locc-sw Vcc Operating Current 7.3 mA INH @ 50% Duty cycle),
VSWZOV
Vine = Vine = 0V, Vspy=0V,
love-sTay Vg Standby Current 324 PA INH ”{;s=15V sw
. ; Vinu =5V, Vinu =0V, Vsw =
love Vg Static Operating Current 618 HA OV, Vg = 15V

Final Datasheet 6 Rev Apr. 29, 2025
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7.6. Electrical Characteristics (2, cont.)

Typical conditions: V=400V, V.. =15V, F, =1MHz, T, .=25°C, | ,=6A (unless otherwise specified)
Covered part numbers: NV6288-01, NV6288-02, NV6288-03 (See Table 1)

SYMBOL PARAMETER | MIN | TYP | MAX | UNITS | CONDITIONS
Input Logic Characteristics (INL,INH)
Input Logic High Threshold (risi
Viosion nput Logic |gdge)res old (rising 254 v
Input Logic Low Threshold (fallin
ViosicL P 9 edge) ( g 1.21 \Y
Viocic-Hys Input Logic Hysteresis 1.35 \%
Switching Characteristics
Fsw Switching Frequency 2 MHz
tpw® Pulse width 15 ns
Prop Delay (IN , from Low to High, V
t H sSw H
ONHS pulledto V) 43 ns Fig. 3
Prop Delay (IN , from High to Low, V .
t H sw 43 ns .
OFFHS tri-stated) Flg. 3
Prop Delay (IN, from Low to High, Vsw .
tones pulled to Pexp) 53 ns Fig. 4
Prop Delay (IN, from High to Low, Vsw .
torrLs tri-stated) 60 ns Fig. 4
High side turn Time for high side Vps to transition 55 Vins Rppi=200Q, Vcc=15V,
on dvdt from 90% voltage to 10% voltage IL=6A
High side turn Time for high side Vpsto transition _ _
off dvdt from 10% voltage to 90% voltage 30 Vins Rss1=200Q, IL=6A
Low side turn Time for low side Vps to transition from 55 Vins Rpp=200Q, Vcc=15V,
on dvdt 90% voltage to 10% voltage IL=6A
Low side turn Time for low side Vps to transition from _ _
off dvdt 10% voltage to 90% voltage 30 Vins Rss1=200Q, IL=6A
Over-Temperature Protection
Torp+ OTP Shutdown Threshold 165 °C
Tote_Hys OTP Restart Hysteresis 60 °C
Short Circuit Protection (SCP)
Vscps Vps(ony Short Circuit Detect Threshold 9.8 \ Vine= 5V, Vee > 12V
Short Circuit Detect Delay to Turn Off _
tscp_oLy Switch, Gate already up 120 ns Vin= 5V
Short Circuit Detect Delay to Turn Off _
tscp_sis Switch, Switching Into Short 165 ns Vin= 0V > 5V

(1) Deglitch filter provides protection below 20ns pulse widths

Final Datasheet
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7.7. Electrical Characteristics (3, cont.)

Typical conditions: V=400V, V. =15V, F. =1MHz, T

AMB

Covered part numbers: NV6288-01, NV6288-02, NV6288-04 (See Table 1)

NV6288

=25°C, 1,=6A (unless otherwise specified)

SYMBOL PARAMETER | MIN | TYP | MAX | UNITS | CONDITIONS
Internal Current Sense Characteristics (CS pin) (NV6288-01, NV6288-02)
. . Across full range of
Ves CS Pin Voltage Range Capability 0.5 3.5 \% operation
— _ Vine=5V, Ves=1.65V,
lcso CS Output Current at Isw = 0A 15 0 15 UA I<=0A, see Section 9.6.2
Minimum lps for accurate uni- INL=5V, Res from CS to
Ios_miN directioascurrent sense 70 mA controller GND only, see
Section 9.6.1
= +/-50% * = =
lesso CS Output Current at lsy = +/-50% +1188 | +1.25 | +1.3125 mA Vin=5V, Ips=%7A, across
Ipsmax temp
t CS Pin Delay (from Ips to Ics, at 10% 65 ns di/dt = 10 Alus, across
csbLy rated current) temp
t CS Pin Delay (from Ips to Ics, at 25% 35 ns di/dt = 10 Alus, across
csbLy rated current) temp
Internal Current Sense Characteristics (CS pin) (NV6288-04)
=+/-50% * = =
lesso CS Output Current at lsw = +/-50% 1188 1.5 1.3125 mA Vine=5 'V, Ips=7A, across
Ipsmax temp
t CS Pin Delay (from Ips to Ics, at 10% 65 ns difdt = l(ieﬁ]/wus, across
csbLy rated current) P
t CS Pin Delay (from Ips to Ics, at 25% 35 ns di/dt = 10 Alus, across
esbLY rated current) temp
Covered part numbers: NV6288-03 (See Table 1)
SYMBOL PARAMETER | MIN | TYP | MAX | UNITS | CONDITIONS
External Current Sense Characteristics (CS pin) (NV6288-03)
Across full range of
Vsns Full Scale Input Voltage +100 mV operation, R3=R4=3920Q
see Section 9.7
. . Across full range of
Ves CS Pin Voltage Range Capability 0.5 3.5 \% operation
Icso CS Output Current at lsy = 0A -15 0 15 UA V'NLZS\I/’ Y%SA:LGSV’
DS—
V|NL:5V, VSNS:iSOmV,
lcsso CS Output Current +1.231 | £1.25 | +£1.269 mA R3=R4=3920
. di/dt=10 Alus, across
CS Pin Delay (from Ips to Ics, at 10% .
tesoLy rated current) 70 ns temp, Rsns=12.5mQ,
across temp
. di/dt=10 Alus
CS Pin Delay (from Ips to Ics, at 25% ’
tesoLy ! rgtfed cur?gnt) cs ° 32 ns Rsns=12.5mQ, across
temp
Final Datasheet 8 Rev Apr. 29, 2025
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Covered part numbers: NV6288-02, NV6288-03 (See Table 1)

NV6288

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS
Synchronous Rectifier Mode (SREN)
SRamw Arm&g%gﬂf)?teé}f’cﬁ'?\x i"l;iéi‘;tg)SR 11 v See Section 9.9
SRon VDS Falling Tg:'ltveifg?ld to Turn On 1.05 v Vinn ;e\g?ILO: g\g see
SRoseuron Time VD_?rir;;;t tht()eelc()):,’ SRon to 100 ns Vin ;;:I:Loi g\g see
SRuyor Minimum On-Time Of SR Switch 92 ns Vinw ;;JI?ILOi g\g see
SRoer Ios Rising Thgev;/si?grlmd to Turn Off -850 mA Vink ;;;I:Loi g\g see

Final Datasheet
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7.8. Electrical Characteristics (4, cont.)

Typical conditions: V =400V, V. =15V, F. =1MHz, T, =25°C, | =6A (unless otherwise specified)

Covered part numbers: NV6288-01, NV6288-02, NV6288-03, NV6288-04 (See Table 1)

SYMBOL PARAMETER |MIN| TYP | MAX | UNITS | CONDITIONS

Low side GaN FET Characteristics

Ipss Drain-Source Leakage Current 1.07 25 pA Vps=650V, Vinn=0V

Ipss Drain-Source Leakage Current, TC =150 °C 32 HA Vps =650V, Vi =0V, Tc =150 °C
RDS(ON) Low-side FET Drain-Source Resistance 120 168 mQ V=5V.I,=6A

Voo Source-Drain Reverse Voltage 3.3 \ V=0V, V =0V, I =6A
Quss Output Charge 25.4 nC V,=400V,V, =0V,V =0V

Qrr Reverse Recovery Charge 0 nC V=400V

Coss Output Capacitance 39 pF V=400V, V =0V,V =0V
Co(er)(l) Effective Outpué gg{oeegcitance, Energy 47.4 pF Vos =400V, VINL -0V, VINH =0V

Om(z) Effective Output Capacitance, Time Related 63.5 pF V=400V, V =0V, V =0V

High side GaN FET Characteristics

Ipss Drain-Source Leakage Current 0.38 25 pHA Vps=650V, Vinn=0V

Ipss Drain-Source Leakage Current, TC =150 °C 32 HA Vps =650V, Vin. =0V, Tc =150 °C
Roson) High-side FET Drain-Source Resistance 120 168 mQ V. =5V.I,=6A

Veo Source-Drain Reverse Voltage 3.3 \ V=0V, V, =0V, I =6A

Quss Output Charge 19.2 nC V,=400V,V, =0V,V =0V

Qs Reverse Recovery Charge 0 nC V=400V

Coss Output Capacitance 25 pF V¢ =400V,V, =0V,V =0V
CO(er)(l) Effective Outqug g:feezjcitance, Energy 3238 pF Vos =400V, VINL -0V, VINH oV
CO(")(Z) Effective Output Capacitance, Time Related 47.9 pF V=400V, V =0V, V =0V

1) Co(er) is a fixed capacitance that gives the same stored energy as COSS while VDS is rising from 0O to 400 V

2) Co(") is a fixed capacitance that gives the same charging time as COSS while VDS is rising from 0 to 400 V

Final Datasheet 10 Rev Apr. 29, 2025
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7.9. Switching Waveforms

(T, =25 °C unless otherwise specified)
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7.10. Characteristic Graphs
(GaN FET, T_ = 25 °C unless otherwise specified)
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Fig. 5. Pulsed Drain current (I, ,, PULSE) vs. drain-to- Fig. 6. Pulsed Drain current (I, ,, PULSE) vs.
— o . _
source voltage (Vg ) at T =25°C drain-to-source voltage (Vg ) at T =125 °C
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Characteristic Graphs (Cont.)
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Characteristic Graphs (Cont.)
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Fig. 20 Slew rate (dV/dt) vs. gate drive turn-off current
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CS Pin Current Output Drift (%)

O N Y < S SRR TR ST}
N R T TR R S|
S
o
N
G

T,(°0)

Fig. 21. CS Pin Current Output Drift vs. case
temperature (Tc)
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8. Pin Configurations and Functions

41 40 39 38 37 36 35 34 33 32 31 30

W oo N ;AW N =

-
o

11 12 13 14 15 16 17 18 19 20 21 22
Fig. 22 Package Top View

Pin
/oW Description
Number Symbol
3-8, 14-16, 36-38, PAD1 PGND G Power ground
1 GNDK G Kelvin Connection for RSSL connection, connected internally to PGND
Current sense output pin that can sink/source current proportional to the
2 CS 110 IDS current for bi-directional current sense capability. Need external
resistors to set voltage gain.
9 FLT/ EN 1/O Bidirectional Enable & fault communication
10 INL | Low-side logic input
11 INH | High-side logic input
12 ICSN | External Current sense negative input pin
13 ICSP | External Current sense positive input pin
17-22 VIN P Positive DC bus
23-28, PAD2 VSW | Half-bridge switch node
29 RSSH | High-side turn-off dV/dt control, with resistor to VSWK
30 VSWK P VSW Kelvin Connection for RSSH, connected internally to VSW
31 RDDH | High-side turn-on dV/dt control, with resistor to VB
32-34 VSW P Half-bridge switch node
35 VB P High-side gate driver bootstrap capacitor connection
39 VCC P IC supply voltage
40 RDDL | Low-side turn-on dV/dt control, with resistor to VCC
41 RSSL | Low-side turn-off dV/dt control, with resistor to GNDK

(1) I = Input, O = Output, P = Power, G = Ground
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9. Functional Description

The functional description contains additional information regarding the IC operating modes and pin functionality.

9.1. GaN Power IC Connections and Component Values

The typical connection diagram for this GaN Half-Bridge IC is shown in Fig. 23. The IC pins include the drain of
the high-side GaN power FET (Vin), the half-bridge mid-point switched node (Vsw), the source of the low-side
GaN power FET and IC GND (Panp), low-side IC supply (Vcc), low-side turn-on dV/dt control (RopL), low-side turn-
off dVv/dt control (RssL), low-side referenced PWM inputs (INL, INH), low-side current sensing output (CS), FLT/ EN
pin for enabling the device and internal fault detection, high-side supply (Vs), high-side turn-on dV/dt control
(Roon), high-side turn-off dV/dt control (RssH). The external low-side components around the IC include Vcc supply
capacitor (Cvcc) connected between Vcc pin and Penp, turn-on dV/dt set resistor (RooL) connected between Vcc
pin and RopL pin, turn-off dV/dt set resistor (Rss.) connected between the Rss. pin and the GNDK pin, current
sense amplitude set resistors (Rsetw2) connected between CS pin, Vrerapc and Penp, and the FLT/ EN pull-up
resistor (RrLt) connected to Vcc for enabling the device and for internal fault detection. The external high-side
components around the IC include Vs supply capacitor (Cvs) connected between Vg pin and Vsw, Voon supply
capacitor (Cvbpn) connected between Vopr pin and Vsw, turn-on dV/dt set resistor (Ropn) connected between Ve
pin and Ropw pin, turn-off dV/dt set resistor (RssH) connected between the Rssh pin and the VSWK pin. The high
side Vs bypass capacitor must be chosen carefully to accommodate various system considerations such as high
side wake up time and high side hold up time.

— Rvce
-
Vcc( ) Cvcr_l
-)
ReLr :' R
VRerabc ssH
Rsery
CSout
Rsem
DCgus(-) 3
FLT/EN ®
£”|= Cun
AAl | N AN NN
INL v|_11_ 7l {11l 1]
INH v
DCgus(+)

Fig. 23. IC connection diagram
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The following table (Table 2) shows the recommended component values (typical only) for the external
components connected to the pins of this Half-Bridge GaN power IC. These components should be placed as
close as possible to the IC. Please see PCB Layout Guidelines for more information.

SYM DESCRIPTION TYP UNITS
Cvcc Vcc supply capacitor 0.22 pF
Rvce Vcc current limiting resistor 50 Q
Rine INL input filter resistor 100
Cin IN, filter capacitor 100 pF
Rinn INy input filter resistor 100 Q
Cin INy filter capacitor 100 pF
Rssi Low-side gate drive turn-off current set resistor 50 Q
RooL Low-side gate drive turn-on current set resistor 200
Rser1,2 Current sense amplitude set resistor See Section 9.6.2
Rer FLT/ EN pull-up resistor for enabling of the device 5000
Cve Vg supply capacitor 0.01 uF
Rssh High-side gate drive turn-off current set resistor 50 Q
RopH High-side gate drive turn-on current set resistor 200

Table 2. Recommended component values (typical only).

The following table (Table 3) shows the correct reference location for the supply capacitors and input filter
capacitors, as they should be connected when operating the Half-Bridge GaN power IC.

DESCRIPTION SYM REFERENCE LOCATION
Vcc supply capacitor Cvec GNDK
IN, filter capacitor Cin GNDK
INy filter capacitor Cinu GNDK
Vg supply capacitor Cve VSW

Table 3. Proper reference location for bypass and filter capacitors
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9.2. UVLO Mode

This GaN Power IC includes under-voltage lockout (UVLO) circuits for both the high side and low side power
supplies for properly disabling all the internal circuitry while ensuring that the gates of power FETs are kept in
their OFF state. While Vcc is below the Vccuv+threshold (8.6V, typical the low side power FET gate is kept in its
OFF state while an analogous situation is applicable for the high side power FET gate while Vs is below it's UVLO
threshold. Once the Vcc supply voltage increases to exceed Vccuv+, the IC enters Normal Operating Mode. The
gate drive is enabled and the control signal at the INL input turns the internal low side power FET on and off
normally. While the low side power FET is ON the bootstrap capacitor (Vs) is charged through the internal
bootstrap FET. Analogous to the low side situation, once Vs rises above the UVLO threshold, the high side gate
driver is enabled and can respond to IN1. When the HS is in UVLO, the low side won’t be impacted and will still
switch, allowing the bootstrap capacitor to charge back up. During system power off, when Vcc decreases below
the Vccuv- threshold (6.05V, typical), the low side gate drive is disabled, and the IC enters UVLO Mode.

9.3. Normal Operating Mode

During normal operating mode, Vcc is set at a sufficient level (15 V typical) by the auxiliary power supply of the
power converter, and Vs is at a sufficient level (as set by Vcc and the internal bootstrap circuit). The PWM input
signals at the INL and INH pins turn the gates of the internal high- and low-side GaN power FETs on and off at the
desired duty-cycle, frequency, and dead-time. The input logic signal at the INL pin turns the low-side half-bridge
power FET on and off (0=OFF, 1=0ON), and the input logic signal at the INn pin turns the high-side half-bridge
power FET on and off (0=OFF, 1=0ON). As the PWM inputs are turned on and off in a complementary manner
each switching cycle, the Vsw pin (half-bridge mid-point) is then switched between Peno (INL=1, INH=0) and Vin
(INL=0, INn=1) at the given frequency and duty-cycle (Fig. 24). This GaN Half-Bridge IC includes shoot-through
protection circuitry that prevents both power FETs from turning on simultaneously. This IC also includes an
internal bootstrap FET for supplying the high-side circuitry. The bootstrap FET is enabled during normal operating
mode and is turned on each PWM switching cycle only when the INL pin is ‘HIGH’ and the low-side power FET is
on. This will allow the Vs capacitor to be charged up each switching cycle for properly maintaining the necessary
floating high-side supply voltage. The Vs capacitor value should be sized correctly such that the Vg voltage is
maintained at a sufficient level above UVLO- during normal operation. Should the Ve-Vsw voltage decrease below
the VBuv- falling UVLO threshold (6.05 V typical) at any time, then the high-side GaN power FET will turn off and
become disabled until Vs-Vsw increases again above the VBuv+ rising threshold (8.6 V typical).
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Fig. 24. Normal operating mode timing diagram
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9.4. Low Power Standby Mode

This GaN Half-Bridge IC includes an autonomous low power standby mode for disabling the IC and reducing
the Vcc current consumption. During normal operating mode, the PWM input signals at the INL and INw pins turn
the gates of the internal high- and low-side GaN power FETs on and off at the desired duty-cycle, frequency, and
dead-time. If the input pulses at the INL pin stop and stay below the lower VinL- turn-off threshold (1.1V, typical) for
the duration of the internal timeout standby delay (tro_stsy, 90usec, typical), then the low-side IC will automatically
enter low power standby mode (Fig. 25). Low power standby mode is only available on NV6288-01, it is disabled
when autonomous SR is active.

Iec

lacc.sw

lacc.steyf — — — — — — — — —

Vewm i

1111111

|

|

|

|

|

i |
| | t
| |
| |
| |
|

|

|

|

|

|
Vos |
|
t
Normal | Timeout | Low Power | Normal
Operating  Delay Standby Mode Operating
Mode Mode

Fig. 25. Autonomous Low Power Standby Mode timing diagram
9.5. Programmable dVv/dt Control

To program the turn-on dV/dt rate of the internal power FET, a resistor (Rop) is placed in between the Vcc/Ve
pin and the Rooi/Ropn pin. This resistor sets the turn-on current of the internal gate driver and therefore the turn-
on edge dV/dt rate of the Vps of the power FET (Fig. 26).

To program the turn-off dV/dt rate of the internal power FET, a resistor (Rss) is placed in between the Rss./RssH
pin and the GNDK/VSWK pin. This resistor sets the turn-off current of the internal gate driver and therefore the
turn-off edge dV/dt rate of the Vos of the power FET (Fig. 26).

VINH/INL
P» time
<— Torr —P>€—Ton—>
Vbs
Veus T
iy \
» \
/ i
/ i
| PN
A .
P time
Increase RSS to Increase RDD to
Decrease Turn-Off Decrease Turn-On
dv/dt dv/dt

Fig. 26 Turn-on/off dV/dt slew rate control
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9.6. GaNSense™ Motor Drive Technology Loss-less Current Sensing

For many applications it is necessary to sense the cycle-by-cycle current flowing through the power FET.
Existing current sensing solutions include placing a current sensing resistor in between the source of the power
FET and Penp. This resistor method increases system conduction power losses, creates a hotspot on the PCB,
and lowers overall system efficiency. To eliminate this external resistor and hotspot, and increase system
efficiency, this IC includes GaNSense™ motor drive technology for integrated and accurate bidirectional loss-less
current sensing.

When comparing GaNSense™ motor drive technology versus existing external resistor sensing methods (Fig.
27), the total ON resistance, Roneom), can be substantially reduced. For a 500W high-frequency boost PFC circuit,
for example, Ronrom is reduced from 220mQ to 120mQ. The power loss savings by eliminating the external
resistor results in a +0.5% efficiency benefit for the overall system and elimination of the Rcs PCB hotspot.

External Current Sensing Resistor Method GaNFast™ with GaNSense”

D
—-——0-
(-
(-

l ]» Roson) = 120mQ
G

S

J— RDS[ON} = 120mQ
p

]

b — - —_—

—T . s i
Rcsi J»RCS= 100 mQ Q No Res }‘Rcs=0m0

‘ RUN[TUT}= 220mQ

Ccs

‘ Rongron = 120mQ

Fig. 27. External current sensing resistor vs. GaNSense"" Motor Drive Technology
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9.6.1. Unidirectional Current Sensing

For compatibility with controllers/systems that are set up for unidirectional sensing, meaning the controller only
wants information about current that flows from drain to source of the power FET (1t quadrant conduction),
NV6288 should be configured as below:

Only populate a single resistor from the CS pin to controller GND (see Fig. 28).

Note: Ips > 70mA for accurate sensing in uni-directional configuration (NV6288-01, NV6288-02, NV6288-03).

GaN IC D

Controller [————— J _—
|

ouT PWMH :>—>|—

| H

|
cs Cs
|
I_ £ _ _
S
GaNSense Q aae
Program CS CSOTA Loss-less CS ™
amplitude amplifier
with Regr (timmed)

Fig. 28. Unidirectional CS System Schematic
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Fig. 29 Unidirectional CS Timing Diagram
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9.6.2. Bidirectional Current Sensing

The current flowing through the internal low-side GaN power FET is sensed internally and then converted to a
current at the current sensing output pin (CS). An external resistor divider (R1, Rz2) is connected to the CS pin and
is used to set the amplitude of the CS pin voltage signal (Fig. 30). This allows for the CS pin signal to work with
different controllers with different current sensing input thresholds. It is recommended to place the resistor divider
close to the CS pin for improved robustness against system noise. The resistor divider is driven by an external
voltage, allowing it to set the midpoint voltage at an arbitrary level. Positive current through the GaN power FET
will result in a current out of the CS pin, increasing the voltage at the midpoint of the resistor divider, and negative
current through the GaN power FET will result in a current into the CS pin, reducing this voltage. The CS pin
current is a function of the gain factor and the absolute current in the power transistor (see Equation 1). Care
should be taken in the choice of resistor values, to ensure that the voltage range corresponding to full positive to
full negative current is adequately positioned within the ADC input voltage range, and the maximum voltage at the
CS pin (see Equation 2).

IN. A
| [ I =t
Nuy - .
OUTH : : : : :
PWM I I I : I | I : : | .
Controller VsSW | | | i | >
| | |
ot Vswy | I o
—— 1 |
T
VREF : | : | I
cs | o
| |
| | o
' ' ot
Fig. 30 Bidirectional CS System Schematic
ot

Fig. 31 Bidirectional Current Sense Timing Diagram

oy _1CS _125mA_ . mA
Wn=Ips~ 74 A

Equation 1. Internal Current Sense Amplifier Gain Ratio

Res . VREF
Ves = - * Gain * Ipg +T,Wlth RCS =R1 =R2

Equation 2. Current Sense Pin Voltage — Internal Current Sensing
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9.7. Current Sensing Using an External Sense Resistor

NV6288

If more precise current sensing is required, an external current sense resistor can be used while still using the
GaNSense™ Motor Drive internal amplifier to gain up the voltage across the external sense resistor (Fig. 32).
Using the internal current sense amplifier to gain up the voltage across Rsns allows for much smaller Rsns values
such that the maximum voltage drop can be sized to minimize the power loss in Rsns. The maximum input

dynamic range for the amplifier is +/-100mV with R3=R4=392Q) typical. The internal amplifier senses the voltage

across Rsns through two series resistors, R3 and R4, which are set to the same value. The voltage at CS can be
calculated using Equation 3:

Ry 10(Rsns) RiR,

Ves =V, + 1
CS REF R1 + R2 sw R3‘4 Rl + R2
Equation 3 Current Sense Pin Voltage — External Current Sensing

VIN

OUTH
PWM
Controller
OUTL
VREF
cs

Jeccccces
<
1))
=

Fig. 32 Bidirectional External Current Sensing Circuit Using Internal Current Sense Amplifier
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9.8. Over Temperature Protection (OTP)

This GaN Power IC includes over-temperature detection and protection (OTP) circuitry to protect the IC against
excessively high junction temperatures (Tj). High junction temperatures can occur due to overload, high ambient
temperatures, and/or poor thermal management. Should T; exceed the internal Tote+ threshold (165°C, typical) then
the IC will latch off safely, and the FLT/EN pin will be pulled low. When T; decreases again and falls below the
internal Tore- threshold (105°C, typical), then the OTP latch will be reset, and FLT/EN will be released to go high.
Until then, internal OTP latch is guaranteed to remain in the correct state while Vcc is greater than 5V. During an
OTP event, this GaN IC will latch off and the system Vcc supply voltage will decrease due to the loss of the aux
winding supply. The system Vcc will fall below the lower UV- threshold of the controller and the high-voltage start-
up circuit will turn-on and Vcc will increase again (Fig. 33). Vcc will increase above the rising UV+ threshold and the
controller turn on again and deliver PWM pulses again.

VPWM A

Vaus

T

Tores

Tore|

~Y

OTPar,

~Y

System V)

-

Fig. 33. OTP threshold timing diagram

9.9. Autonomous Synchronous rectification

In motor inverter and other applications where reverse current can flow through the power switches, also called
“freewheeling”, the voltage across the switch in combination with the reverse current can create high power
dissipation. In order to reduce the impact, multiple things can be done, including shortening the dead time
(depending on the control algorithm), or driving the power switch as a synchronous rectifier (requiring appropriate
control firmware). The NV6288-02 and NV6288-03 provides autonomous synchronous rectification, where upon
detection of significant reverse current, the power switch is turned ON, and upon approaching zero current (SRorr)
the switch is turned OFF, without any burden on the controller.
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The section below describes the activation sequence of the SR functionality:

1. Arming

* The chip will “arm” itself for SR operation if Vps exceeds the SRarm voltage (9.8V typical) ONLY for
versions NV6257-02 and NV6257-03.

2. Turn-on (See Fig. 34)

« If the chip was previously “armed” AND Vbs falls below the SRon voltage (-1.05V typical) for more than
the SRoecLiTcH interval (100ns typical), the driver will activate and bring up the power FET gate.
* The gate will stay on for at least the SRmot minimum on time interval (90ns typical) to ensure switching
noise does not falsely trip the turn-off detection circuit.
3. Turn-off (See Fig. 35)
*  Once the magnitude of current flowing from Source -> Drain falls below the SRorr threshold (600mA),
the chip will turn off the power FET gate.

4. Re-arming (See Fig. 35)
* VDS must rise above the SRarm Voltage (9.8V typical) for the chip to be ready for the next SR cycle.

SRofe Ips Threshold
Low-side Ips (A)

>
t

SRarm Vos Threshold

SRon Vps Threshold

o~
S
S
—> —> —> —>

>
t
Ves (V) /
>
t
SRwvor signal
>
t

Fig. 34. SR turn-on timing diagram
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SRofe Ips Threshold

SRarm Vbs Threshold

Fig. 35. SR turn-off timing diagram

9.10. Fault reporting and enable / disable function

The FLT/ EN pin is an open-drain pin and should be pulled up to the supply voltage of the system controller, in
order to enable the GaN power IC. Should a fault occur (overcurrent or overtemperature), the GaN power IC will
pull this pin LOW, signaling the fault to the system controller, and all switching will stop. Similarly, when the
system controller decides to disable the power stage, it can pull this pin low, which the GaN power IC will monitor
and all switching will stop. The open-drain architecture of this pin enables parallel connection of multiple GaN
power ICs which then can be enabled or disabled all at the same time, and a fault in one of the half-bridges can
trigger the whole power stage to stop switching. Using a capacitor on this pin to ground can be used to configure
a minimum STOP time, where — once the fault is cleared, or the system controller has cleared the stop — the
voltage on this pin will rise more slowly, as a function of the pull-up resistor and the capacitor, and once it reaches
the turn-on threshold switching will resume.
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9.11. Functional Schematic
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Fig. 36. Typical motor drive inverter schematic
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10. PCB Layout Guidelines

For best electrical and thermal results, these PCB layout guidelines (and 3 steps below) must be followed:

Place IC components as close as possible to the GaN IC. Place Rser resistor directly next to CS pin to minimize
high frequency switching noise. Connect the ground of the IC components as noted in the IC Connection Diagram
to minimize high frequency switching noise. Connect controller ground to Source (Penp). Route all connections on
single layer. Place large copper areas on and around Padl and Pad2.

Place many thermal vias inside Pad1 and Pad2 and inside Pad1 and Pad2 copper areas.
Place large possible copper areas on all other PCB layers (bottom, top, mid1, mid2).

Do not extend copper planes from the low-side across the components or pads of the high-side; do not
extend copper planes from the high-side across the components or pads of the low-side! Keep high and
low-side layouts separate. Do not overlap!

Large thermal Cu areas
on and around PADs

Rvec [J <A\
[0 Cvee
o BB BB . .
IR NN
L U RO U [
mnf BE - s
Rsem C O \‘
o [ (]
| [ 0
L [ O
o O d
Reur S I =
Rinc D:Dg
CINL—)E| Nnaonni OO =1 rl_H_‘H_ll_ll—ll Vi
R [T Cinn

Step 1. Route all connections on single layer. Make

large copper areas on and around Source pad
IC Component placement 9 PP P

Large thermal Copper
Thermal vias Areas on other Ia}yers
a

| [ — 1 i '/
ﬁ 0 E T |
[ o
n@jﬂuu I 1 J00 T He e i | i
ﬁj 0000 0000 00 =
0000 00000000 0000 0000
000 0000 00000000 00000 00000
000 0000 00000000 00000 00000
000 0000 00000000 00000 00000
000 0000 000000000 00000 00000
000 0000 00000000 00000 00000
T | 9000 0000 !
0000 i
I ([mooom
Step 2. Place many thermal vias inside source pad Step 3. Place large copper areas on other layers.
and inside source copper areas. Make all thermal copper areas as large as possible!
(dia=0.65mm, hole=0.33mm, pitch=0.925mm, via
wall=1mil)
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11. Recommended PCB Land Pattern
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All dimensions are in mm
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13. Tape and Reel Dimensions
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13.1. Tape and Reel Dimensions (Cont.)
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14. Ordering Information

Operating Storage MSL Packing
Part Number | o herature Grade | Temperature Range Package | pating | (Tape & Reel)
NV6288-01-RA
NV6288-02-RA -55°C to +150°C
h -55°C t0 +150°C Topee 6; 8FnI:lm 3 1000: 7" Reel
NV6288-03-RA case Q
NV6288-04-RA
NV6258-01
NV6288-02 -55°C to +150°C
T 55°C10+150°C Tepee | OXEMM | 3 5000: 13” Reel
NV6288-03 case PQFN
NV6288-04

15. 20-Year Limited Warranty

The product(s) described in this data sheet include a warranty period of
twenty (20) years under, and subject to the terms and conditions of, Navitas'
express limited product warranty, available at https://navitassemi.com/terms-
conditions. The warranted specifications include only the MIN and MAX values

only listed

in Absolute Maximum Ratings, ESD Ratings and Electrical

Characteristics sections of this datasheet. Typical (TYP) values or other
specifications are not warranted.

16. Revision History

Date

Status

Notes

April 29, 2025

Final Datasheet

First revision
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Additional Information

IMPORTANT NOTICES AND DISCLAIMERS

EXCEPT TO THE EXTENT THAT INFORMATION IN THIS DATA SHEET IS EXPRESSLY AND SPECIFICALLY WARRANTED IN WRITING BY NAVITAS SEMICONDUCTOR (“NAVITAS”),
EITHER PURSUANT TO THE TERMS AND CONDITIONS OF THE LIMITED WARRANTY CONTAINED IN NAVITAS' STANDARD TERMS AND CONDITIONS OF SALE OR A WRITTEN
AGREEMENT SIGNED BY AN AUTHORIZED NAVITAS REPRESENTATIVE, (1) ALL INFORMATION IN THIS DATA SHEET OR OTHER DESIGN RESOURCES PROVIDED BY NAVITAS,
INCLUDING WITHOUT LIMITATION RELIABILITY AND TECHNICAL DATA, REFERENCE DESIGNS, APPLICATION ADVICE OR TOOLS, AND SAFETY INFORMATION
(COLLECTIVELY, “DESIGN RESOURCES"), ARE PROVIDED “AS IS” AND WITH ALL FAULTS; AND (2) NAVITAS MAKES NO WARRANTIES OR REPRESENTATIONS AS TO ANY
SUCH INFORMATION OR DESIGN RESOURCES AND HEREBY DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

CUSTOMER RESPONSIBILITIES. This data sheet and other Design Resources provided by Navitas are intended only for technically trained and skilled developers designing
with Navitas- or GeneSiC-branded products (“Products”). Performance specifications and the operating parameters of Products described herein are determined in the
independent state and may not perform the same way when installed in customer products. The customer (or other user of this data sheet) is solely responsible for
(a) designing, validating and testing the application, products and systems in which Products are incorporated; (b) evaluating the suitability of Products for the intended
application and the completeness of the information in this data sheet with respect to such application; (c) ensuring the application meets applicable standards and any
safety, security, regulatory or other requirements; (d) procuring and/or developing production firmware, if applicable; and (e) completing system qualification, compliance
and safety testing, EMC testing, and any automotive, high-reliability or other system qualifications thatapply.

NON-AUTHORIZED USES OF PRODUCTS. Except to the extent expressly provided in a writing signed by an authorized Navitas representative, Products are not designed,
authorized or warranted for use in extreme or hazardous conditions; aircraft navigation, communication or control systems; aircraft power and propulsion systems; air traffic
control systems; military, weapons, space-based or nuclear applications; life-support devices or systems, including but not limited to devices implanted into the human
body and emergency medical equipment; or applications where product failure could lead to death, personal injury or severe property or environmental damage. The
customer or other persons using Products in such applications without Navitas’ agreement or acknowledgement, as set forth in a writing signed by an authorized Navitas
representative, do so entirely at their own risk and agree to fully indemnify Navitas for any damages resulting from such improper use.

CHANGES TO, AND USE OF, THIS DATA SHEET. This data sheet and accompanying information and resources are subject to change without notice. Navitas grants you
permission to use this data sheet and accompanying resources only for the development of an application that uses the Products described herein and subject to the notices
and disclaimers above. Any other use, reproduction or display of this data sheet or accompanying resources and information is prohibited. No license is granted to any
Navitas intellectual property right or to any third-party intellectual property right.

TERMS AND CONDITIONS. All purchases and sales of Products are subject to Navitas' Standard Terms and Conditions of Sale, including the limited warranty contained
therein, unless other terms and conditions have been agreed in a writing signed by an authorized Navitas representative. This data sheet, and Navitas’ provision of this data
sheet or other information and resources, do not expand or otherwise alter those terms and conditions.

Navitas, GeneSiC, the Navitas and GeneSiG logos, GalNFast, GaNSafe and other Navitas marks used herein are trademarks or registered trademarks of Navitas
Semiconductor Limited or its affiliates. Other trademarks used herein are the property of their respective owners.

Copyright © 2024 Navitas Semiconductor Limited and affiliates. All rights reserved.

Contact:

o
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