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Datasheet

ISL73033SLHM

Radiation Hardened Driver-GaN Power Stage with 100V GaN FET

The ISL73033SLHM is a radiation hardened
Driver-GaN power stage with a 4.5V gate driver and a
100V, 7.5mQ enhancement-mode Gallium Nitride
(GaN) FET in one package. The device simplifies the
PCB layout by integrating a driver plus GaN FET in
one package and is designed for isolated topologies
and boost type configurations. The driver operates
with a supply voltage from 4.5V to 13.2V and has both
inverting (INB) and non-inverting (IN) inputs to satisfy
requirements for inverting and non-inverting gate
drives with a single device.

The ISL73033SLHM has a 4.5V gate drive voltage
(Vpry) generated using an internal regulator that

prevents the gate voltage from exceeding the
maximum gate-source rating of enhancement-mode
GaN FETs. The gate drive voltage also features
Undervoltage Lockout (UVLO) protection that ignores
the inputs (IN/INB) and keeps the GaN FET in an OFF
state whenever Vpgy is below the UVLO threshold.

The ISL73033SLHM inputs can withstand voltages up
to 14.7V regardless of the Vpp voltage, allowing the

inputs to be connected directly to most PWM
controllers.

The ISL73033SLHM is offered in an 81 ball 8x8mm
Ball Grid Array (BGA) package.

Applications

= Flyback and forward converters

= Boost and PFC converters

= Secondary synchronous FET drivers

Features

= Production testing and qualification follow the
standard AS6294/1

= 100V, 7.5mQ eGaN FET with integrated 4.5V gate
driver

= Wide driver bias range of 4.5V to 13.2V
= Up to 16.5V logic inputs (regardless of Vpp level)
* Inverting and non-inverting inputs

= Integrated driver optimized for enhancement-mode
GaN FETs

+ Internal 4.5V regulated gate drive voltage

= Full military temperature range operation
* Tp=-55°C to +125°C
+ T,=-55°C to +150°C

= Radiation hardness assurance (lot-by-lot)
* Low dose rate (0.01rad(Si)/s): 75krad(Si)

= SEE hardness for Driver (see the SEE test report)
+ No SEB/L LET, Vpp = 16.5V: 86MeVecm2/mg
+ No SET, LETy, Vpp = 13.2V: 86MeV-cm2/mg

= SEE hardness for GaN FET (see the SEE test
report)
+ No SEB/L LETty, Vpg = 100V: 86MeV+cm?2/mg
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Figure 1. Typical Application: Flyback Power Supply
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ISL73033SLHM 1. Overview

1. Overview

1.1 Block Diagram
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Figure 2. Functional Block Diagram

2. Pin Information

21 Pin Assignments
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ISL73033SLHM

2. Pin Information

2.2 Pin Descriptions

Pin Name ESD Circuit Description
VDD 2 Supply for the internal linear regulator. Bypass VDD to VSS using at least a 4.7uF ceramic
capacitor.
VSS - Ground reference for the logic circuitry. Internally shorted to Source.
VDRV 1 Gate drive voltage generated by the internal linear regulator. Bypass VDRV to SOURCE using
at least a 4.7uF ceramic capacitor. See Applications Information for more details.

IN 2 Non-inverting TTL/CMOS input pin that controls the gate of the GaN FET. When using this
device in an inverting application, tie this pin to VDD. The IN pin has a 180kQ internal
pull-down resistor to VSS.

INB 2 Inverting TTL/CMOS input pin that controls the gate of the GaN FET. When using this device in
a non-inverting application, tie this pin to VSS. The INB pin has a 180kQ internal pull-up
resistor to VDD.
DRAIN - Drain connection for the GaN FET
SOURCE - Source connection for the GaN FET
ESD Circuits:
PIN # PIN #
v 17V
VSS VSss
Circuit 1 Circuit 2

R34DS0011EU0400 Rev.4.0
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ISL73033SLHM 3. Specifications

3. Specifications

3.1  Absolute Maximum Ratings

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such
conditions can adversely impact product reliability and result in failures not covered by warranty.

Parameter Minimum Maximum Unit
Vpp '] -0.3 +16.5
IN, INBI -0.3 +16.5 \
VDRV -0.3 +6.5 \%
VDRV -0.3 +6.2 Vv
Vpg Drain to Source Voltagel'l 100

ESD Rating Value Unit
Human Body Model (Tested per MIL-STD-883 TM3015) 1.75 kv
Charged Device Model (Tested per JS-002-2014) 2.0 kv

1. Tested in a heavy ion environment at LET = 86MeV+-cm2/mg at +125°C (TC) for SEB.

3.2 Outgas Testing

Specification (Tested per ASTM E595, 1.5) Value Unit
Total Mass Lost!'] 0.09 %
Collected Volatile Condensible Materiall'] <0.01 %
Water Vapor Recovered 0.03 %

1. Outgassing results meet NASA requirements of total mass loss <1% and collected volatile condensible material of <0.1%.

3.3 Thermal Information

Thermal Resistance (Typical) 0, (cC/W)I1] 0,c (cC/w)l2]

81 Ball 8x8mm BGA Package 22.6 5.5

1. 04 is measured in free air with the component mounted on a high-effective thermal conductivity test board with direct attach features
including vias to buried source and drain planes. See TB379.

2. For 0, the case temperature location is the bottom of the ball at the center of the package underside.

Parameter Minimum Maximum Unit
Maximum Junction Temperature +150 °C
Maximum Storage Temperature Range -65 +150 °C
Pb-Free Reflow Profile See TB493
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ISL73033SLHM 3. Specifications

3.4 Recommended Operating Conditions

Parameter Minimum Maximum Unit
Case Operating Temperature Range -55 +125 °C
Vbp 45 13.2 \Y
IN, INB 0 13.2 \Y
Vpg Voltage 80 \%
Ip (Te = +25°C)] 36 A
Ip (Te = +105°C)12] 20 A

1. T,=+150°C. Current is limited by die constraints.
2. T,=+150°C. Current is limited by package constraints.

3.5 Electrical Specifications

Unless otherwise noted, Vpp = 4.5V, 13.2V, Vpg = 80V, Vgg = SOURCE = 0V, Cypry = 4.7uF, V| = 5.0V, V|_= 0V. Boldface limits
apply across the operating temperature range, -55°C to +125°C or over a total ionizing dose of 75krad(Si) with exposure at
an LDR of <10mrad(Si)/s.

Parameter Symbol Test Conditions Minll | Typl2 | Max['l | Unit

Power Supply
Quiescent Supply Current Ibpa Vpp =4.5V, IN=0V, INB = Vpp 1.4 2.5 mA
Vpp = 13.2V, IN =0V, INB = Vpp 1.5 25 mA
Operating Supply Current Ibbo Vpp = 4.5V, fpyym = 500kHz 6.8 16 mA
Vpp = 13.2V, fpyyy = 500kHz 7.3 18 mA

Gate Drive Voltage

Output Voltage Vorv | Vop = 4.5V, 25mA load on VDRV 4.34 4.44
Vpp = 13.2V, 25mA load on VDRV 4.39 4.57 4.7
Current Limit of Vpgy lm | Vop =45V, 13.2V 100 150 210 | mA

Undervoltage Lockout (UVLO) on Vpry

UVLO Rising Threshold VRDRV 3.79 3.96 4.12
UVLO Falling Threshold VEDRY 3.50 3.70 3.90
UVLO Hysteresis VHDRY 150 238 375 mV

Input Pins IN and INB

High Level Threshold Vi 1.7 2.0

Low Level Threshold Vi 1.0 1.4

Input Hysteresis Vinys 150 290 400 mV
Pull-Up/Down Resistor Rinup | INto Vgs, INB to Vpp 125 180 275 kQ
Input Leakage Current Ining | IN=0V; INB =13.2V -1 1 MA

Output Static Characteristics

Drain-to-Source Breakdown BVpss | VIN=0V,V|Ng=0V, Ip=1.2mA 100 \%
Voltage
Drain-to-Source Leakage Current Ipss ViN =0V, Vg = 0V, Vpg =80V, Vgg = OV 0.1 1.1 mA
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ISL73033SLHM 3. Specifications

Unless otherwise noted, Vpp = 4.5V, 13.2V, Vpg = 80V, Vgg = SOURCE = 0V, Cypry = 4.7uF, V| = 5.0V, V|_= 0V. Boldface limits
apply across the operating temperature range, -55°C to +125°C or over a total ionizing dose of 75krad(Si) with exposure at
an LDR of <10mrad(Si)/s. (Continued)

Parameter Symbol Test Conditions Minll | Typl2 | Max['l | Unit
Drain-to-Source On-Resistance osoN) | VIN=5V, ViNg = 0V, Ip = 25A, T = 25°C, 7.5 11 mQ
-55°C
ViN=5VY, ViNg = 0V, Ip = 20A, T = 125°C, 9.5 17 mQ
Post Rad, Post Burn-in
Source-to-Drain Forward Voltage Vsp VIN=0V, Vg =0V, Ig = 0.5A, Tp=25°C, - 0.7 1.8 3.0 \Y
55°C
VSD V|N = OV, VlNB = OV, IS = 05A, TA= 12500, 2.3 3.2 \Y

Post Rad, Post Burn-in

Output Dynamic Characteristics

Output Capacitance Coss Vpg =50V, V|y =0V, V|\g =0V 960 pF

Output Charge Qoss | Vps =50V, V=0V, Vg = 0V 71 nC

Timing Characteristics

Turn-ON Propagation Delay toonan | I = 12.5A, Tp =-55°C, Figure 3 26 37 52 ns
Ip = 12.5A, Tp = +25°C, Figure 3 32 42 58 ns
Ip = 12.5A, Tp = +125°C, Figure 3 35 50 64 ns
Turn-OFF Propagation Delay tborran | Ip = 12.5A, Tp =-55°C, Figure 3 26 39 52 ns
Ip = 12.5A, Tp = +25°C, Figure 3 32 44 58 ns
Ip = 12.5A, Tp = +125°C, Figure 3 35 51 64 ns
Propagation Delay Matching toman | Itoon - tooFel 3 8 ns
Turn-ON Propagation Delay tbonang | Ip = 12.5A, Tp =-55°C, Figure 3 26 40 52 ns
Ip = 12.5A, Tp = +25°C, Figure 3 32 45 58 ns
Ip = 12.5A, Tp = +125°C, Figure 3 35 53 64 ns
Turn-OFF Propagation Delay tborrang | Ip = 12.5A, Ta =-55°C, Figure 3 26 39 52 ns
Ip = 12.5A, Tp = +25°C, Figure 3 32 44 58 ns
Ip = 12.5A, Tp = +125°C, Figure 3 35 52 64 ns
Propagation Delay Matching tom-ne | Itoon - tooFF! 3 8 ns
Rise Time (10% to 90%) trISE 3.5 11.5 ns
Fall Time (90% to 10%) teaLL 5.0 11.5 ns

1. Parameters with MIN and/or MAX limits are 100% tested at -55°C, +25°C, and +125°C, unless otherwise specified.
2. Typical values shown are not guaranteed.
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ISL73033SLHM

4. Typical Performance Graphs

3.6 Timing Diagram
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Figure 3. Timing Diagram for Propagation Delay

4. Typical Performance Graphs
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ISL73033SLHM

4. Typical Performance Graphs
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ISL73033SLHM 5. Applications Information
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5. Applications Information

51 Functional Overview

The ISL73033SLHM is a single channel high-speed low-side driver with a 100V enhanced mode GaN FET
designed for boost, isolated power supplies and Synchronous Rectifier (SR) applications.

The ISL73033SLHM offers a wide operating supply range of 4.5V to 13.2V. The gate drive voltage is generated
from an internal linear regulator to keep the gate-source voltage below the absolute maximum level of 6V for the
GaN FET. The input stage can handle inputs to the 13.2V independent of Vpp and offers both inverting and

non-inverting inputs. The typical propagation delay of 42ns enables high switching frequency operation.

5.2 Undervoltage Lockout

The VDD pin accepts a recommended supply voltage range of 4.5V to 13.2V and is the input to the internal linear
regulator. VDRV is the output of the regulator and is equal to 4.5V. VDRV provides the bias for all internal circuitry
and the gate drive voltage for the output stage.

A UVLO circuitry monitors the voltage on VDRV and prevents unexpected glitches when VDD is being turned on
or turned off. When VDRV < ~1V, an internal 500Q pull-down resistor helps keep the Vgg close to ground. When
~1.2V < VDRV < UV, the gate is driven low while ignoring the logic inputs. This low state has the same current
sinking capacity as during normal operation, which ensures that the driven FETs are held off even if there is a
switching voltage on the drains that can inject charge into the gates from the Miller capacitance.

When VDRV > UVLO, the output responds to the logic inputs following the next rising edge on IN or falling edge
on INB. In the non-inverting operation (PWM signal applied to the IN pin), the output is in phase with the input. In
the inverting operation (PWM signal applied to the INB pin), the output is out of phase with the input.

For the negative transition of VDD through the UV lockout voltage, the gate is held low when Vpgry < ~3.7V,
regardless of the input logic states.

R34DS0011EU0400 Rev.4.0
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ISL73033SLHM 5. Applications Information

5.3 Input Stage

The ISL73033SLHM input thresholds are based on a TTL and CMOS compatible input threshold logic that is
independent of the supply voltage. With typical high threshold = 1.7V and typical low threshold = 1.4V, the logic
level thresholds can be conveniently driven with PWM control signals derived from 3.3V and 5V power controllers.

The ISL73033SLHM offers both inverting and non-inverting inputs. The state of the output pin is dependent on the
bias on both input pins. Table 1 summarizes the inputs to output relation.

Table 1. Truth Table

IN INB Vgs (V)
0 0 0.0
0 1 0.0
1 0 45
1 1 0.0

As a protection mechanism, if any of the input pins are left in a floating condition, the gate of the GaN FET is held
in a low state. This is achieved using an internal 180kQ pull-up resistor on the INB pin to VDD and an internal
180kQ pull-down resistor on the IN pin to VSS. For proper operation in non-inverting applications, connect INB to
VSS. For proper operation in inverting applications, connect IN to VDD.

5.4 Enable Function

An enable or disable function can be easily implemented in the ISL73033SLHM using the unused input pin. The
following guidelines describe how to implement the enable and disable functions:

= In a non-inverting configuration, the INB pin can be used to implement the enable and disable functions. The
GaN FET driver is enabled when INB is biased low, acting as an active-low enable pin

= In an inverting configuration, the IN pin can be used to implement the enable and disable functions. The GaN
FET driver is enabled when IN is biased high, acting as an active-high enable pin

The layout of the package facilitates the input pull-up and pull-down by placing VDD and VSS balls next to the
inputs.

5.5 Power Dissipation of the Driver

The total power dissipation of the ISL73033SLHM is a combination of the power losses in the gate driver circuitry
and the power losses of the GaN FET.

The power dissipation of the gate driver is dominated by the losses associated with the gate charge of the driven
FETs and the switching frequency. The internal bias current also contributes to the total dissipation but is usually
not significant compared to the gate charge losses.

For example, the included GaN FET has a total gate charge of 8nC (typical) when Vpg = 50V and Vgg = 4.5V.

This is the charge that a driver must source to turn on the GaN FET and must sink to turn off the GaN FET. Use
Equation 1 to calculate the power dissipation of the driver.

Vas
"'pD

(EQ. 1) PDyriver = Qg-freq-VGS+IDD(freq)-VDD+ *VppeD
where:

= freq = switching frequency
= Vgs = VpRy bias of the ISL73033SLHM, 4.5V
* Qg = Gate charge for Vgg

R34DS0011EU0400 Rev.4.0
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ISL73033SLHM 5. Applications Information

= Ipp(freq) = Bias current at the switching frequency
= rpp = Internal 500Q pull-down resistance
= D = Duty cycle that gate drive is equal to Vpgry during one switching cycle.

The power dissipation of the GaN FET includes the conduction, switching, dead time, and output capacitance
Coss related losses. Use Equation 2 to calculate the power dissipation of the GaN FET.

(EQ. 2) PDggt = Pcond +Psw + Poss + Pdt

* Pcond = IpgaiN?® bsoN) * (tontperiod)

* Psw=0.5+Vgp *IpraiN * (trise * traLL) * freq
* Poss = 0.5+ Cogs * ViN? * freq

* Pdt=Vgp * Ipra * (Tdton + Tdtorr)

where:

* rpson) = GaN FET ON-resistance

= Vgp = GaN FET off source-drain forward conduction

= ton/trerioD = GaN FET on duty cycle

» trisg is the drain voltage rise time from 0V to Vin

= tpaLL is the drain voltage fall time from Vin to OV

= V|y is the FET off drain voltage

= Cpgg is FET output capacitance

= Tdtgy is the dead time before the FET turns on for a synchronous application

= Tdtggg is the dead time after the FET turns off for a synchronous application

The total power dissipation of the ISL73033SLHM is the sum of Equation 1 and Equation 2.

(EQ.3)  PDygraL = PDyriver ¥ PDreT

5.6 Layout Guidelines

The ISL73033SLHM BGA package ball assignment is placed to allow for a simplified layout and optimizing
performance. The following are the layout guidelines for external component placement and Printed Circuit Board
(PCB) routing.

= Place a 4.7uF or larger X7R rated ceramic capacitor near the VDD and VSS balls.

= Place a 4.7uF or larger X7R rated ceramic capacitor near the VDRV and SOURCE balls.

= If using a non-inverting configuration, the INB ball is co-located next to the VSS balls for connecting INB to
VSS. If using an inverting configuration, the IN ball is co-located next to the VDD ball for connecting IN to VDD.

= For the 100V GaN FET, connect the DRAIN close to the rectifier path to minimize parasitic inductance that may
cause ringing or overshoot during switching and potentially exceed the drain-to-source voltage of the GaN FET.

= The DRAIN and SOURCE balls are the thermal dissipation path. Allow adequate areas of PCB copper to these
balls on the top layer to carry away heat. Renesas also recommends using a conductively filled via underneath
the balls to additional PCB layers to help carry heat away from the package.
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ISL73033SLHM 6. Package Outline Drawing

6. Package Outline Drawing

For the most recent package outline drawing, see V81.8x8.

V81.8x8

81 Ball Plastic Ball Grid Array Package
Rev 0, 10/18
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(1.77 Nominal Ref.)
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Notes:

Dimension is measured at the maximum solder ball diameter,
parallel to primary datum

@ Datum[C] (seating plane) is defined by the spherical crowns of the solder balls.

@ Parallelism measurement shall exclude any effect of the mark on the top surface of the package.
4. All dimensions and tolerances conform to ASME Y14.5M.
5. Units: mm
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7. Ordering Information

7. Ordering Information

Package
Description
Radiation Hardness (ROHS Pkg. Carrier Temp_

Part Numberll2] Part Marking (Total lonizing Dose) | Compliant) Dwg# | Type Range

ISL73033SLHMKZ ISL73033 SLHMKZ | LDR to 75krad(Si) 81 BallBGA | V81.8x8 Tray -55 to
+125°C

ISL73033SLHMKZ/PROTORI | 73033SLH /PROTO N/A Tray
ISL73033SLHEV1Z14] Evaluation Board

1. These Pb-free BGA packaged products employ special Pb-free material sets; molding compounds/die attach materials and SnAgCu - e6
solder ball terminals, which are RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Pb-free BGA
packaged products are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC

J-STD-020.

2. For Moisture Sensitivity Level (MSL), see the ISL73033SLHM device page. For more information about MSL, see TB363.

3. The /PROTO device is not rated or certified for Total lonizing Dose (TID) or Single Event Effect (SEE) immunity. This part is intended for
engineering evaluation purposes only. The /PROTO part meets the electrical limits and conditions across temperature specified in this
datasheet. This part type does not come with a Certificate of Conformance.

4. Evaluation board uses the /PROTO parts. The /PROTO parts are not rated or certified for Total lonizing Dose (TID) or Single Event Effect

(SEE) immunity.

8. Revision History

Rev. Date

Description

4.0 Jul 30, 2021

Updated Block Diagram.

Updated pin descriptions for the IN and INB Pins.
Updated Figures 8, 9, 12, and 13.

Updated Input Stage section changed 300kQ to 180kQ.
Updated Equation 1.

3.0 May 25, 2021

Updated Maximum spec for the recommended ID current at T¢ = +25C from 45A to 36A.
Added Note 1 in the Recommended Operating Conditions table.

Added Figure 15.

Updated the Power Dissipation of the Driver section.

Reformatted the Ordering Information table.

2.0 Mar 24, 2021

Applied new template.
Updated first features bullet.
Updated base part number from ISL73033SLH to ISL73033SLHM throughout document.

1.0 Dec 18, 2020

Initial release

R34DS0011EU0400 Rev.
Jul 30, 2021
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers skilled in the art designing with Renesas products. You are solely responsible
for (1) selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only for
development of an application that uses Renesas products. Other reproduction or use of these resources is strictly
prohibited. No license is granted to any other Renesas intellectual property or to any third party intellectual property.
Renesas disclaims responsibility for, and you will fully indemnify Renesas and its representatives against, any claims,
damages, costs, losses, or liabilities arising out of your use of these resources. Renesas' products are provided only subject
to Renesas' Terms and Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources
expands or otherwise alters any applicable warranties or warranty disclaimers for these products.

Corporate Headquarters

TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
Www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

(Rev.1.0 Mar 2020)

Contact Information

For further information on a product, technology, the most
up-to-date version of a document, or your nearest sales
office, please visit:

www.renesas.com/contact/
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