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ST, Flyback Sync Rect
Features NEUTRAL Controller IC
High Frequency SR Controller “Compaty”

» Compatibility of continuous conduction  carbonneutral.com
mode (CCM), quasi-resonant (QR) and

discontinuous conduction mode (DCM)

Compatible with high side and low side application

Wide input voltage ranges up to 26.5V

Optimized SR gate turn-off threshold control

Proprietary CCM SR turn-off control algorithm

Minimized SR turn-on/off propagation delay

SR MOSFET gate passive clamp

« Low power saving mode

+ Small footprint with SOT-23-6L package

Product Reliability SOT-23-6L Package Simplified Schematic

+ 20-year limited product warranty D inti
escripton

: : : NV9701 is a secondary-side synchronous rectifier (SR)
Topolog|e§ / Appllcatlons controller for isolated flyback converters. By implementing
+ USBPD ﬁ”'Ck cha(;ge;)sl for smart phones, proprietary turn-off control algorithm, NV9701 can reliably
. f;gtuerea%;r:gs%n éarltasltepcfas ice support discontinuous conduction mode (DCM), quasi-
. F Vt;Ia(r:k oeverrsurpl with fixevcli or resonant (QR) and continuous conduction mode (CCM)
va);iable Fc)Jutput vorl)tgge operation, which will help to design robust flyback converters.
Small footprint SOT-23-6L package enables designers to
achieve simple, quick and reliable solutions. Navitas’ controller
IC technologies enable high frequencies, high efficiencies and
low EMI to achieve unprecedented power densities at a very

attractive cost structure.

Simplified Application Diagram
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Figure 1. Low-Side SR Application Diagram
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Figure 2. High-Side SR Application Diagram
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Ordering Information

Part Number

Operating Temperature Range Package Packing Method

NV9701SCO1

-40°C to +125°C 6-Lead, SOT23 3K/Tape & Reel

Pin Configuration and Marking Diagram

Pin Function

SRC VIN

swW
|T| |?| |T| Symbol Content

NNNNN Lot Number
NNNNN YY Year Code
YYWW WW Week Code

Ingaga

Figure 3. NV9701 Pin Configuration & Marking Diagram (Top View)

Pin No. | Name | Description
1 DRV Synchronous MOSFET gate drive output.
2 GND Ground.
3 VDD Ig:\?lrjnal regulator 5V output and gate driver power supply rail. Bypass with 1uF capacitor to
4 VIN _Supports up to 26.5V operation, input of an integrz_iteq 5V LDO which generates the
internal power supply for the low-voltage control circuitry.
5 SRC Synchronous MOSFET source sense input.
6 SW Synchronous MOSFET drain sense input.

Table 1. NV9701 Pin Definition
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Internal Function Block Diagram

NV9701
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Figure 4. NV9701 Internal Function Block Diagram
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Electrical Characteristics

Absolute Maximum Ratings(1)

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device
reliability. The absolute maximum ratings are stress ratings only.

Symbol Parameter Min. Max. Unit
VIN Power Supply Input Pin Voltage -0.3 28 V
SW SW Sense Input Pin Voltage -1.0 120 V
VDD Internal Regulator Output Pin Voltage -0.3 6.0 \Y
DRV | Gate Drive Output Pin Voltage -0.3 5.5 \Y
SRC Source Sense Input Pin Voltage -0.3 5.5 V
TJ Operating Junction Temperature -40 150 °C

TSTG | Storage Temperature Range -60 150 °C
TL Lead Soldering Temperature - 260 °C
Human Body Mode, i 20 KV
Electrostatic Discharge ANSI/ESDA/JEDEC JS-001-2017 '
ESD -~ !
Capability Charge Device Mode, JED ) 20 KV
ANSI/ESDA/JEDEC JS-001-2018 '

Notes (1):
e Stress beyond those listed under absolute maximum ratings may cause permanent damage to the device.
e All voltage values are with respect to the GND pin

Recommended Operating Conditions @

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance. Elevation does not recommend exceeding them
or designing to Absolute Maximum Ratings.

Symbol Parameter Min. Typ. Max. Unit
VIN Power Supply Input Pin Voltage 3.0 - 24 V
SW SW Sense Input Pin Voltage -1.0 - 120 V
VDD Internal Regulator Output Pin Voltage -0.3 - 5.5 \Y
DRV | Gate Drive Output Pin Voltage -0.3 - 5.5 \Y
SRC Source Sense Input Pin Voltage -0.3 - 5.5 V

Notes (2):

e Functional operation of the device at these or any other conditions beyond those indicated under
recommended operating conditions is not implied, exposure to absolute maximum rated conditions of
extended periods may affect device reliability. All voltage values are with respect to the normal operation
ambient temperature range is from -40°C to +85°C unless otherwise noted.
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NV9701

Electrical Specifications

Vin (Typ.) = Vop (Typ.) =5V, Ta =-40°C to 85°C, and Ta (Typ.) =25°C, unless otherwise specified.

Parameter | Test Conditions | Min. [ Type. | Max. | Unit
Power Supply
VIN_ON Turn-on Input Voltage Vin Rising 2.0 2.2 2.4 \%
VIN_oFF Turn off Input Voltage Vin Falling 1.8 2.0 2.2 \%
liIN_GREEN Quiescent Current No DRV Switching - 200 260 PA
Time Threshold for Power
Tereen® Save - 100 - us
IIn op 20kHz 5v | Operating Current at 5V Fsw = 20kHz, Vin = 5V - 420 520 PA
lin_op_100kHz 5v | Operating Current at 5V Fsw = 100kHz, Vin = 5V - 450 650 A
IN_0P_100K42 20V | Qperating Current at 20V | Fsw = 100kHz, Vin = 20V - 450 - MA
Vbb_on VDD Turn-on Threshold Vb Rising 2.7 2.9 3.1 \Y/
Vbb_oFF VDD Turn-off Threshold Voo Falling 2.5 2.7 2.9 V
VDD Regulation Voltage Vin=12V
Vob_0a WIO Loo 9 oA 4.8 5.0 5.2 v
VDD Regulation Voltage Vin=12V
Voouoms | i 10mA Load lvop=10mA Aar | 49 | 51V
SW Pin Sensing
VTH_oN Turn-on Threshold -405 -250 -95 mV
Ton_pLy @ Turn-on Delay Time - 10 - ns
VTH_OFF Turn-off Threshold 0.01 - 0.8 mV
TorF pLy @ Turn-off Delay Time - 10 - ns
SR Gate Control
Ton_MmIN SR Minimum ON-Time 295 350 405 ns
Ton MIN_H Ton min at Heavy Load 565 650 735 ns
Torr min ® SR Minimum OFF-Time - 0.8 - us
Output Driver
VoL ® Driver Output Low Voltage - - 0.25 \Y;
VoH Driver Output High Voltage 4.85 5.0 VDD V
tr DRV Rise Time C.=10nF, DRV=1->4V 9 20 31 ns
tr DRV Fall Time C.=10nF, DRV=4->1V 3 10 15 ns
Note (3):
Guaranteed by design
NV9701 R2.0, Preliminary Datasheet, Feb 2023 6 of 15
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Typical Performance Characteristics
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NV9701

Typical Performance Characteristics (Continued)

Operating at 65W Flyback Application
VIN= 115VAC, VOUT= 5V, IOUT= 3A

RTM3004; 1336.8794K04; 103454 (01.400 2018-12-11)

Operating at 65W Flyback Application
VIN= 230VAC, VOUT= 5V, IOUT= 3A

RTM3004:; 1336,6794K04; 103464 (01,400 2018-12-71)

Auto
2.5GSafs

Auta
256safs

, CH2: DRV 5V/div,

Operating at 65W Flyback Application
VIN= 115VAC, VOUT= 9V, IOUT= 3A

RTM3004; 1336.6794K04; 103454 {01,400 2018-12-11)

, CH2: DRV 5V/div,

Operating at 65W Flyback Application
VIN= 230VAC, VOUT= 9V, IOUT= 3A

RTME004; 1338 6794K04; 103454 (01.400 2018-12-11)

Auto
2.5Gsafs

Bl Fw+:23724ps
00 ¥

2001

, CH2: DRV 5V/div,

Operating at 65W Flyback Application

VIN= 115VAC, VOUT= 12V, IOUT= 3A

[RTMI004; 1335.8754K04; 103454 (91400 2018-12-11)

Auto 10 s/
2.5GSafs Os

, CH2: DRV 5V/div,

NV9701 R2.0, Preliminary Datasheet, Feb 2023

PWe: 14112 ps
200 o

, CH2: DRV 5V/div,

Operating at 65W Flyback Application
VIN= 230VAC, VOUT= 12V, IOUT= 3A

[RTH3004; 1338.6764K04; 103464 (01400 2018-12-11)
Auto 10ps/

2.5 Gafs 0s

, CH2: DRV 5V/div,
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Operating at 65W Flyback Application Operating at 65W Flyback Application
VIN= 115VAC, VOUT= 15V, IOUT= 3A VIN

RTM3004; 1335 8794K04: 103454 (01400 2018-12-11) 130
Auto 10ps/ iR B Auto 10ps/
2.5Gsafs 127 ps m . 2! 2.5Gsafs 127 ps

Bl P+ 14544 ps

¢
5
20w o

, CH2: DRV 5V/div, , CH2: DRV 5V/div,

Operating at 65W Flyback Application
VIN= 115VAC, VOUT= 20V, IOUT= 3.25A

RTM3004; 1335.6794K04; 103454 (91400 2018-12-11)

Operating at 65W Flyback Application
VIN= 230VAC, VOUT= 20V, IOUT= 3.25A

RTM3004; 1335.6794K04; 103454 (01400 2019-12-11

Auto 10ps/
2.56G5afs 127 ps

Auto
2.5 6Gsafs

, CH2: DRV 5V/div, , CH2: DRV 5V/div,
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Detailed Function Description

Operation

NV9701 supports operation in discontinuous conduction mode (DCM), quasi-resonant (QR) and continuous
conduction mode (CCM) flyback converters. The control circuitry controls the gate of synchronous rectification
(SR) MOSFET on in forward mode and turn the gate off when the SR MOSFET current drops to certain value.

VDD Power Supply

VDD is the supply power for the NV9701, a bypass ceramic (typical 1uF) capacitor should be put closely from
VDD to GND to guarantee the normal operation.

During startup, when Vin rises above Vin_on (2.2V) and VDD rises to Vop_on (2.9V), NV9701 starts to operate
according to its internal logic. When VDD falls below Voo_orr (2.7V) or Vin falls below Vin_orr (2.0V), then NV9701
stops working right away

SR Gate Turn-On Control

As shown in Figure 20, the turn-on of SR GATE is active when the SW sense voltage is lower than turn on
threshold VTH_on (-250mV). To prevent the mis-trigger turn-on of SR MOSFET, a minimum off time Torr miv is
used after SR MOSFET is turned off.

N
VDS_SEC }-enve--- IDS_SEC

S OV e — e

[ e A H >
TON_DLY\’I\:
DRV SR Gate on

T >
Ton_min | \ Torr_ALLow N
T ?
Torr_min TON_ALLOV&
7

Figure 20. SR Turn-On Control Sequence

SR Gate Turn-Off Control
NV9701 will detect the SW voltage, when it is higher than Vtu_orr (OMV), the GATE will be turned off.

NV9701 R2.0, Preliminary Datasheet, Feb 2023 11 of 15
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PCB Layout Guidelines

Optimized PCB layout is key for stable operation. Please refer to following layout guidelines to design your
platform.

Sensing Loop for VSW and VSRC

e Make the sensing path of SW, SRC as short to Drain and Source of SR MOSFET as possible.
¢ Make two independent routing trace to Drain and Source of SR MOSFET directly.

e Make NV9701 device out of the power loop to prevent interrupting from the switching noise.

SR Gate Driver Loop

e Make VDRYV routing trace far away from the switching point (such as Drain and Source of SR MOSFET).
e Minimize the gate driver loop as short as possible to prevent the interference of noise.

¢ Do not make VDRV routing trace on the other side of VSW and VSRC.

Power Supply Loop

Put a low ESR and low ESL decoupling ceramic capacitor from VDD to GND as close to NV9701 as possible
for stable power supply. Figure shows a layout example of a single layer with PowerPAK/SO-8 package SR
MOSFET with SR MOSFET put in low side for reference.

e Inthe PCB layout, RSNUB and CSNUB are the RC snubber network for the SR MOSFET. The VDD
decoupling capacitor (CVDD) is placed close to VDD GND. The sensing loop (SRC, SW to the Source and
Drain of SR MOSFET) is minimized and keep away from the switching power loop.

Layout path

NV9701 L]
. Component Pads
Rgate Jump Wire

Figure 21. Layout with PowerPAK/SO-8 SR MOSFET

NV9701 R2.0, Preliminary Datasheet, Feb 2023 12 of 15
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Package Dimensions

SOT-23-6L (12R) PACKAGE OUTLINE DIMENSIONS

D P
b 0.200
JALW
w o i
A\ =, _-i"“--__ —
e ‘—'-I!IQ—L-__
el
<
'\ A
Symbol Dimensions In Millimeters Dimensions In Inches
Min. Max. Min. Max.

A 1.050 1.250 0.041 0.049
Al 0.000 0.100 0.000 0.004
A2 1.050 1.150 0.041 0.045
b 0.300 0.500 0.012 0.020
c 0.100 0.200 0.004 0.008
D 2.820 3.020 0.111 0.119
E1 1.500 1.700 0.059 0.067
E 2.650 2.950 0.104 0.116
e 0.950(BSC) 0.037(BSC)
el 1.800 2.000 0.071 0.079
L 0.300 0.600 0.012 0.024
0 0° 8° 0° 8°
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Tape and Reel Information
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20-Year Limited Product Warranty

The 20-year limited warranty applies to all packaged Navitas GaNFast Power ICs,
GaNFast HFQR Controllers, and Controller ICs in mass production, subject to the terms
and conditions of, Navitas' express limited product warranty, available at

. The warranted specifications include only the
MIN and MAX values only listed in Absolute Maximum Ratings and Electrical
Characteristics sections of this datasheet. Typical (TYP) values or other specifications
are not warranted.

Revision History

Date Status Notes
Feb. 15, 2023 | PRELIMINARY First publication
Feb. 24, 2023 | PRELIMINARY Second publication

Additional Information

DISCLAIMER Navitas Semiconductor (Navitas) reserves the right to modify the products and/or specifications described herein at any time and at Navitas’ sole discretion. All
information in this document, including descriptions of product features and performance, is subject to change without notice. Performance specifications and the operating parameters
of the described products are determined in the independent state and are not guaranteed to perform the same way when installed in customer products. The information contained
herein is provided without representation or warranty of any kind, whether express or implied. This document is presented only as a guide and does not convey any license under
intellectual property rights of Navitas or any third parties. Navitas’ products are not intended for use in applications involving extreme environmental conditions or in life support
systems. .

Navitas Semiconductor, Navitas, GaNFast, GaNSense and associated logos are registered trademarks of Navitas. E E?. E

.

Copyright ©2023 Navitas Semiconductor. All rights reserved

Contact
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