NSRO5F40QNXTS5G

Schottky Diode Optimized
for High Frequency
Switching Power Supplies

These Schottky barrier diodes are optimized for low forward

ON Semiconductor®

voltage drop and low leakage current and are offered in a Chip Scale http://onsemi.com
Package (CSP) to reduce board space. The low thermal resistance
enables designers to meet the challenging task of achieving higher 40 V SCHOTTKY
efficiency and meeting reduced space requirements.
Features BARRIER DIODE
® [ow Forward Voltage Drop — 420 mV @ 500 mA
® [ ow Reverse Current — 15 uA @ 10 V VR 10—j¢—o0 2
® 500 mA of Continuous Forward Current CATHODE ANODE
e ESD Rating — Human Body Model: Class 3B
— Machine Model: Class C 2 MARKING
® High Switching Speed % DIAGRAM
® Equivalent Processing and Electrical Performance as / PIN 1
NSROSF40NXT5G =
® These Devices are Pb—Free, Halogen Free/BFR Free and are RoHS (%38122) g] 05:!;13
Compliant CASE 152AC

Typical Applications
P PP .. 05F40 = Specific Device Code
LCD and Keypad Backlighting YYY = Year Code

Camera Photo Flash

[ ]

[ ]

® Buck and Boost dc—dc Converters
° ORDERING INFORMATION
[ ]

Reverse Voltage and Current Protection

Clamping and Protection Device Package Shippingt
Markets NSRO5F40QNXT5G DSN2 5000 / Tape &
® Mobile Handsets (Pb-Free) Reel
® MP3 Players tFor information on tape and reel specifications,

.. including part orientation and tape sizes, please
® Digital Camera and Camcorders refer to our Tape and Reel Packaging Specifications
® Notebook PCs & PDAs Brochure, BRD8011/D.
® GPS

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 40 \%
Forward Current (DC) IF 500 mA
Forward Surge Current IFsm A
(60 Hz @ 1 cycle) 10
Repetitive Peak Forward Current IFRM 4.0 A
(Pulse Wave = 1 sec, Duty Cycle = 66%)
ESD Rating: Human Body Model ESD >8 kV
Machine Model > 400 \Y

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

© Semiconductor Components Industries, LLC, 2013 1 Publication Order Number:
May, 2013 - Rev. 1 NSR05F40Q/D



THERMAL CHARACTERISTICS

NSRO5F40QNXT5G

Characteristic Symbol Min Typ Max Unit
Thermal Resistance
Junction-to—Ambient (Note 1) Roya 240 °C/W
Total Power Dissipation @ Tp = 25°C Pp 521 mwW
Thermal Resistance
Junction-to—Ambient (Note 2) Roya 94 °C/W
Total Power Dissipation @ Tp = 25°C Pp 1.3 w
Storage Temperature Range Tstg —-40 to +125 °C
Junction Temperature Ty +150 °C
1. Mounted onto a 4 in square FR-4 board 50 mm sqg. 1 oz. Cu 0.06” thick single sided. Operating to steady state.
2. Mounted onto a 4 in square FR-4 board 1 in sq. 1 oz. Cu 0.06” thick single sided. Operating to steady state.
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
Reverse Leakage IR uA
(Vg=10V) 15
(Vr=40V) 75
Forward Voltage VE \
(Ir =100 mA) 0.340 0.360
(Ir =500 mA) 0.420 0.460
Vak N
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Figure 1. Voltage Waveform of Schottky Diode in Boost Application
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NSRO5F40QNXT5G
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NSRO5F40QNXT5G

APPLICATION SECTION

Introduction

As wireless devices become smaller and thinner more
compact, energy efficient, solutions are necessary. To
reduce the solution size many people will integrate various
discrete devices into the IC. While this may physically
reduce the part count this has some adverse side effects, such
as performance degradation. The best way to improve the
solution is to use optimized discrete devices that have been
shrunk and electrically optimized. In this paper we will
discuss the intricacies of choosing an optimized schottky
diode for wireless devices.

First a discussion of high frequency boost converters as an
application is explored. Then various trends in space saving
and energy saving design will be discussed. Finally a stress
test and a bench tests are shown.

Background — Application

Most mobile phones use white LEDs to backlight the LCD
display. These white LEDs typically have a forward voltage
near 3.6 V. Since the typical power source in a mobile phone
is a single—cell Li—Ion battery that has an input voltage range
of 2.7 V to 4.2 V. Since more than one LED is required to
backlight a LCD panel either a single string (~up to 10 LEDs
in series) or multiple strings of LEDs (~ up to 10 LEDs in
series) in parallel are used.

An example of a single string inductive boost circuit is
shown in Figure 6. Typically, a very small voltage is
measured over a precision resistor in series with the LEDs
to feedback the output operation condition to the controller.
Many of today’s controllers integrate the transistors and the
diode to save space.

Figure 6. Simplified Typical Single Channel
Converter

Space Saving Ideas

The real issue with integrating all of the devices into the
controller is that these power devices have an increased
junction temperature compared to the controller. This
increased junction temperature can lead to reliability issues
due to the limited thermal conductivity of I.C. packages.

Another method for shrinking the size of an inductive
boost application is to increase the switching frequency.
When the switching frequency is increased a lower value
inductors can be used to keep a constant inductor current

ripple. Lower value capacitors can be used because they
become re—charged more frequently.

Unfortunately the transistor and the diode still need to
carry the same average and peak currents. The LEDs for a
backlight are generally set between 20 — 150 mA. This
means that the transistor and diode need to conduct up to and
above 1 A of current. If every element shrinks with
exception to the diode and FET then all of this effort is for
nothing. ON Semiconductor’s High Frequency optimized
schottky diodes solve this problem.

Using ON Semiconductor’s Optimized Schottky
Diodes

To continue to reduce space requirements for a
non-integrated, inductive boost circuit, a diode and a
transistor with low power dissipation during operation in a
package with high thermal conductivity is necessary. With
the compact nature of wireless applications the space is very
constrained and there is no place for a large heat sink (so a
thermally efficient package is required).

Typically for a 1 A diode with a Rgya = 86°C/W a SMA
package is used. The SMA package is 5.21 mm x 2.60 mm
x 210 mm (L x W x H). ON Semiconductor’s new
optimized Schottky diode line these packages have a Rgya
=85 C/W and are only 1.4 mm x 0.6 mm x 0.27 mm (L x W
x H). This means that the same power can be dissipated in
only 8% of the total space. Not only is there is a thermal
conductivity density advantage but there is also a
performance improvement with these new optimized
Schottky diodes.

Thermal Stress Testing Bench Results

Before being tested a set of NSROSF40QNXT5G Boost
Optimized Schottky diodes were characterized for forward
voltage and reverse current over temperature. Next these
diodes were placed in a “1 MHz” Boost converter, operating
at near 750 kHz.

To augment the electrical stress seen on the
ON Semiconductor Schottky Diodes an inductive boost
regulator was set up with the following criteria: Input
Voltage = 2.3 'V, Output Voltage = 32 'V, Output Load Current
=150 mA, L1 = 10 pH. This will cause higher than normal
currents to conduct through the diode.

To further augment the stress seen by the Schottky diode
a thermal component to the test was added when the
Schottky diodes were mounted to external PCBs with only
a minimum footprint pad size. Twisted, shielded pair cable
with an inductance of less then 0.125 uH attached the diode
PCBs to the “1 MHz” Boost board. This additional
inductance is modeled in Figure 7 as Lapral and Lpara2 and
seen as ringing. These cables allowed for the diode to run
inside of an oven set to 85°C for 48 Hours.

After the 48—hour test was completed the diodes were
taken back to the characterization lab for a post condition

http://onsemi.com
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NSRO5F40QNXT5G

analysis. This analysis showed that there was no shift in any
of the parameters, forward voltage, reverse leakage current,
and capacitance.
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Figure 7. Reverse Leakage Characteristics
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Finally these diodes were placed in the same circuit at 25C
for 1 week of continuous operation. The screen shots below
in Figures 9 and 10 show the operation on the first day of
continuous operation and 5 days respectively.
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Figure 9. NSRO5F40QNXT5G on Day 1 at 25°C
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Figure 10. NSRO5F40QNXT5G on Day 5 at 25°C

The graphs below shown below demonstrate the Pre and
Post—Stress characterization graphs and how that there was
no change in the part performance.
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Figure 8. Forward Current Characterization

To further evaluate the performance, a thermal camera
was used to take pictures of the NSROSF40QNXTS5G during
heavy load operation and 25°C. As seen in Figure 11 the case
only got to 29.2°C. This translates to less than 20 mW of
total power dissipation.

Figure 11. Case Temperature of NSRO5F40NXT5G in
Operation at 25°C, 150 mA 34 V Output

With a heavy load condition (up to 1.2 A) through the
NSRO5F40QNXTS5G on a minimum pad size the ambient
temperature can rise up to 145°C and not degrade the
performance. Using ON Semiconductor’s new ultra low
profile Wireless Boost Application Optimized Schottky
diodes will increase the overall efficiency and battery life
while reducing board size and cost associated with thermal
pads.

http://onsemi.com
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NSRO5F40QNXT5G

PACKAGE DIMENSIONS

DSN2, 1.0x0.6, 0.575P, (0402)
CASE 152AC
ISSUE C

NOTES:
1. DIMENSIONING AND TOLERANCING PER
ASME Y14.5M, 1994.
2. CONTROLLING DIMENSION: MILLIMETERS.
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DIMENSIONS: MILLIMETERS

See Application Note AND8464/D for more mounting details

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.

ON Semiconductor and ‘) are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC owns the rights to a number of patents, trademarks,
copyrights, trade secrets, and other intellectual property. A listing of SCILLC’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. SCILLC
reserves the right to make changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without
limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications
and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. SCILLC
does not convey any license under its patent rights nor the rights of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where
personal injury or death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and
its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly,
any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture
of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.
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O6LLecTBO C orpaHMYeHHON oTBETCTBEHHOCTBIO «MocHuny WMHH 7719860671 / KIMNM 771901001
Appec: 105318, r.Mockea, yn.LLlepbakoBckas 4.3, odmc 1107

[aHHbIn KOMMNOHEHT Ha TeppuTopun Poccuinickon depepauumn

Bbl MoxeTe npuobpectu B komnaHun MosChip.

[lnsa onepaTtuBHOro ocdopmnenus 3anpoca Bam HeobxoomMmo nepenT No faHHON CChISKe:

http://moschip.ru/get-element

Bbl MoxeTe pa3mecTuTb Y Hac 3aka3 and nboro Bawero npoekTa, 6yab To
cepuiiHoe Npomn3BOACTBO MM pa3paboTka eguHUYHOro npubopa.

B Hawem acCcCopTnMeHTe npencTasiieHbl Begywmne MmpoBblie NMPoOnN3BOANTENIN aKTUBHbIX U
NacCUBHbIX 3JTIEKTPOHHbIX KOMIMOHEHTOB.

Hawen cneumanusauuen sBnseTcs NOCTaBKa 3N1EKTPOHHOMW KOMMOHEHTHON 6a3bl
OBOWHOro Ha3HayeHus, npoaykummn Takmx npounssoantenen kak XILINX, Intel
(ex.ALTERA), Vicor, Microchip, Texas Instruments, Analog Devices, Mini-Circuits,
Amphenol, Glenair.

CoTpynHMyecTBO € rnobanbHbIMU OUCTPUOLIOTOPaMN 3NEKTPOHHBIX KOMIMOHEHTOB,
npegocTraBnseT BO3MOXHOCTb 3aKa3blBaTb 1 MOfly4aTb C MEXAYHAPOOHbIX CKNaaos
npakTuyecku nobon nepeyeHb KOMNOHEHTOB B ONTUMarbHble aAnsa Bac cpoku.

Ha Bcex aTanax pa3paboTKu 1 NPOM3BOACTBA HalLW NapTHEPbI MOTYT NOMy4YnTb
KBanumunpoBaHHy NOAAEPXKY OMNbITHbIX UHXEHEPOB.

Cuctema MeHeXMeHTa KayecTBa KOMNaHum oteevaeT TpeboBaHNAM B COOTBETCTBUM C
rOCT P MCO 9001, TOCT PB 0015-002 n 3C P, 009

Odomc no pabote c OPUANHECKUMU NTULLAMMU:

105318, r.Mockea, yn.lWepbakosckaa a.3, ocdomc 1107, 1118, AL, «LUepbakoBcKkuniny»
TenedoH: +7 495 668-12-70 (MHOrokaHanbHbIN)
dakc: +7 495 668-12-70 (006.304)
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