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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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The application circuits and their parameters are for reference only and are not intended for use in actual design-in’s.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.
NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.
While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.
NEC devices are classified into the following three quality grades:
"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated "quality assurance program" for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.
Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots v
Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)
Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.
The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.
Anti-radioactive design is not implemented in this product.
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1. INTRODUCTION

Electronics equipment continues to grow lighter, thinner, shorter, and smaller, to require less energy, and to cost
less.

In most electronics equipment, the power supply is the largest and heaviest unit. Improvement of the power
supply unit, therefore, brings important benefits. When power supplies changed from series regulators to switching
regulators, a need arose for a lighter, thinner, shorter, and smaller high-performance device suited to the switching
regulator.

The power MOSFET deserves attention as the device best suited to future switching regulators. In fact, it is
already in use for such applications. Power supply units for some new equipment use power MOSFETs instead of the
conventional bipolar transistors. This trend is expected to grow rapidly.

This data sheet describes the features, structure, ratings, and characteristics of a power MOSFET; shows circuits
using power MOSFETSs in place of bipolar transistors; and provides notes for use of the power MOSFET.



2. FEATURES

a. High gain

Because it is a voltage drive type, this device enables direct high-power control with ICs such as CMOS.

b. High-speed switching, low loss

Device characteristics enable easy high-speed switching, low on-state resistance, and parallel operation.

High switching speed, 10 to 100 times faster than that of a bipolar transistor, reduces switching loss.

Low on-state resistance characteristic provides smaller losses in the low-current area than those of bipolar
transistors.

Positive temperature coefficient of on-state resistance enables easy parallel operation. The loss of each
device is then 1/N? for N equal to the number of devices operating in parallel.

c. Large SOA
® Unlike bipolar transistors, power MOSFETs suffer no secondary breakdown, so voltage and current values

remain within the rated power (fixed).

® The sustained energy is about 1000 times larger than that of bipolar transistors reducing the failure rate

during manufacture and use of the switching regulator.

In addition to the above application features, power MOSFETs offer:

® Established basic design

Theoretical analyses are well established, so theory closely matches practice.

This facilitates CAD and design simulation.

Most advanced manufacturing process

Power MOSFETs benefit from the most advanced semiconductor technology, that of MOS LSI techniques
(such as CVD, ion implantation, and fine process techniques). Further improvements in performance
can thus be expected in the future.

Because it is easy to obtain stable process conditions with high repeatability, uniform quality and high

reliability are ensured.

3. STRUCTURE

Gate Source
N
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Figure 1. Power MOSFET structure



To control high current, a power MOSFET consists of thousands to ten thousands of FET cells arranged in
parallel on one chip. NEC mainly employs the double-diffused MOSFET (DMOSFET) construction shown in figure
1 for:

a. Easy attainment of high-voltage protection

Figures 2 and 3 show MOSFET operations at power-ON and power-OFF respectively.

In & DMOSFET, the gate electrode covers the N~ layer of the drain, separated by a silicon oxide layer,
so that a depletion layer connects the adjacent cells at low voltage to form a potential surface as a planar
junction parallel to the chip surface. Resistance to high voltages is determined not by the individual cell but
by the perimeter structure surrounding multiple cells. Structures employed for bipolar transistors such as
guard ring shown in figure 4, can thus be easily applied for protection against high voltages.
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Figure 2. Figure 3. Figure 4.
Power-On Condition Power-OFF Condition Power MOSFET Guard

Ring Structure

b. Low Rps(on)
Not only does a DMOSFET device have inherently low ON resistance because of its vertical structure,
but also IC/LSI technology can be applied to form the cells for even lower ON resistance by reducing the
cell size.

c. Large sustaining energy
As previously described, when a DMOSFET switches off, multiple cells form planar junctions surrounded
by a guard ring. The resistance characteristic between the drain and source therefore causes breakdown with
no current concentration, so uniform power is generated through the entire chip to obtain high sustained
energy resistance.
The DMOSFET thus offers the best structure among MOSFETs for meeting the needs of switching devices.
This structure has been proven best by its employment by most power MOSFET manufacturers around the
world.



4. RATINGS AND CHARACTERISTICS

Power MOSFETs are superior to bipolar transistors in many ways. The data below compare power MOSFETs
with bipolar transistors with regard to sustaining voltage, SOA rating, and switching characteristics.

4.1 Vps(sus)

DMOSFET resistance to high voltages is determined by the cell perimeter without the need of a special high cell
structure. The breakdown characteristic therefore shows avalanche breakdown current flowing mostly in the
perimeter at low current and across the entire chip at high current. That is, it exhibits a steep VDS-1DS characteristic
as shown in figure 5. The DMOSFET does not allow breakdown current flow for the entire chip to concentrate
in a cell area as does an avalanche diode.

In a bipolar transistor, on the other hand, hgg has a positive temperature coefficient. When breakdown current
flows, therefore, it is amplified and concentrated on a specific area. This is called secondary breakdown. Figure
6 shows the sustaining voltage and current of a bipolar transistor. Power MOSFETs have an important advantage in
that they are not subject to secondary breakdown.

Power MOSFETs have a sustaining energy resistance about 1000 times larger than that of bipolar transistors of
the same chip size and with the same high-voltage resistance. (See figure 7.)

Table 1 shows test results for sustained resistances of the 25K854 and 25C2335.
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CT Table 1. Sustaining Energy Comparison

L
OO0 T&j’
Sustai L
Product name | Sample ustain R
energy (mJ) (See fig. 7)
L L4 2SK854 No. 1 45 100 uH
3
No. 1 VCEO(sus) 1.3
VCEX(sus) 0-14
2SC2335 100 uH
No. 2 VCEO(sus) 32
VCEX(sus) 0-2

Figure 7. Sustaining Energy Test Circuit

4.2 SOA Rating

Bipolar transistors suffer current concentration because of local temperature increases in the chip that cause
it to operate abnormally. This phenomenon is exhibited by a hot spot on the chip that causes secondary break-
down, lowering the allowable loss in the high-voltage region.

Power MOSFETs, on the other hand, do not suffer current concentration and abnormal operation; they maintain
an SOA rating shown by parallel power lines, because the ON resistance has a positive temperature coefficient.
The transmission characteristic shown in figure 8 indicates the negative temperature dependence in the high-current
region. Figure 9 shows typical SOA values.

Figure 10 shows an SOA rating example for the 2SK854. As shown in this figure, the power MOSFET has almost
no current concentration, so the current rating can be extended within the allowable power loss.
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4.3 Switching Characteristics

Power MOSFET devices have only one polarity for operation. Switching can thus occur at higher speeds than
in bipolar transistors, which have two operation polarities. As shown in figure 11, power MOSFETs have input
capacitance (Ciss), output capacitance (Coss), and reverce transfer capacitance (Crss) dictated by their structure.

Switching time can thus be determined by the im

pedance to drive these capacitances.

Figures 12 and 13 and Table 2 show a switching-time test circuit, switching-time definition example, and the
switching characteristics of the 25K854 and 2SK735, respectively.

Figures 14 and 15 compare the current and

temperature dependence of switching times of a bipolar transistor

and power MOSFET. The switching time of the power MOSFET does not depend on temperature, thus allowing

easy circuit design.

Drain Ciss = CGS +CGD

D
CeD Coss = CDs + CGD

‘/—‘ Crss = CGD
Gate t c
G 9 DS
c S
GS Source
© s
Figure 11.

Parasitic Capacitance of Power MOSFET
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Figure 12,
Switching Time Test Circuit
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Figure 13. Switching Time Definition Example

Table 2. Switching characteristics of 25K854 (5 A, 450 V, TO-220) and 2SK735 (10 A, 450 V, MP-88)

Standard Characteristics
Item Abbr. Unit Conditions
2SK854 2SK735

Input Capacitance Ciss 700 1270 pF Vpg =10V
Output Capacitance Coss 175 320 pF Vgg=0
Reverce Transfer Capacitance Crss 40 70 pF f=1MHz
Turn-On Delay Time t 10 15 ns
non belsy Tim dfon) Vee =150 V. VGs(ion) = 10V
Rise Time tr 15 20 ns Rip =108
Turn-Off Delay Time td(off) 40 60 ns 25K8B4: Ip=25A, R =600

: 28K735: Ip=5A, R_L=30Q
Fall Time tf 15 30 ns
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5. APPLICATION TO SWITCHING POWER SUPPLY

This section introduces the performance of a power supply that conventionally consisted of bipolar transistors
and was converted to power MOSFETs without changing the circuit configuration.

Figure 16 shows a line operation switching power supply using the uPC494C control IC with a bipolar transistor
to drive the power MOSFETs. This is an 80-kHz circuit originally operated by bipolar transistor 25C2751. Now, it
is controlled by a power MOSFET. Note the following disadvantages:
® Bias voltage is insufficient because the turn ratio of drive transformer T2 is designed to drive bipolar transistors.
® The turnoff speed has increased so the spike voltage may be excessive.

The turn ratio of drive transformer T2 is 1:1. This ratio provides about 10 V as the gate bias voltage of power
MOSFET 2SK482.

Photograph 1 compares waveforms for each location in the 2SC2751 and 2SK482; Table 3 shows the measured
data and temperature rise comparison. As these show, a switching power supply using even power MOSFETs one
rank lower than the prior bipolar transistors demonstrates improved efficiency.

Figure 17 shows a regulator circuit using switching regulator control uPC1094C, designed exclusively for power
MOSFETs.

The uPC1094C has the following features:

Usable at switching frequencies up to 500 kHz.
® (Capable of direct drive of the power MOSFET at high speed because of the large-output-capacity (1.2 A peak)

totem-pole output circuit.

Low current consumption (standby current of 1.6 maximum).

Remote control circuit and various protection circuits incorporated.

Table 4 summarizes specifications of the 2S5K720A.

Table 4. 2SK720A Specifications

ftem Symbol Condition Standard Unit
Drain to Source Voltage VDss Vgs=0 250 \
Drain Current ID(DC) +20 A
Drain to Source On-State Resistance RDs(on) Vgs=10V, Ip=10A 0.23 max. Q
Input Capacitance Ciss Vpg=10V, Vgg=0 1650 typ. pF
Reverse Transfer Capacitance Coss f=1MHz 550 typ. pF
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Table 3. Comparison Between Switching Time and Case Temperature of 80-kHz Switching Regulators

Product Name
2SC2751 238K482

Item
Package MP-80 TO-220

tr 0.26 us 0.05 us
Switching Time

tf 0.30 us 0.08 us
Case Temperature Rise ATe 56 °C 21°C

6. NOTES FOR USE

The higher the voltage resistance becomes, the larger (by the square of the voltage resistance) the ON resistance
of power MOSFET. For this reason, the voltage resistance is distributed to minimize the ON resistance. The voltage
resistance margin for a power MOSFET is therefore smaller than that of a bipolar transistor, as shown in Figures
5 and 6. The bipolar transistor has a Vcgx about 1.5 times larger than the rated value, preventing the voltage
from reaching Vcex. This feature may prevent fajlure of a bipolar transistor. A power MOSFET, on the other
hand, may fail because the power loss at breakdown easily exceeds the rated value, even if it has no concentration
of breakdown current and has large sustained energy resistance. Please bear this in mind for circuit design.

19



[MEMO]

20




	COVER
	1. INTRODUCTION
	2. FEATURES
	3. STRUCTURE
	4. RATINGS AND CHARACTERISTICS
	4.1 VDS (sus)
	4.2 SOA Rating
	4.3 Switching Characteristics

	5. APPLICATION TO SWITCHING POWER SUPPLY
	6. NOTES FOR USE

