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Power MOSFET in Detail

2.

Construction and Characteristics
Since Power MOSFETs operate principally as majority carrier devices, adverse influences are
relatively small magnitude or importance. This is in contrast to the situation with minority carrier
devices, bipolar transistors, where such effects create more serious design problems. Also, the input
impedance of power MOSFETs is basically higher than that of junction type FETs.
Even though the power MOSFETs have high speed, at the beginning of their development it was
thought to be difficult to make devices characterized by low resistance, high breakdown voltage and
high power. However, in recent years power MOSFETs from 60 V/70 A to 1000 V/12 A become
available and are widely used as ideal switching devices.

2.1

Power MOSFET Construction
Power MOSFETs are classified into three major types as shown in Figure 2.1.
Figure 2.1 (a) shows a type of construction which is an extension of the small-signal MOSFET
and with which high breakdown voltage is obtained using ion junction technology and the offset
gate construction. However, this approach is disadvantageous from the viewpoint of the long
channel required and the consequent loss in efficiency of surface area utilization.
Figure 2.1 (b) shows the product of a method called D-MOS (double diffusion MOS) which is
used to form the channels by using double diffusion. High breakdown voltage can be obtained by
using this technology.
This D-MOS construction uses double diffusion on a high-resistance drain substrate, which
diffuses the gate area and the source area. The difference in depth of diffusion between the gate
and the source area is used as the channel. When the gate-drain junction is formed in this way,
there are fewer impurities on the drain side.
When drain voltage is applied, the depletion area extends considerably to the drain side but
cannot easily extend to the channel side; therefore, breakdown voltage drop due to
punch-through is prevented, and this structure makes possible high breakdown voltage even
with an extremely short channel.
D-MOS takes the drain electrode from the back surface of the substrate, achieving high
integration and high power. In addition, the cascade connection of a power MOSFET and a
junction FET makes it possible to reduce the reverse transfer capacitance of the power MOSFET.
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High breakdown voltage and large current are easier to achieve with this D-MOS construction
than with the former two methods Figure 2.1 (a) and (c). Mass production at low cost is also
possible; therefore, the technique portrayed in Figure 2.1 (b) is now widely used as the basic
construction for power MOSFETs for ordinary power amplification applications.
Figure 2.1 (c) is the trench power MOSFET structure. High-integration is achieved by
connecting channel vertically and this structure is capable of low ON-resistance.
Low-voltage power MOSFETs use this structure.
(a) Lateral construction

(b) Double diffusion construction
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Figure 2.1 Power MOSFET Construction

2.2

Power MOSFET Features
Main features of power MOSFETs are shown as follows:
a)

MOS type FETs are basically majority carrier devices; consequently, they differ greatly from
bipolar transistors which are minority carrier devices.

b)

MOS type FETs are not current controlled devices as are bipolar transistors. They are
voltage controlled devices and are controlled by the voltage applied between the gate and
source.

c)

Since they are majority carrier devices, high-frequency switching operation is possible
because there is no storage time-lag due to the carrier storage effect.

d)

With bipolar transistors, current concentration occurs in the high-voltage area and junction
failure occurs due to secondary breakdown. Therefore, bipolar transistors require
considerable derating. Power MOSFETs, on the other hand, have a negative temperature
coefficient which makes it difficult for secondary breakdown to occur, making these devices
highly resistant to failure and thus enabling use right up to the maximum rating.

e)

When power MOSFETs are used for switching operations, their switching times, that is, the
rise and fall times, of power MOSFETs are one order of magnitude faster than those of
bipolar transistors; therefore, turn-ON and turn-OFF loss are much smaller than those of
bipolar transistors.
Incidentally, the ON resistance of power MOSFETs has a positive temperature coefficient;

therefore, heat sink and thermal expansion design is necessary, taking into consideration the
RDS (ON) at high temperatures.
Table 2.1 shows a comparison between bipolar transistor and MOSFET as to drive method,
switching time, safe operation area, breakdown voltage, ON voltage, parallel connection and
temperature stability.
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Table 2.1 Comparison between Bipolar Power Transistors and Power MOSFETs
Bipolar Power Transistor

Power MOSFET

D

C
B

Symbol

G
E

S

Products in use

Very numerous

Growing rapidly

Product cost

Construction is relatively simple, an advantage in
the long term.

Construction is more complex than that of bipolar
transistors. This and the slightly larger chip size
increases cost.

Drive

Fairly complex due to current drive. Also it
influences switching time and makes selection of
drive conditions difficult.

Voltage drive, so extremely simple. Load current
and safe operation range are unrelated.

Switching time

Minority carrier device, therefore slow.

Much faster than bipolar transistors. No storage
time and no influence from temperature.

Safe operation area

Restricted due to risk of secondary breakdown.

Basically restricted by power dissipation (equal
power lines).

Breakdown voltage
(collector-emitter,
drain-source)

Determined by VCEX (VCBO) for most circuits.
Rating is 1.2 to 2.0 × VCE.

Limited by VDSS except when the gate of a
trench-structure MOSFET is inversely biased with
VGS (limited by VDSX)

ON voltage

Extremely low, even for high breakdown voltage
devices. Temperature coefficient is normally
negative.

Can be extremely low for low breakdown voltage
devices, but is somewhat higher for high breakdown
voltage devices. Positive temperature coefficient.

Parallel connection

Difficult due to current balance relationship.

Some caution required, including equalization of
oscillation or switching time, but parallel connection
is possible.

Temperature stability

hFE rises and VBE falls along with temperature rise,
so some caution is required.

Extremely high stability in relation to the
temperatures of various parts.
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RESTRICTIONS ON PRODUCT USE
• Toshiba Corporation, and its subsidiaries and affiliates (collectively “TOSHIBA”), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively “Product”) without notice.
• This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA’s written permission, reproduction is permissible only if reproduction is without alteration/omission.
• Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product,
or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all
relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for
Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for
the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their own product
design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or
applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams,
programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating parameters for
such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.
• Product is intended for use in general electronics applications (e.g., computers, personal equipment, office equipment, measuring
equipment, industrial robots and home electronics appliances) or for specific applications as expressly stated in this document.
Product is neither intended nor warranted for use in equipment or systems that require extraordinarily high levels of quality and/or
reliability and/or a malfunction or failure of which may cause loss of human life, bodily injury, serious property damage or serious public
impact (“Unintended Use”). Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used in the
aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, devices related to electric
power, and equipment used in finance-related fields. Do not use Product for Unintended Use unless specifically permitted in this
document.
• Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.
• Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.
• The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.
• ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.
• Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation,
for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction weapons). Product and related software and technology may be controlled under the Japanese Foreign
Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or related software
or technology are strictly prohibited except in compliance with all applicable export laws and regulations.
• Product may include products subject to foreign exchange and foreign trade control laws.
• Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations.

