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MOSFET

History of FET Technology and
the Move to NexFET™

The advantage comes from the low-input gate charge

Introduced as a substitute for bipolar transistors, power MOSFETs were used as an elec-
tronic switch for power management applications. A power MOSFET has a high input
impedance. This means it is a voltage-controlled, unlike the current-controlled, bipolar
switch. In other words, a power MOSFET can achieve high switching speed even when

using a low-power driver. With time, the power MOSFET became the most popular power

switch for applications requiring input voltage lower than 200V.

By Jacek Korec and Chris Bull, Power Stage Group, Texas Instruments

As the power MOSFET’s performance improved, it followed the evo-
lution of CMOS technology introduced in the late ‘70s to produce
integrated circuits. Typically, power FET technology uses depreciated
CMOS foundries, following the leading edge with a time delay in the
order of three-to-five years with a feature size of: 1ym, 0.8um,
0.5pm, 0.35um, 0.25um, 0.18 pm, etc. Geometry scaling leads to
drop-in supply voltage of very large scale integrated (VLSI) circuits
used in electronic applications like computing, portable electronics
and telecommunications. As a consequence, power supply converter
topologies moved towards lower voltage, higher current and a need
to better control the power level delivered to the load.

The first-generation of macrocell power MOSFET transistors, double-
diffused MOSFET (DMOS), was successfully introduced into the mar-
ket in the early ‘80s by International Rectifier. This technology was a
vertical MOSFET with a planar gate structure, known as planar
power MOSFET. The second-generation of macrocell technology,
TrenchFET® introduced by Siliconix, became popular in the ‘90s. This
technology delivered an improved switch resistance (Rpson). Trench-
FET technology has a clear superiority over DMOS in terms of resist-
ance and gate charge for a specific product when designed for a
drain voltage capability lower than 100V. The dominant low-voltage
technology in the market today, nearly all power MOSFET suppliers
offer it. Low-switch resistance reduced the conduction power loss in
the supply circuits. However, switching loss, which is very important
in switch-mode power supply (SMPS), remained the main obstacle.
By the end of ‘90s, in order to reduce cost, size and improve per-
formance such as transient response of the whole power manage-
ment system, the converter’s switching frequency needed to be
increased.

A third-generation of macrocell power MOSFET technology recently
introduced by Texas Instruments, NexFETTM technology, offers a
specific Rpgon competitive to the TrenchFET, which reduces the
input and Miller capacitances significantly. Low capacitances mean
low input gate charge and short voltage transients during switching.
This new generation MOSFET reduces switching losses in SMPS
applications and enables operation at high switching frequencies.
This technology is most advantageous at 30V and below, which is
desirable for distributed bus architectures prevalent in today’s end
systems.
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The difference between DMOS and TrenchFET transistors is illustrat-
ed in Figure 1. A DMOS device has a planar gate structure and takes
advantage of a vertical current flow between the source and drain
electrodes placed at the front and back side of silicon die. Current
flows under the planar gate, then turns down between the P-body
regions and flows vertically through the epitaxial layer to the sub-
strate. The lightly doped epitaxial layer easily supports high break-
down voltage. Vertical current flow allows large current densities to
be handled as opposed to the difficulties in scaling up the area of
MOSFETSs with lateral layout. The basic cell’s pitch or lateral dimen-
sion is relatively wide in order to keep enough spacing between the
P-body regions.

Large spacing is important to minimize the JFET effect created by the
body regions to opposed PN junctions. The DMOS transistor’s Rpson
is built up by the channel region’s resistive contributions underneath
the gate, the JFET effect between P-body regions, and the epitaxial
layer’s and substrate’s resistance. The higher the breakdown voltage
designed into the device, the larger the epitaxial layer’s resistive con-
tribution. In a device designed for low-voltage applications, the MOS
channel’s resistive contribution and JFET region are becoming more
significant.
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Figure 1:
Comparison of planar DMOS and TrenchFET device structures

In a TrenchFET, the MOS channels are designed along the vertical
walls of the trenches. This allows for a high density of channels per
silicon unit. By removing the JFET structure, the cell pitch can be
made small, reducing the specific Rpson (MOSFET resistance per
area). In the late ‘90s, the transistor’s low Rpson made TrenchFET
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technology a de facto standard area for low-voltage power MOS-
FETs. However, the large trench wall area leads to a large value of
built-in capacitors. When the trench bottom overlaps the epitaxial
layer, which is part of the drain terminal, it creates a large capaci-
tance from gate-to-drain (CGD). This is a major drawback, especially
if a high switching speed is required.

At the onset of the 21st century, the trend towards DC/DC converters
with higher switching frequencies ignited a demand to minimize
MOSFET-related switching losses. Developing TrenchFET structures
continues. The first improvement incorporated a thick oxide at the
trench bottom, reducing the Miller capacitance (CGD) value. Even
more significant improvement was achieved by splitting the gate elec-
trode and connecting the lower part to the source terminal. The lower
part of the gate electrode has a shielding effect, decoupling the gate
from the drain to significantly reduce CGD. By mid-2000, this second
version of the trench power MOSFET structure dominated low-volt-
age power management applications.

The third-generation or NexFET power MOSFETs delivers a break-
through in the switch’s dynamic performance (see Figure 2). This
device has its roots in the LDMOS transistor used for RF signal
amplification in a frequency range up to 2GHz. To achieve this level
of dynamic performance, it is critical to reduce the Miller capacitance
to single picofarads. The overlap of the gate electrode over the lightly
doped drain extension (LDD) is kept at a minimum. Additionally, the
unique topology of the source metal wrapping the gate electrode and
creating a field-plate element over the LDD region makes an effective
electrostatic shield between the gate and drain terminals.

MexFET

The field-plate created by the source
metal is also important in stretching
out the distribution of the electric
field along the LDD surface. This
feature lowers the height of the elec-
tric field peak at the drain corner of
the gate electrode. By doing so, the
hot-carrier effects of creating reliabil-
ity issues in the conventional
LDMOS devices are avoided. The
LDD region itself is designed follow-
ing the charge balance design rule.
Here, doping in the LDD region is
counter-balanced by the charge in the depleted deep-P region, and is
additionally influenced by the source field-plate. The charge balance
approach allows the carrier concentration in the LDD region to be
increased by roughly one order of magnitude.

Figure 2: NexFET device
structure

The Rpson of NexFET devices take advantage of the short MOS
channel and short length of the highly doped LDD region. Moreover,
the small cell pitch achieved by the contemporary fine line lithogra-
phy makes the specific Rpson of NexFET devices competitive to
TrenchFET technology. The advantage of the NexFET approach
comes from the low-input gate charge and very low CDG values, not
achievable with the TrenchFET devices.

NexFET™ Performance

NexFET technology provides excellent figure of merit (FOM) values
so important for SMPS applications. The classic way to judge how
good a power MOSFET platform technology is in switching applica-
tions is to look at the resistance multiplied by the total gate charge or
the Miller capacitance. The recent history of FOM improvements and
breakthroughs achieved by introducing NexFET technology is illus-

MOSFET

trated by Figure 3. TrenchFET technology, after almost two decades
of development, shows a saturation effect in the tempo of the FOM
improvements. The NexFET approach, being at its early stage of
maturation, promises on-going improvements for the foreseeable
future.

FOM = Rds,on{4.5V) * Qgd{4.5V)
0

25 4

I |
Trench-FET

FOM

10 |
NexFET
54 — ——
o ! :
2002 2004 2008 2008 2010 2012
Year

Figure 3: Comparison of FOM for TrenchFET and NexFET technolo-
gies

The level of improvement made possible by implementing NexFET
devices is demonstrated in Figure 4, which shows the efficiency of a
six-phase synchronous buck 12V converter running at 635 kHz. In
general, simply dropping-in these devices into an existing application
allows up to double the switching frequency of a DC/DC converter
without significant penalty in conversion efficiency. Further advantage
can be achieved by dedicated optimization of driving conditions as
dictated by the gate driver circuit.
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Figure 4: Superior efficiency of a 6 phase converter enabled by
NexFETs

Conclusion

NexFET technology is a new generation of silicon-based power
MOSFETSs with an inherently low-charge structure, which increases
efficiency in existing switching converters as well as enabling the
next generation of switching power converters with multi-megahertz
operation.
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For more information about NexFET technology, visit:
www.ti.com/mosfet-ca.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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