ISSN: 1863-5598 ZKZ 64717
08-10

Bodo s Power sysins-

Electronics in Motion and Conversion August 2010

NexFET™
Power Block
CSD8635005D

Texas
INSTRUMENTS

=
I L T

B
[
.
[= -9
| T |




22

COVER STORY

Advancing Silicon Performance
Beyond the Capabilities of
Discrete Power MOSFETs

Combining NexFET™ MOSFETs with stacked die techniques
significantly reduceds parasitic losses

The drive for higher efficiency and increased power in smaller form factors is being
addressed by advancements in both silicon and packaging technologies. The NexFFET™
Power Block combines these two technologies to achieve higher levels of performance,

and in half the space versus discrete MOSFETs. This article explains these new technolo-
gies and highlights their performance advantages.

By Jeff Sherman, Product Marketing Engineer, and Juan Herbsommer,
Senior Member of Technical Staff, Texas Instruments

End equipment users from servers to base stations are becoming more
concerned about efficiency and power loss as well as their impact on
annual operating costs. This means that designers must improve effi-
ciency throughout the power conversion process. Traditional approach-
es to improve efficiency in DC/DC synchronous buck converters
include reducing conduction losses in the MOSFETs through lower
Rps(on) devices and lowering switching losses through low-frequency
operation. The incremental improvements in Rpson) are at a point of
diminishing returns and low Rps(on) devices have large parasitic
capacitances that do not facilitate the high-frequency operation
required to improve power density. The NexFET Power Block is
designed to leverage the NexFET power MOSFET’s significantly lower
gate charge and an innovative stacked die packaging approach to
achieve dramatic performance improvements.

New Power Silicon

The major losses that occur within a MOSFET switch in a typical syn-
chronous buck converter consist of switching, conduction, body diode
and gate drive losses. The switching losses are primarily caused by
the parasitic capacitances formed within the structure of the device.
The conduction losses are a result of the device’s resistance
(Rps(on)) when in the enhanced mode of operation. The body diode
losses are a function of its forward voltage and reverse recovery
(Qrr). Gate drive losses are determined by the Qg of the

MOSFET. Therefore, the parasitic capacitances and the Rps(on)
determine the performance of the device in a specific application.
The most common technology used in today’s low-voltage MOSFETs
is the Trench-FET® (see Figure 1). The Trench-FET is known for its
ability to achieve ultra-low resistance for a specific die size over the
planar technology that it replaced. The only negative was that its par-
asitic capacitances actually increased. The large area of the trench
walls makes it difficult to keep the internal capacitances small. The
resulting high capacitances force designers to choose between a low
operating frequency to optimize the efficiency and high frequency
with better power density.
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Figure 1: MOSFET structure comparison

In 2007, the NexFET power MOSFET was introduced. The NexFET
can achieve a similar specific on resistance to the Trench-FET tech-
nology, while reducing associated parasitic capacitances by about
fifty percent. The NexFET device finds its roots in a laterally diffused
MOSFET (LDMOS) and combines vertical current flow to achieve
high-current density. A closer look at the structure shown in Figure 1
reveals that the area underneath the gate has minimum overlap over
source and drain regions, keeping the internal capacitances small.
The reduced capacitances result in lower charges (Qg, Qgs, Qgd)
required to switch the device. Therefore, the device switches faster,
reducing switching losses within the MOSFET. With less energy
required from the drive circuit, driver losses are reduced. The Miller
charge (Qgd) within the device impacts its switching losses as well as
determines the switch’s ability to avoid C dv/dt turn on, which can fur-
ther reduce efficiency and potentially damage the MOSFETs. The
extremely low Qgd in the NexFET device minimizes turn on time and
the potential for C dv/dt.
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New Power Packaging

The NexFET power MOSFET takes a step toward creating an ideal
switch by reducing parasitic capacitances. In order to maximize the
performance of a typical synchronous buck converter, we need to
minimize the parasitic inductances and resistances in the power cir-
cuit formed by the two MOSFETs in the power stage. This is accom-
plished through an innovative packaging approach in the NexFET
Power Block where the MOSFETSs are actually stacked on a ground-
ed lead frame with two copper clips (see Figure 2). The resulting
power block package has characteristics that make it unique in the
power electronics industry. The package accomplishes four primary
functions: small footprint, very low parasitics, excellent thermal per-
formance, and solid reliability.

Figure 2: Source down technology allows MOSFETSs to be stacked

To achieve a small footprint and the lowest parasitics possible, a
stacking topology is used in the NexFET Power Block package
design. A source down silicon technology allows high-side die to be
stacked on top of the low-side transistor to implement a synchronous
buck converter topology in a very simple and cost-effective manner.
The low-side die is attached to the main pad of the lead frame, pro-
viding the ground connection of the MOSFET pair (see Figure 3). The
low-side drain is connected to the outside through a thick copper clip
that constitutes the device’s switching node (Vsw). On top of the thick
copper clip we solder die attached the high-side MOSFET, which also
uses a source down technology. Finally, another thick copper clip
connects the high-side drain (V| of the buck converter) to the
device’s external pins. The gate connections are made using Au wire
bonds (Tg and Bg), and TgRr is the top gate return to the IC driver.
Tar is the switching voltage node sense signal that allows the IC
driver to properly bias the high-side MOSFET gate.

Figure 3: A cross sectional view of the NexFET Power Block illus-
trates a unique packaging approach

This package has an excellent electrical performance, which is criti-
cal in achieving high efficiency. Contributions to high efficiency can
be summarized as:

1) Using thick copper clips for high-current connections (Vy and

Vsw), which substantially reduce the device’s Rps(on) in compari-
son with wire-bonded solutions. This also reduces conduction losses.
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2) Thin silicon dies substantially reduce conduction losses by
dropping the contribution of the device’s substrate to Rps(on).-

3) The stacked configuration virtually eliminates the parasitic induc-
tance and resistance between high- and low-side MOSFETS; and
using thick copper clips substantially reduce parasitics associated
with the V|y and Vs connections when compared to wire-bonded
solutions. For a more detailed view of the package parasitics, refer
to Figure 4. In general, reducing or even eliminating the buck con-
verter’s internal parasitic allows the system to switch faster and
work at higher frequencies because of the reduced switching
losses.

GHND

Figure 4: NexFET Power Block parasitic model package

The NexFET Power Block thermal performance is excellent with a
measured thermal resistance junction to case Rgyc = 2°C/W and
thermal resistance junction to air Rgja = 50°C/W. The main reason
behind these low-thermal resistance values are the reduced silicon
thickness and thick copper clips that help to conduct heat generated
to the package exterior. One might think that the stacked topology
could increase the junction temperatures, especially on the high-side
transistor. However, thermal measurements and simulations show
that in normal operation the high-side junction temperature is only a
fraction of a degree above the low-side die junction temperature. For
example, in an experiment with the NexFET Power Block mounted in
a typical application board with two Watts dissipated in the low-side
die and one Watt dissipated in the high side, the top-side MOSFET
junction is only 0.4°C higher than the junction of the low-side device.
The results are reasonable considering that the thermal resistance
between the die is extremely low, and the clips are conducting a sub-
stantial part of the heat generated by the stack to the package exteri-
or.

Thermal performance combined with its lower power losses allow the
NexFET Power Block to operate at similar temperatures to competi-
tive solutions using two discrete MOSFETSs. Figure 5 compares the
measured temperatures of the NexFET Power Block versus a pair of
MOSFETs. Both circuits operated under similar conditions and the
Power Block’s junction temperature was cooler than the discrete low-
side MOSFET, and slightly hotter than the high-side device.

Another important characteristic is the package’s impressive reliability
performance. The power block has passed the following reliability
tests:
* 1,000 cycles of temperature cycling —40 to 125°C
(three cells of 77 units)
* 10,000 cycles of power cycling, delta junction temperature = 100°C
(three cells of 77 units)
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* 96 hours of autoclave, 121°C/100% RH (three cells of 77 units)
* 1,000 hours of THB, 85°C/85% RH (three cells of 77 units)
« 1,000 hours of HTRB, 150°C/80% rated VDS
(three cells of 77 units)
* 1,000 hours of HTGB, 150°C/80% rated VGS
(three cells of 77 units)
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Leading competitors devices

Figure 5: Thermal comparison of discrete MOSFETs versus the
CSD86350Q5D NexFET Power Block

The combination of the silicon die thickness, bill of materials and a
detailed design of the lead frames and clips results in a very reliable
device that can sustain extreme temperature cycles and humidity lev-
els without impacting performance.

New Power Solution

Combining the source down NexFET technology and the stacked die
packaging technique significantly reduces the associated parasitics
and creates a synchronous buck power block capable of outperform-
ing discrete MOSFET transistors. The power block achieves over two
percent higher efficiency at 25 amps than two discrete NexFETs with
similar conduction and switching characteristics (see Figure 6).
Efficiency peaks at over 93 percent and is 90.7 percent at 25 amps.
The higher efficiency translates into more than a 20 percent reduction
in power loss. The reduced power loss improves thermal perform-
ance and reduces system operating costs, or can be used to enable
higher frequency operation to improve power density.

Efficiency @ W, = L2, Vi, = 5.0,V = 1.3V, f;,, = S004Hz, Ly, = 0.3pH, T, = 258C
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Figure 6: NexFET Power Block significantly improves efficiency over
similar discrete MOSFETs

Beyond improving performance and reducing board space by 50 per-
cent versus discrete MOSFETSs, the NexFET Power Block simplifies
the development effort. In discrete implementations, care must be
taken in the layout when connecting the two devices to reduce induc-
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tance — now this concern is eliminated. The pinout allows easy place-
ment of discrete components. This includes locating input capacitors
close to the package, and the output inductor with the noise generat-
ing switch node on the opposite side of the package from the input
capacitor and PWM controller IC. The NexFET Power Block also
benefits from a grounded lead frame that should improve thermal
performance and reduce electromagnetic interference (EMI). These
attributes can help designers to achieve first-time success when
designing with the NexFET Power Block.

References

1. “Next Generation of Power MOSFETSs,” Jacek Korec and Shuming
Xu, Power Electronics Europe, May 2009: http://www.power-
mag.com/pdf/issuearchive/29.pdf.

2. “NexFET: A New Power Device,” S. Xu, J. Korec, C. Kocon, D.
Jauregui, Texas Instruments, International Electron Devices meet-
ing, December 2009.

3. “History of FET Technology and the move to NexFET,” Jacek
Korec and Chris Bull, Bodo’s Power Systems, May 2009:
http://www.bodospower.com/pe/restricted/downloads/bp_2009_05.
pdf.

4. “Novel thermally enhanced power package,” Juan Herbsommer,
Texas Instruments, APEC 2010:
http://focus.ti.com/lit/wp/slva420/slva420.pdf.

Learn more about NexFET technology here: www.ti.com/nexfet-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 TI 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 TI 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 TI 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 Tl for that product or service voids all
express and any implied warranties for the associated TI 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:
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Peripherals
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Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense
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