REN ESAS Application Note

Power MOSFETs
TOLL and TOLT Comparison of Thermal Performance

About this document

This document compares the thermal performance of automotive power MOSFETs in the TOLL (TO-
Leadless) package and its derivatives, including the TOLT (TO-Leaded Top-side Cooling) package. The
information presented in this document is intended to serve as a comprehensive guideline for designing high-
power automotive systems.

Target Device
e Renesas TOLL Power MOSFET
e Renesas TOLT Power MOSFET
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Power MOSFETs TOLL and TOLT Comparison of Thermal Performance

1. Introduction

1.1 TOLL Package

The TOLL (TO-Leadless) package is a cutting-edge solution designed to optimize the performance of
Power MOSFETSs in power electronics applications. Its standout feature is its compact size, achieved by
eliminating traditional lead components found in conventional packages like TO-220 or TO-247. This reduction
in footprint is particularly advantageous in space-constrained environments.

Furthermore, the absence of leads enhances thermal performance by facilitating more efficient heat
dissipation, crucial for high-power applications. Lower thermal resistance translates to reduced operating
temperatures, enhancing the MOSFET's reliability and lifespan. The TOLL package also boasts improved
electrical performance with low parasitic inductance and resistance, minimizing switching losses and improving
efficiency, especially in high-frequency applications.

Figure 1. TOLL Package

1.2 TOLT Package

The TOLT (TO-Leaded Top-side Cooling) package represents an alternative approach to thermal
management, particularly suited for high-power applications where efficient heat dissipation is paramount.
Unlike the TOLL package, the TOLT package features a top-side cooling design, allowing for direct attachment
of a heat sink or cooling apparatus to the MOSFET's top surface. This configuration significantly enhances
thermal conductivity and heat dissipation, leading to lower operating temperatures and increased reliability.

Despite its top-side cooling arrangement, the TOLT package maintains a relatively compact form factor,
making it suitable for applications where space is limited. Its compatibility with various types of heat sinks
provides flexibility in thermal management strategies, allowing engineers to tailor cooling solutions to specific
application requirements.

Figure 2. TOLT Package
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2. Test Environment Setup

In this evaluation, both TOLT and TOLL evaluated samples are utilized with same chip. This evaluation is
conducted with 48V power line evaluation board, the BLDC motor inverter board. The evaluation board used
for TOLT and TOLL samples are different evaluation board where only the footprint of MOSFETSs is different,
while the circuitry is the same. The MOSFETs are soldered on the board as part of half bridge inverter
configuration. The thermal performance of the MOSFET is captured during the operation. The ambient
temperature is set at 25°C and without cooling fan is used throughout the evaluation carried out.

Heatsink

Figure 3. TOLL MOSFET Mounting Setup

Heatsink

TOLT MOSFET

Figure 4. TOLT MOSFET Mounting Setup

The cooling setup of TOLL and TOLT MOSFET when soldered on evaluation board as shown in Figure 3
and Figure 4 respectively. The MOSFETSs is cooled from 1 side only in this evaluation. The heatsink is attached
to the evaluation board through screw tighten with torque force of 20cN-m. A layer of 2W/m-K thermal interface
material (TIM) with thickness of 0.5mm is apply between the MOSFET and the heatsink. There are thermistors
on the evaluation board located close to the MOSFET area as shown in Figure 5. The reading of the thermistors
also being captured to monitor the heat dissipate to the surrounding especially to the PCB during operating
the evaluation board.
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Figure 5. Thermistors (NTC1, NTC2 & NTC3) is located near to power MOSFET
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2.1 Heat Dissipation Explained

The heat transfer pathways from the junction to the heatsink differ between TOLL and TOLT MOSFET, as
illustrated in Figure 6. In the TOLL setup, heat generated at the junction first conducts through the drain plate,
then traverses the mold compound encapsulating the MOSFET before reaching the Thermal Interface Material
(TIM) layer. The TIM acts as a medium, connecting the MOSFET to the heatsink for efficient heat dissipation
into the surrounding environment. Conversely, in the TOLT configuration, heat from the junction travels directly
from the drain plate to the TIM layer, streamlining the transfer process. Subsequently, the heat dissipates into
the heatsink and eventually into the ambient air.

While both configurations effectively facilitate heat transfer from the semiconductor junction to the ambient
environment, TOLT generally offers a more direct and efficient pathway due to its structural design. However,
it's crucial to ensure that the TIM used in the TOLT package is of high quality and applied correctly, as it
significantly influences the efficiency of heat transfer from the MOSFET to the heatsink.

It's important to note that the heat generated is not only dissipated upwards to the heatsink but also towards
the PCB. Compared to TOLL, TOLT dissipates less heat towards the PCB since it's separated by mold
compound. Consequently, the PCB temperature of TOLL during operation will be higher compared to TOLT.

L A\
Heatsink Heatsink

TIM TIM

Drain Plate Mold Compound

Mold Compound Drain Plate

PCB

Indicator:

|:> Heat Transfer Path

Figure 6. Cross sectional diagram of MOSFETSs setup (Left: TOLT; Right: TOLL)
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3. Thermal Result
3.1 MOSFET Operating Temperature

The temperature of the MOSFET is recorded during the operation of the inverter board. The inverter
operates at a frequency of 10kHz and is powered by a 48V input. The main focus is on monitoring the
temperature fluctuations of the MOSFET during operation, achieved by incrementally varying the load current
from 10A to 50A in 10A intervals. Figure 7 shows the operating temperature of TOLL and TOLT during the
evaluation.

Operating Temperature Variation of TOLL & TOLT
with Inverter Load Current

130 1

116.2°C
120 -

110 - =

100

90 A 45%

Drop
80 -

70 A v

60 1 =@=TOLL
O,
64.3°C TOLT

Temperature (°C)

50 1

40 A

30 1

20 T T T T T ]
0 10 20 30 40 50 60
Load Current (A)

Figure 7. Temperature of TOLL and TOLT in response to inverter load current

The thermal performance analysis shows distinct trends in both MOSFETSs. As the load current increases,
temperatures rise for both components. However, TOLL consistently exhibits higher temperatures compared
to TOLT across all load conditions. For instance, at a load current of 50A, TOLT registers a temperature of
64.3°C, which is 45% lower than TOLL's temperature of 116.2°C. This discrepancy can be attributed to the
differing heat dissipation mechanisms. As elucidated in section 2.1, the heat generated in TOLL traverses
through the mold compound, thereby increasing the thermal resistance for dissipating heat into the ambient
environment. In contrast, heat from TOLT directly transfers to the thermal interface material (TIM) layer,
facilitating efficient dissipation into the ambient environment through the heatsink. Consequently, the results
underscore the superior thermal characteristics of TOLT compared to TOLL.
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3.2 PCB Temperature

The PCB temperature reflect the rising in MOSFETs temperature. The heat generated in the MOSFET
during operation disperses not only towards the heatsink but also transfers towards the PCB. Due to structural
differences, the junction of TOLL is closer to the PCB compared to TOLT, whereas TOLT features a layer of
mold compound before reaching the PCB. Figure 8 illustrates the PCB temperature at the MOSFET area on
the inverter board during operation under similar conditions. Across load currents ranging from 10A to 50A,
the PCB temperature of TOLL consistently exceeds that of TOLT. In particular the NTC2 thermistor reading,
at a load current of 50A, TOLT's PCB temperature measures 66.3°C, a notable 39% lower than TOLL's
temperature of 109.1°C. This indicates that TOLL dissipates more heat towards the PCB, resulting in less
effective heat dissipation into the ambient environment.
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Figure 8. PCB temperature (thermistor reading) of TOLL and TOLT in response to

inverter current load
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4. Conclusion

TOLL and TOLT represent two distinct variants of MOSFET packages, each possessing unique thermal
characteristics. TOLL packages are typically chosen for scenarios where space is at a premium and efficient
heat dissipation is crucial. Their compact size makes them well-suited for applications demanding high power
density. Despite their small footprint, TOLL packages still offer decent thermal performance by allowing direct
mounting onto a PCB, facilitating heat dissipation through the board. However, their effectiveness may be
somewhat limited compared to TOLT packages due to their reduced thermal mass. On the other hand, TOLT
packages are commonly employed in situations where effective thermal management is paramount. Designed
with top-side cooling in mind, these packages enable efficient heat transfer from the device to a heatsink or
another cooling mechanism mounted on top. This design feature makes TOLT packages highly suitable for
applications requiring robust thermal dissipation, particularly in high-power automotive scenarios.

In summary, the choice between TOLL and TOLT packages hinges on the specific requirements of the
application. TOLL packages are favored for their compact size and moderate thermal performance, whereas
TOLT packages excel in situations where superior thermal management capabilities are needed to handle
high-power applications.
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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 or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are
responsible for evaluating the safety of the final products or systems 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. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, 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.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
www.renesas.com www.renesas.com/contact/.
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