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Automotive MOSFET DSOP Advance(WF)
Package Heat Dissipation Efficacy and
Precautions When Mounting on a Board

Overview

This document describes the precautions when mounting DSOP Advance (WF) packages that can dissipate heat from the
top and bottom of the package.
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1. Comparison of Packages (DSOP Advance(WF) and SOP Advance(WF))

Table 1-1 shows the main differences between DSOP Advance(WF) and SOP Advance(WF) which have the same
package size. The DSOP Advance(WF) package has a heat sink that can dissipate heat from the top surface of the
package as shown in the Perspective View in Table 1-1. This heat sink is called the "Top plate” (refer to Fig. 1.1).

Table 1-1 Package Comparison Table

DSOP Advance(WF)

SOP Advance(WF)

Package Size

5.0mmx6.0mmx0.76mmt (typical)

5.0mmx6.0mmx0.95mmt (typical)
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Fig. 1.1 DSOP Advance(WF) Top View
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2. Precautions When Mounting DSOP Advance(WF) Package on a Board

DSOP Advance(WF) is equipped with a top plate. When using the top plate to dissipate heat, ensure that the external
stress applied to the top plate of the is less than 10N.

When using Thermal Interface Materials (TIMs), such as thermal grease, between the heat sink and the top plate, make
sure that the TIM will not affect the product, and no leakage current must be caused by the material.

This document introduces the heat dissipation method using the top plate and its efficacy, and the effect of TIM on the
product. However, please note that this document is for reference only and does not constitute any warranty.

The top plate of the DSOP Advance(WF) product is not intended to be soldered to the heat sink.

The top plate of DSOP Advance (WF) products is plated, and after reflow mounting on a board, the top plate of
DSOP Advance (WF) products may become uneven. This is caused by the solidification of molten plating during
reflow mounting. Below is an example of how the top plate looks like after reflow mounting. Please take sufficient
care in designing the clearance between the heat dissipating parts and the top plate.

v & &
#o At
" e 'SE;“'\:“‘

s %0 oo
o et
1 £ NS

Fig. 2.1 View of the top plate after reflow (example)

Note:

When the body or a connecting part of the semiconductor product is subjected to vibration, impact, or stress in the
actual set-up, bonding fault or device destruction may result. Therefore, sufficient consideration is needed in the
mechanical design

If a semiconductor product is subjected to especially strong vibration, impact, or stress, the package or chip may crack.
If stress is incurred by the semiconductor chip through the package, changes in the resistance of the chip may result
due to piezoelectric effect. This can result to fluctuation in the characteristics of the product. Furthermore, if stress is
applied continuously for a long period of time, product deformation may result. This can cause defects, such as
disconnection or product failure.

Thus, at the time of mechanical design, vibration, impact, and stress must be carefully considered.
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3. DSOP Advance(WF) Package Heat Dissipation Efficacy

3.1. Thermal Impedance Evaluation Overview
Representative products of DSOP Advance(WF) and SOP Advance(WF) were mounted on a board, and thermal
impedances (z tch-a)) Were compared.
3.1.1. Evaluated Products
TPWR7904PB : DSOP Advance(WF), Vpss=40V, Ip=150A, MOSFET U-MOSIX
TPHR7904PB : SOP Advance(WF), Vpss=40V, Ip=150A, MOSFET U-MOSIX
3.1.2. Board Design

The boards used in this evaluation were designed as shown in fig. 3.1. The following were considered in the design
of the board:
Typical substrate materials used in automobiles
+ Wiring pattern capable of applying current to the evaluated product

2nd layer 3rd layer

Fig. 3.1 Board Design Used in the Thermal Impedance Evaluation

Substrate material: Equivalent to FR-4

Board size: 2inchxlinch x 1. 6mmt 4-layer board

Copper foil thickness: 1st layer: 75um, 2nd layer: 35um, 3rd layer: 35um, 4th layer: 75um
Mounting solder mask thickness: 150um

3.1.3. Land Pattern
Toshiba land pattern dimension drawings were used as reference for the land patterns.

(.85 {85
E S +  x

Il

Unit: mm

4.8

|
I
I
4.7 |
I il

Fig. 3.2 SOP Advance(WF) and DSOP Advance(WF) Land Dimensions Reference
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3.1.4. Mounting Condition

Fig 3.3 shows the mounting condition. For TPWR7904PB (DSOP Advance(WF)), TIM was used to attach the
aluminum heat sink to the top plate (refer to Fig. 3.4). TIM was applied over the entire sample as expected in actual
use.

Top Mounted Sample Bottom

Mounting solder: Sn3Ag0.5Cu

Fig. 3.3 Mounting of the Product for Thermal Impedance Evaluation

Top plate TIM

Al heat sink

R RRRRRRRRRRRRRRY

Substrate

{1 LRI TITRAALALL]

| [ [

! |

|
Mold resin chip  frame solder

C
C

TIM: Hardening-type thermal grease (5W/m - K) manufactured by Denka Corporation

Fig. 3.4 Cross-section of DSOP Advance (WF) Mounting Condition

Fig. 3.5 and Fig. 3.6 show the mounting condition of SOP Advance(WF), and DSOP Advance(WF) with aluminum
heat sink, respectively. Thermal impedance from the board only (for SOP Advance (WF) package), and from both
aluminum heat sink and the board (for DSOP Advance (WF) package) were compared.

Fig. 3.5 Heat Dissipation from Board Side Fig. 3.6 Heat Dissipation from
Only for SOP Advance(WF) Both Aluminum Heat Sink and
Board for DSOP Advance(WF)
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3.2. Results

Fig. 3.7 shows that by attaching the heat sink to the top plate, the DSOP Advance (WF) package has a better thermal
impedance as compared to SOP Advance (WF) package that has no top plate.

100
Aluminum heat sink is attached
TIM: Thermal grease (5W/m - K) made by Denka
o Corporation T T
E TIM thickness = 0.4mm _‘____________,_#..---""" ,//’
8 10 ——— =
Q- - -~
£ _ =l -
— B = EEESL —
g a /” / .--""-'-- .
2 4 1A Up to approximately 76%
a 5 ,/’: Cppe T ' H
|8 P:J—'I: T~ ~ Al heatsink ::
8 AT m - U
- L~ I e —
@ i | Substrate
E 01 / Maldresin  chip  frame alder E'
E I I L L LLLLL I I L 111
o L ——TPHR7904PB SOP Advance(WF) Heat dissipation from the substrate
- —TPWR7904PB DSOP Advance(WF) Heat dissipation from the substrate and top platef;
0.01 | R | R L1 it L1 1 | R L 111l
0.001 0.01 0.1 1 10 100 1000
Pulse width t(s)
Fig. 3.7 Improvement of Thermal Impedance When Top Plate is Used and a Heat Sink is Attached
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3.3. Comparison of Thermal Impedance with Different TIM Thickness

The effect of changing the distance between DSOP Advance(WF) top-plate and the heat sink (and the thickness of
TIM) on the heat dissipation properties was confirmed.

3.3.1. Evaluation Materials

In order to make a more effective comparison of the effects of the heat sink, the board shown in Fig. 3.8, which is
smaller than the board described in Chapter 3.1.2, was used for evaluation.
For the board, a material equivalent to FR-4 was used, and for the TIM, a non-hardening type was used.

Substrate material: Equivalent to FR-4

Board size: linchxlinch x 1. 6mmt 4-layer board
Copper foil thickness: 35um in all layers

Mounting solder mask thickness: 150 pm

TIM: Thermal grease (5.1W/m - K) non-hardening type

1st layer 3rd layer 4th layer
wasaw . o [ BERA

o,

2nd layer

SRS,
o 5

) vevia (0)
) % 4
BN ~
s b bt hh
7 Bt
O il
MM BB

840 G qo0
v ed
%9

Fig. 3.8 Board Design Used in the Evaluation of the Effect of TIM thickness to the Thermal Impedance

3.3.2. Thermal Impedance with Different TIM Thickness Evaluation Results

Fig. 3.9 indicates that from 0.1s to 200s pulse width, the thinner the TIM layer, the smaller the thermal impedance is.
In addition, Fig. 3.10 shows the dependence of thermal impedance to TIM thickness at t=3s.

100
. —— TIM thickness = 0.1mm
O — TIM thickness = 0.4mm
5 TIM thickness = 0.8mm 11
g— 10 | — TIM thickness = 1.2mm
.(_—_U s i T TTTT -'l
g9
| -
271
9-, \CQ_’/ . - Top plate TIM i
S
-lLé—l> E /’ i . g TIM thickness Il
§ - / | Substrate EEE
O Mold resin ch‘ip frame so\lﬁer :
0.01 I 1 I N A 1 B N
0.001 0.01 0.1 1 10 100 1000
Pulse width  t(s)
Fig. 3.9 Thermal Impedance with Different TIM thickness Evaluation Result
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As shown in fig. 3.10, the thermal impedance decreased by about 45% when the TIM thickness was changed from
1.2mm to 0.1mm. By thoroughly examining the TIM and other peripherals, and by keeping the amount of TIM as
thin as possible, the thermal impedance can be reduced.

=3s

5 ———
A
)

« l\‘/

Approx. 45% reduction when changing TIM thickness
of approx. 1.2mm to approx. 0.1mm

0 S S SN BN B BN

0 0.2 04 0.6 0.8 1 1.2 14
TIM thickness (mm)

—
% /
y

O3 —
N

<

<

<

<

£

N

Chanel-to-case thermal impedance at t

Fig. 3.10 Dependence of Thermal Impedance on TIM Thickness

Note:
For actual design, determine the TIM thickness based on variations in dimensions and dielectric strength. For
precautions on heat dissipation design, refer to the following application notes: "Hints and Tips for thermal Design”
"Hints and Tips for thermal Design part2”, and "Hints and Tips for thermal Design part3”.
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4. Confirmation of Reliability When Mounted on a Board

4.1. Reliability Test Evaluation Overview

Temperature Cycle Test was conducted to confirm if the thermal stress does not lead to device failure.
Pressure Cooker Test (PCT) and High-Temperature and High-Humidity Biasing Tests (THB) were also conducted to
confirm if chemical effects (chemical attacks) from TIM-containing materials do not lead to device failure.

4.2. Materials Used

4.2.1. Evaluated Product
TPWR7904PB : DSOP Advance(WF), Vpss=40V, 1p=150A, MOSFET U-MOSIX

4.2.2. Thermal Interface Materials (T1Ms)

TIM_A: Thermal grease manufactured by Denka Corporation (5W/m - K)
TIM_B: Thermal grease manufactured by Co. A (5.1W/m - K)

TIM_C: Thermal grease manufactured by Co. B (4.0W/m - K)

* All three TIMs were evaluated at TIM thickness ~ 0.4mm.

4.2.3. Mounting Solder
Solder: Sn3Ag0.5Cu

4.2.4. Mounting Condition
Fig. 4.1 shows the mounting condition of the sample after the aluminum heat sink was attached using a TIM. The
board used in Chapter 3.1.2 was also used in this evaluation, and the construction of the sample is the same as in

Chapter 3.1.4. TCT was performed while the board was facing down.

Sample appearance Sample appearance Sample appearance
(Mounting surface) (Back side) (side)

Fig. 4.1 Mounting Condition of Test Sample on DSOP Advance(WF) TCT Board
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4.3. Reliability Test Evaluations Conditions

Table 4-1 Reliability Test Evaluations Conditions

Evaluation time / Use Test
Test item Test conditions Number of TIM Number of | Failure criteria
cycles samples
Gas phase, Ta=-40°C to 125°C TIM_A 22pcs Table 4-2
TCT Temperature retention time is 20 minutes. 3000cycle TIM_B 22pcs Failure
No temperature gradient control TIM_C 22pcs Judgment
Ta=85°C, Rh=85% TIM A | 22pcs Criteria
THB | Vbs =40V (100% rated voltage) 2000 hours TIM_B 22pcs
TIM_C 22pcs
203 to 255kPa TIM_A 22pcs
PCT | Rh=100% 192 hours TIM_B 22pcs
TIM_C 22pcs

4.4. Failure Criteria

Failure was assessed in reference to the AEC Standard, AEC-Q101 rev-D1, made by the Automotive Electronics
Council, an in-vehicle electronic device reliability certification organization in the United States. Failure judgment
criteria are shown in Table 4-2.

Table 4-2 Failure Judgment Criteria

. Gate .
. Drain-sources Drain-sources
leak rren Drain cut-off curren hreshol .
Gate leakage current ain cut-oft current breakdown voltage threshold on-resistance
Voltage
*lgss Ipss V(BR)DSS Vin Robsony

Within 5 times initial (*), and

TCT

Data sheet specifications shall not be exceeded.

THB

PCT

Within 10 times initial (*), and
Data sheet specifications shall not be exceeded.

Within £20% of initial variation, and
Data sheet specifications shall not be exceeded.

* For gate leakage current and drain cutoff current, if the initial value is 100nA or less, the initial value will be

4.5. Reliability Tests Results
As shown in Table 4-3, no defects were identified per TIM.

Note:

Table 4-3 Reliability Test Results

Number of
Test item TIM used | failures/number of

samples

TIM_A 0/22pcs

TCT TIM B 0/22pcs
TIM C 0/22pcs

TIM_A 0/22pcs

THB TIM B 0/22pcs
TIM C 0/22pcs

TIM_A 0/22pcs

PCT TIM_B 0/22pcs
TIM C 0/22pcs

100nA, and the failure judgment value is obtained by multiplying 100nA by the scaling factor shown in the
table.

The results of these tests are for reference only, and all mounting methods and materials were not verified.
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4.6. Appearance Check (Additional check)

Surfaces and cross-sections of the solder joints were observed to check for cracks after TCT, and it was confirmed
that the solder joints had no significant defects when the aluminum heat sink was attached using a TIM.

Fig. 4.2 Solder Condition After 3000 cycles of TCT

Fig. 4.3 Cross-section of Terminals after 3000 cycles of TCT
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Notes on Contents

1. Evaluation Results
The results found in this document are for reference purposes only.

2. Charts and tables
Some illustrations, tables, etc. were omitted for explanatory purposes.

3. Materials used for evaluation
Some parts and materials used for evaluation were omitted for explanatory purposes.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

o TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e 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.

e 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.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS 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 AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting 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, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE,
TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our
website.

* Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e 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.

e 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.

e ABSENT AWRITTEN 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 applicable export laws and regulations
including, without limitation, 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.

o 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.

TOSHIBA ELECTRONIC DEVICES & STORAGE CORPORATION

https://toshiba.semicon-storage.com/
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