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1. Introduction to TOLL package

TOLL package is surface mount package developed for applications that require high-efficiency, such as servers,
telecoms, and data centers, as represented by industrial power supplies.

Until now, through hole package with long terminal leads, such as TO-247 and TO-220, have been mainly used as
high voltage MOSFET package for industrial power supplies, but there have been problems with the MOSFET
performance that was limited due to the parasitic inductance of the terminal leads. In addition, various SMD (Surface
Mount Device) packages have been released increasing further power density and to reduce the cost, but these package
adoption has been limited due to heat dissipation and on-board reliability problem.

Our TOLL package is surface mount package that solves these challenges for high-efficiency, high-current
applications. By incorporating our newest-generation Super Junction MOSFET process DTMOSVI Series, it will
contribute to improve the power density, performance, and cost reduction of our customer’s products.

1.1. TOLL Package Lineup
Five products equipped with the high performance DTMOSVI series. Table 1.1 shows the lineup of TOLL packages.

Table 1.1 TOLL Package Lineup

Absolute maximum i
. . . Input Conventional
rating Drain-source Total gate Gate-drain . .
- - . capacitance series
Drain- Drain on-resistance charge charge
Product Ciss (DTMOSIV
Package | source current Rbsony max Qq Qg
Number e Typ. D2PAK)
voltage (DC) @Ves=10V Typ. Typ.
Vv | @ (nC) (nC) (pF) Product
DSS D @Vps=300V Number
(%) (A
TK065U65Z TOLL 650 38 0.065 62 17 3650
TK090U65Z TOLL 650 30 0.090 47 12 2780
TK110U65Z TOLL 650 24 0.110 40 11 2250
TK155U65Z TOLL 650 18 0.155 29 8 1635 TK20G60W
TK190U65Z TOLL 650 15 0.190 25 7.1 1370 TK16G60W

2. Product performance improvement

2.1. DTMOSVI device performance

Our newest generation super junction MOSFET process DTMOSVI(Deep Trench MOSFET, the sixth generation)
achieves best in class RpsonyxQgd performance. As shown in Fig.2-1, we have reduced RpsonxQgd by about 40%
compared to our previous-generation product DTMOSIV-H. Also, we confirmed the parts have superior characteristic
compared to competitors' high-performance series products (Company A Partl and Part2).

100
TK62N60W
(600V, 40mQ(max),
DTMOSIY, TO-247)
60 TN N - Part1, Company A
TK62NG0X (600V, 40mQ(max), TO-247)

(600V, 40mQ(max),
— DTMOSK -H, TO-247) |- _ Part2, Company A
@] -] (650V, 45mQ(max), TO-247)
= =
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< 30 - _ 1
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_/ - I s
Ry, . s o
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Fig.2-1 Qgd-Rps(on) characteristics comparison
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Because of best in class RpsonxQgd characteristic, we realize more efficient power supply compared to our
previous-generation products and competitors' high-performance series products (Company A Part3), as shown in Fig.
2-2.

Test Condition:

1.6kW Power supply (PFC)
Output Voltage : 12V DC

External Gate resistance : Rg=10Q
Switching Frequency : fsw=66kHz

010% Vin=AC230V 010% Vin=AC180V

0.05% TK040Z65Z(650V, 40mQ(max), DTMOS VI, TO-247-4L) 0.05% TK04OZG5Z(GW

0.00% & o < 0.00% e g
- 91.6% 95.1% Part3, 93.3% - 91.2% 94.6% Part3, 92.5%
8-005% | @200W @300W Company A @ 1600 &-005% | @200w @aoow ~ Company A @1600W
S (650V, 45mQ, TO-247-4L) S (650V, 45mQ, TO-247-41)
'S -0.10% 'S -0.10%
b= &
g -015% 4 -015%

-0.20% -0.20%

-0.25% -0.25%

-0.30% -0.30%

0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800

Output Power (W) Output Power (W)
Fig.2-2 Efficiency Comparison Data 1.6kW Power Supply

2.2. Effect of 4-Terminal Package

2.2.1. 4-Terminal Package Structure, Drive Mechanism

Fig.2.3 shows the internal circuit configuration and the external view of TOLL package. TOLL package is a
4-terminal type with the source terminal separated into source 1 and source 2, and the 2-pin Source 2 terminal can be
used for the return of the gate signal, and you can connect the 3 to 8-pin Source 1 terminal, which are used the
drain-source current path.

Fig2-4 shows driving outline for a 4-terminal type TOLL package comparing to a 3-terminal type package when these

are switching.
In 3-terminal package, steep-slope drain currents and source wire inductance create a voltage drop (Vis) that reduces
MOSFET gate drive voltage (Vgs). Therefore, the gate voltage Ves applied to the actual MOSFET chip is a Vprv-Vis
obtained by subtracting Vs from the gate voltage Vprv applied between the gate terminal and the source terminal of the
package. On the other hand, in TOLL package, by separating the source pins for the drive circuitry, the effects of voltage
drop (Vis) due to the source inductance can be reduced, and you can maximize the high-speed switching performance of
MOSFET chip.

09

2o— &

©3.4,5,6,7.8 ?

1: Gate

2: Source 2
3,4,5,6,7,8: Source 1
9: Drain (heatsink)

Fig.2-3 TOLL Package Pinout, External View
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Fig.2-4 Driving outline of 4-terminal package

2.2.2. 4-Terminal Package Switching Loss Reduction Effect

Fig. 2-5 and 2-6 compare the Inductive-load switching waveforms between four-terminal-type TOLL package
(TK090U6B5Z) and three-terminal-type TO-247 package (TKO90N65Z) which is not divided source line into a gate signal
line and a power line. The mounted chips are same.

From the turn-on waveform shown in Fig. 2-5, we have confirmed that the turn-on loss Eon improves by 68% by
reducing the effect of the back electromotive force (Vis) caused by the source inductance as described earlier. Similarly,
the turn-off loss Eoff on turn-off waveform shown in Fig. 2-6 has been improved by 56%.

We have confirmed that the amplitude of the gate voltage oscillation is reduced significantly on a turn-off waveform.
This oscillation waveform is due to the back electromotive force caused by the source inductance, which can be reduced
by dividing the source line into the gate signal line and the power line. Since this gate-voltage oscillation affects the
electromagnetic noise of the power supply, by using TOLL package also contributes to reduce their noise in customer's
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Fig.2-5 Inductive Load Turn-on Waveform Comparison (TO-247 TKO90N65Z vs TOLL TK090U65Z)
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Fig.2-6 Inductive-Load Turn-off Waveform Comparison (TO-247 TKO90N65Z vs TOLL TK090U652)

3. TOLL package mounting

3.1. Package Dimensions and Reference Pad Dimensions

Fig.3-1 shows the package dimensions and Fig.3-2 shows the reference pad dimensions. This reference pad dimension
is used as a board pattern for our on-board reliability test which will be described later (3-3). By placing thermal via in
the drain pad, heat can be dispersed to each layer and back surface of the board to improve heat dissipation (refer to
Section 4 for details). In addition, our TOLL package is compatible with other manufacturer's TOLL package, and it
can utilize on same pad dimensions as shown in Figs. 3-3 and 3-4. (When you actually use the package, please
thoroughly evaluate and verify in advance on your board and your operating conditions.)
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Fig. 3-1 TOLL Packaging Dimensions
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Figure 3-2 Reference Pad Dimensions
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Fig. 3-3 Reference Pad Dimensions + Our TOLL Fig. 3-4 Reference Pad Dimensions + Company A TOLL
(When back side and reference pad dimensions are overlapped)
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3.2. Distance between terminals

Our TOLL package has a 3.13mm terminal distance between the drain and source pin. This is wider than the 2.795mm
of the through hole TO-247, and it can ensure adequate terminal distance (see Fig. 3-5). From the terminal distance stand
point, TOLL package is ideal as a replacement from he through hole TO-247 package.

Unit :mm

1.15+0.15
1.6:0.2

0.46+0.08

14
/
(3.13)
q_[20.95 £0.15_
5
<

: SEemm | S oF 2.16£0.25
N +
3 ~ 10 [l 3132026
o ~
8.1£0.25

F

Fig. 3-5 Drain-Source Terminal distance comparison (TOLL vs TO-247)

3.3. TOLL package reliability

In order to clarify the board level reliability of TOLL package, we conducted the board level reliability test on the
following boards, mounting conditions, and test conditions. For reference, we compared the results of the board level
reliability test with the other TOLL package manufactured by the other company (Company B) on same board and
mounting/testing conditions.

3.3.1. Test conditions, cross-sectional observation method

Table 3-1 shows the board level reliability test conditions, mounting board composition, size, mounting solder
materials, etc. of our TOLL package.

Table 3-1: Pretreatment and test conditions of the board level reliability test

| Conditions |
Pretreatment Leave MOSFET alone at 105°C for 100% for 8 hours prior to mounting on a board.
Mountin Solder paste 150+£50um (finished 70 to 100um) SAC305
con ditior?s Heating treatment temperature peak temperature: 230 to 235°C, preheating condition: 160 to
180°C (60 to 120s)
Temperature -55°C & 125°C 1 cycle/1 hour
cycle
Number of ~1000 cycles
cycles
Board material: FR-4
Glass-transition temperature Tg : 140°C
Mounting Number of layers: 4 layers (Cu 20z)
board Board size :25.4 mmx25.4 mmx1.6 mm
Solder stencil thickness: 100 um
Mounting solder material: SAC305
©2021 8 2021-07-30
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Fig.3-6 shows the cross-sectional view direction and cross-sectional view location of the package. The gate terminal
1pin was cut to observe the degradation of the lead mount solder, the presence or absence of cracks, and the degree. In
addition, we cut the vicinity of 5 pins and observed the degradation of the mount solder between the chip and the lead
frame in the center of the package, the presence or absence of cracks, and the degree of such degradation.

1pin
2pin
3pin
4pin
S5pin
6pin
7pin
8pin

t\!iewing

direction

L]

1pin

| I

Fig. 3-6: Cross-sectional view direction and cross-sectional view location

3.3.2. Results of the board level reliability test

Table 3-2 shows the board level reliability test result conducted by both our TOLL package and the other company
(Company B) under our mount and test conditions. In our test and board conditions, our TOLL package did not exhibit
any property variations or large mounting solder cracks after 1000 cycles @-55 to 125°C testing. On the other hand, on
same 1000 cycles, the Company B showed the cracks in the mounting solder at multiple locations, and confirmed wide
range of mounting solder cracks too. We have also confirmed that solder cracks, which occurred in the mounting solder
between the chip and Cu frames inside Company B’s TOLL package. We have confirmed that our TOLL package is
more reliable than the Company B on the board level reliability stand point in the same environment. (However, this
result is based on our own reliability test and board condition. When you adopt our part, please sufficiently evaluate and

confirm our part on your own board and your own test condition in advance.)

Table 3-2 TOLL Package board level reliability test results@21000 Cycles (Compared with Company B)

Our TOLL

Company B TOLL

1pin
1000 | 1pin
Cycle | Scale
up
Spin :
Lead frame i Lead frame
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4. TOLL package heat dissipation designs

4.1. Heat dissipation method

For surface-mounted products such as TOLL packages, as shown in Fig. 4-1, a package is mounted on PCB such as a
FR-4, and external heatsink is connected to the back surface of the board through a heat dissipation (insulation) sheet. In
such cases, TOLL package need to handle large amounts of power, and it is required high efficiency on high power
condition. Therefore, board pad designs, such as the size of the Cu-pad on the mounting board and the number of thermal
via, greatly affect heat dissipation.

Maold resin

Solder

————————————— -+ Heat dissipation sheet

_____________ 3 Heatsink

Fig. 4-1: TOLL Package Recommended Board Mounting Image

4.2. Optimal Design of Board Pads and Thermal Via

In order to clarify the design guideline for the pad size and thermal via on the TOLL package board, we measured the
surface temperature (Tc) for the applied power by changing the number of thermal via, the size of the Cu pad, and other
parameters using our own heat dissipation evaluation boards. We also showed quantitatively the heat dissipation effect
by the board design.

4.2.1. Specifications of PCB for evaluation of heat dissipation

Table 4-1 shows the 1-inch PCB specifications for which heat dissipation was evaluated for TOLL package. Fig. 4-2
shows the mounting surface, back surface, and mounting picture, and Fig.4-3 shows the cross-sectional image and
dimensions of the PCB. As for boards, a total of five patterns (Table 4-2) were created and prepared by changing the
drain pad size, the presence or absence of thermal via, the number of thermal via, etc. In addition, the via diameter is
now uniform at 0.3mm.

Table 4-1: Specifications of PCB for evaluation of heat dissipation

Land pattern Five conditions
PCB size 25.4mmx25.4mmx1.6mm
Number of PCB layers 4 layers
PCB material FR-4, Tg=140°C
Layer material/thickness Cu 20z

Mounting surface Bac surface Mounting photo
Fig.4-2: Mounting Surface, Back Surface, and Mounting Photos

' FR4,
Tg=140C

- 1.6mm

2.54cm

1 Via(4 layer
Cross-Section Cut location (b) a(4 layer)

(a)
Figure 4-3 Cross-sectional view and dimensions of the board
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Table 4-2 Cu Pattern

Drain Pad Size, Thermal via Design, and Number

Drain Drain
Pattern Dimensions Drain pad size via Number Remarks
of via
1 Large None 0
Entire
2 Large surface 240pcs
Entire Source via addition
3 Large surface 240pcs (Number: 36pcs)
Entire
4 Small surface 120pcs
Entire Drain via
5 Large surface 120pcs Spacing expansion
©2021 11 2021-07-30
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4.2.2. Heat dissipation evaluation environment

On evaluating heat dissipation, we used a DC power supply to apply power to TOLL package.We set the power
supply to 300 sec in this time in order to rise device temperature satulated. Thermography was used to measure the
device surface temperature (Tc) after 300 sec. The external heatsink were cooled by an air-cooled fan and the PCB was
fixed to the heatsink by holding the board end (2mm) with an aluminum plate (see Fig.4-4).

Fig. 4-4 Heat dissipation sheet and external heatsink installation method

— i

Heatsink

A heat dissipation sheet (1 inch, MAC EIGHT, CW-200, thickness 3mm (typ), material: Sarcon TR (UL84V-0)) is
sandwiched between the external heatsink and the board to ensure insulation and heat dissipation.
To minimize the influence of Heat dissipation from the wires, the wires for the gate, drain, and source are soldered to the
ends of each terminal pad as shown in Fig.4-5 below to secure a distance from the device. As shown in the figure, the
temperature was observed at the point where the temperature became the highest at the mold resin surface near the drain
terminal (directly above the chip).

~
Measurement FC
Location

2
=
7
rd
.8
{r}
8
1

(o G A

) -
: 7
L =
: B
: B
B
: B
H 9‘33
] =

=l {0yl o (e

-
1)1
)

—---Source

9]
1]
=
m

Fig.4-5 Tc (Case Temp.) Measurement method/point
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4.2.3. Evaluation results of heat dissipation

Fig.4-6 shows the measured case temperature (T¢ (Max)) at the maximum surface temperature point (measurement
point) for the applied power (Pin) using the board of each pattern. To prevent damage to the device, the upper limit of T¢
was set to about 100°C.

Pattern 1 and Pattern 2 are the difference between the presence and absence of thermal via. In the case of device loss:
10W, the calculated value is equivalent to Tc=131°C in Pattern 1, and the measured value is Tc=66°C in Pattern 2, which
results in a large difference in heat dissipation with and without thermal via.

Pattern 3 also has a board with thermal vias on the source pads of Pattern 2, and its heat dissipation is improved from
Pattern 2. We confirmed that T, was reduced around 3°C at a device loss: 18W (100.1°C=97.1°C).

100 B g
-~ 3p m_-'_ é
a L 5-
’;? -"n -._'-_'-Z'-"'E ™
: -5 = a
= n"' e O Ppattern 1
= __.F_‘._---'!' 4 Pattern 2
40 ra O Pattern 3
E”‘”” Pattern 4
x  Pattern 5
20
0 5 10 15 20

Pin [W]
Fig.4-6: T, (Max)-Pin Characteristics

Fig.4-7 shows the Drain Pad via number-T¢(Max) at Pin=14W.

110
105 APattern 2
; 100 OPattern 3
5 95 Pattern 4
g 90 ¥ Pattern 5
L
v 85
- X A
80 o]
75
100 150 200 250

Drain pad Via number [pcs]
Fig. 4-7: T¢(Max) @Pin= 14W-Drain Pad Via number

The number of drain pad via in Pattern 2 is 240 pcs. The number of drain pad via in Pattern 5 is 120 pcs. Even the
number of drain pad via doubles, Tc reduction is only 1.6°C@Pin=14W, which means the heat dissipation by increasing
the number of thermal via is saturated.

Patterns 4 and 5 are large and small patterns of drain pad size at the same number of drain via (120pcs), we found that
Pattern 5 with larger drain pad has 17.5°C @ Pin = 14 W lower Tc than Pattern 4.

On the other hand, in order to expand the drain pad size for practical use, it is necessary to consider securing the
creepage distance with other components and patterns in the board, and you need to design the pattern considering heat
dissipation and space.
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4.2.4. Design Guideline for PCB for TOLL package

As a guideline for designing pads and thermal via for TOLL package PCB board based on the evaluation of heat
dissipation in 4.2.3
® Ensure large drain pads within the space and creepage distances allowed
® |t is better to increase the number of thermal via. However, it is necessary to determine the minimum number of

thermal vias required because the heat dissipation effect is saturated.

® The arrangement of the source pad thermal via is also effective in improving heat dissipation.
And so on.

Please understand that our evaluation results of heat dissipation in this time only show the tendency of heat dissipation,
and that the absolute value changes depending on the composition of the board, conditions, size of the heat sink, etc.
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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.

o 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.
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