AND9415/D
Automotive ATPAK

Idea for Improving Heat Radiation

1. Overview

This application note is to discuss that ON
Semiconductor's original ATPAK package is
superior to DPAK (TO-252) in heat dissipation
by using heat sink and measuring actual
thermal resistance.

However, this paper is not any guarantee for
operation. Installation of heat sink is on your
own responsibility.

2. Thermal Resistance

Thermal resistance is the coefficient that
indicates to what extent the temperature
increases to an object when applying 1W heat
to it. Its unit is °C/W. it is common that, the
lower the thermal resistance is, the better the
heat dissipation performance is.

Thermal design model that uses a heat sink can
be shown by an equivalent circuit of series
resistors (see Figure 1).

In case of Surface Mount type packages like
ATPAK and DPAK, because the heat dissipates
almost to the underneath substrate,
measurement of Case Temperature (R6JC) is
difficult. So, in this test, we evaluated the
superiority of heat dissipation from surface by
relatively comparing in the substrates with the
same copper foil area.
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Figure 1. Thermal Resistance Model
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3. Channel Temperature

Power MOS Max. Power Dissipation (PD max)
is calculated as follows:

Tch max - Ta
PD max = (1)
ROJA
Tch = ROJAX PD + Ta )

Channel Temperature (Tch) can be calculated
from the ambient temperature and power
consumption. It is recommended that Tch is
designed to be about 80% of the allowable
maximum temperature (Tch max).

Ta
ROHS
Thermal resistance of heat sink
Ts
ROGR
Thermal resistance of grease
Tc
R6JC
Thermal resistance of the case
Tch O
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4. Spec. Comparison

Table 1 shows the performance comparison
between ON Semiconductor's ATPAK and
other company’s DPAK. You can see from the
table that devices with identical performance
were selected as much as possible in order
that the heat dissipation of the package can be
compared relatively.

5.

Initial comparison of thermal resistance

As previously stated, we selected ATPAK and
DPAK devices with almost identical spec., and
measured their actual thermal resistance and
made comparison. For the measurement, we
used glass-epoxy substrates with the same
copper foil area of 1.0x1.0inch (Figure 2).
ATPAK and DPAK have almost the same foot-

pattern, so completely the same substrate can
be used.

Table 1. Spec comparison between ATPAK and DPAK

Parameter Symbol Condition Unit
ATPAK DPAK
-60 -60

Drain-Source Voltage VDSS \'

Gate-Source Voltage VGSS +20 +20 vV

Drain Current ID -38 -36 A

Drain Current(PW) IDP PW = 10us,Duty = 1% -114 -108 A
Allowable Power Dissipation PD Te=25°C 60 56 W
Channel Temperature Tch 175 175 °C

Zero Gate Voltage Drain Current IDSS Vds=-60V,Vgs=0V -1 -10 uA
Gate Leakage Current IGSS Vgs=+16V,Vds=0V +10 +10 uA

Gate-Source Cut-off Voltage VGS(off) Vds=-10V|d=-1mA -2.6 25 vV
Drain-Source On-state Resistance ~ RDS(on) Vgs=-10V,|d=-18A 295 30 mQ2
Chip Size same-size mm
Package Size 6.5x9.5x2.3 6.5x9.8x1.5 mm

Figure 2. Actual Evaluation Board
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Figure 3 shows the transient thermal resistance 6. Comparison of heat resistance using
measurements. You can see from the graph the heat sink
that thermal resistance (R0JA) of either ATPAK For ATPAK and DPAK selected and measured
or DPAK is 80.3°C/W, the same results are previously, we applied silicon grease on the
obtained, so there is no difference in the heat surfaces of both packages and measured
dissipation. thermal resistances with heat sink mounted
(Figure 4). Detail of the heat sink is shown in
Figure 5.
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Figure 3. Transient Thermal Resistance

Figure 4. Actual Evaluation Board with Heat Sink
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Figure 6 shows the measurements of 7. Summary

transient thermal resistance.

For DPAK, thermal resistance (R6JA) is
62.5°C/W; for ATPAK, it is 56.4°C/W.

The result shows that, even though the two
packages have the same thermal resistance
under the condition of no heatsink, by using
heatsink, the thermal resistance of ATPAK
becomes 6°C/W lower than that of DPAK.

This test suggests that ON Semi’s original
ATPAK package shows more possibility of
lowering the inside semiconductor chip
(die) even than DPAK package in case of
using heatsink due to its good heat
dissipation from the surface.

Therefore, ATPAK can support
applications with high heat dissipation by
using heatsink.
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Figure 5 Specification of Heat Sink
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Figure 6 Transient Thermal Resistance with Heat Sink
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ON Semiconductor and the ON logo are registered trademarks of Semiconductor Components Industries, LLC (SCILLC) or its subsidiaries in the United States
and/or other countries. SCILLC owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of
SCILLC's product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. SCILLC reserves the right to make changes without
further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose,
nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including
without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or specifications can
and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each
customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others. SCILLC products are
not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applicationsintended to support or
sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers,
employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was
negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all
applicable copyright laws and is not for resale in any manner.
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