
IMPROVING BATWING POWER DISSIPATION
by Brian Atteridge

APPLICATIONS
INFORMATION

Allegro MicroSystems’ stepper motor ICs are
power ICs encapsulated in DIP (dual in-line), SOIC
(small outline integrated circuit), and PLCC (plastic
leaded chip carrier) packages.  The silicon die is
directly bonded to a heat-spreading lead frame
(batwing) for efficient heat transfer to an external heat
sink, or to a copper ground plane on the printed
wiring board.

Determining the needed amount of PWB copper
area for heat sinking is a simple procedure, by follow-
ing a few basic guidelines.

A. Determine the total IC power to be dissipated
(PD).  This can be approximately calculated by:

ICC x VCC (logic)
+

IBB x VBB (driver, no load)
+

IOUT x VCE(sat) (source driver)
+

IOUT x VCE(sat) (sink driver)

or refer to Application Note 29501.4, Computing
IC Temperature Rise.

B. Specify maximum operating ambient temperature,
TA.  This should include factors such as heating
from other components, air circulation, etc.

C. Specify maximum junction temperature, TJ, the
temperature of the chip at maximum operating
current.  No strict rules exist — typically one
should design for a maximum continuous junction
temperature of 100°C to 130°C taking into con-
sideration that every 10°C rise in junction tem-
perature approximately halves the expected life of
the device and every 10°C decrease in junction

temperature doubles the life of the device.  The
absolute maximum allowable junction tempera-
ture is 150°C.

The maximum value of junction-to-ambient
thermal resistance, RθJA, can now be calculated as:

RθJA = (TJ - TA)/PD

Graphs showing the junction-to-ambient thermal
resistance, for various batwing packages, as a func-
tion of the total area of a copper ground plane heat
sink on a PWB are given at www.allegromicro.com.

In order to verify the thermal design, it is useful to
make an estimate of the real chip temperature.  This
can be done by attaching a thermocouple, or some
other miniature temperature sensor, onto the batwing
ground terminals of the IC under test, and measuring
the “tab” temperature, TT.  The chip (junction) tem-
perature can now be calculated:

TJ = TT + (PD x RθJT)

where RθJT is the thermal resistance from junction to
the batwing terminal.

The junction-to-tab thermal resistance is specified
as 6°C/W for the SOIC, DIP, and PLCC packages.
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http://www.allegromicro.com/techpub2/an/an295014.pdf
http://www.allegromicro.com/techpub2/thrmlchr/thrmlchr.pdf
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Batwing DIP, package code ‘B’,

with copper-foil heat sink
Batwing PLCC, package code ‘EB’,

with copper-foil heat sink
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The products described here are manufactured under one or more
U.S. patents or U.S. patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to
time, such departures from the detail specifications as may be
required to permit improvements in the performance, reliability, or
manufacturability of its products.  Before placing an order, the user is
cautioned to verify that the information being relied upon is current.

Allegro products are not authorized for use as critical components
in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and
reliable.  However, Allegro MicroSystems, Inc. assumes no responsi-
bility for its use; nor for any infringement of patents or other rights of
third parties which may result from its use.

NOTE 1  Package power dissipation, and the require-
ments for heat sinking, can be considerably reduced
by using external fast-recovery Schottky diodes in
parallel with the internal flyback diodes.  The diodes
must be rated to withstand the supply voltage and
load current.

NOTE 2  The original batwing (DIP) package had a
copper lead frame that was continuous through the
package and completely webbed between two or three
lead tips on each side.  Because this construction
required slotted holes in the PWB, the batwing web-
bing was shortened to the seating plane with no
noticeable effect on thermal resistance.  Over time,
the webbing was further reduced to the shoulder and
then internal to the package.  If the internal silicon die
is directly mounted on the lead frame for heat transfer
through the leads to an external heat sink or to a
copper ground plane on the PWB, these (DIP, SOIC,
or PLCC) devices are still called “batwing” packages.


