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HEAT SINKING — TO-3 THERMAL MODEL
Hubert Biagi (602) 746-7422

A critical issue with all semiconductor devices is junction temperatuyyeT(imust be kept below its maximum rated value,
typically 150C. The lower the junction temperature the better.

The thermal circuit shown below allows temperature to be estimated with simple calculations. The temperature rise across
each interface is equal to the total power dissipated in the device times the thermal resistaicé(REssmate of the junction
temperature can be calculated using the following formula:

T, (°C) = Temperature of Ambient Air
T,=T,+PD«8, T, (°C) = Temperature of the Semiconductor Junction
PD (Watts) = Power Dissipated in Semiconductor
Where, 8, (°C/Watt) = Thermal Resistance (Junction to Case)
., CC/Watt) = Thermal Resistance (Case to Heat Sink)
8,=6,.+6,,+6,, 8,, (°C/Watt) = Thermal Resistance (Heat Sink to Air)

8,, (°C/Watt) = Thermal Resistance (Junction to Air)

The following example shows typical values for a TO-3 package mounted in two different ways — one for high power
applications, the other for low power applications. The valuebforof 0.8C/W is for the OPA512 operating under
AC signal conditions. For DC signal conditiols, is about 1.4C/W.

HIGH POWER LOW POWER
Power Dissipated UNITS APPLICATION APPLICATION
Watts 100W 10W 10W 1w
Junction Ty, — °C 145°C 37°C* 158°C * 39°C
6,c — | °C/watt 0.8 0.8 0.8 0.8
Te —— °C 65°C 29°C 150°C 38°C
Mounting
S S S SSSS S S 6y — ™ °C/Watt 0.1 0.1 0.5 0.5
Resistance
Heat Sink Ty ——— °C 55°C 28°C 145°C 37°C
(TR o — | comar | 03 | 0 | 12 | w2
Ambient Air T, — °C 25°C 25°C 25°C 25°C
* Note, the difference in junction temperature that thermal resistance
can make even when operating at the same power level.

Calculations begin at the bottom of the chart and assufite &Babient temperature in these examples. Each component of
thermal resistance produces a temperature rise equal to the product of power dissipated and thermal resistance. The
temperature of the junction is equal to the product of power dissipated and the total thermal resistaégg (PD ¢

Thermal resistances can vary significantly with particular models and mounting. Bvikdkies can be obtained from
specifications, calculated temperatures should be confirmed by measurements made at the bottom of the case.
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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