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Calculating Junction Temperature from Thermal Resistance

DETERMINING THE JUNCTION TEMPERATURE FROM DEVICE THERMAL RESISTANCE
FOR PACKAGED SEMICONDUCTOR DEVICES

Toillustratethetherma resistance of apackaged power semiconductor device, theandogy of an el ectrical resstor
network will beused. Inthedectrical resstor model thedectrica resistanceisdefined by the potentid difference
(voltage) acrossthe resistor divided by the current through that resistor. In athermal resistance the thermal
potential difference (temperature) divided by thethermal current (heat) through the thermal resistor definesthe
therma resstance, R .

Figure 1 will beusedtoillustratethe electrical resistor equivaent circuit for asemiconductor device. Starting from
the heat source (trangistor junction), heat may transport through two paths. Inthefirst path heat transfersfromthe
trans stor junction, through the mol ding compound by conduction, and then to the air surrounding the device by
convection. Inthesecond path, whichisparale with thefirst, heat flowsfrom thejunction of the devicethrough
thelead, through the PCB, into the chassis by conduction and finally to theair surrounding by convection. The
second path isthe primary focusof cal culating thejunction temperature Sincethe mgjority of heat generated inthe
devicetransportsthrough this path. Thefollowing exampleillustrates how to ca cul ate the junction temperature of
adevicegivenitsthermd resistance.

Thefirst consderation involveshow the devicewill beusedin operation. If asignificant amount of power isoutput
as RF energy, that energy isnot being dissipated in the device and needs to be subtracted from the dissipated
power in the calculation of junction temperature. To account for this, the effective power (P, ) dissipated is
calculated by adding the DC and RF input powers (P, . & P_., ) and subtracting the RF output power (P,

RFout)'
Peff = PDC + PRFin - PRFout
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Firgure1: Thermd Resstance Equivaent Circut
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Example 1
Giventhefollowing information, cal cul ate the junction temperature of aNGA-589 device.
T, . =70°C whereT_ . isthetemperatureof the chassisthat the PCB isattached to
P =1mw P = 50mwW
RFin RFout
vV =50V |  =80mA
dev dev
R = 100°C/W  where Rii-i isthethermal resistance from thejunction to thelead of the device
DT _ipes =10°C whereDT _, . isthetemperature difference between thelead of the device and the PCB
DT e crasss = 2°C Where DT, . isthetemperature difference between PCB and the Chassis
Solution:
Step 1: Calculate Effective Dissipated Power
Peff = PDC + PRFin - PRFout (1)
P, =[(5.0v)* (0.080A)]+(0.001w)- (0.050w)
P, =0.351W

Step 2: Setup Junction Temper ature Equation
T = DTJunct— Chassis +TCha$'s (2)

Junction

DTJunct—Chassis:é_ DT| :é (er)*(Peff) (3)

where, iseachthermal resstancefromFig. 1

Step 3: Calculateeach DT, from Fig. 1

DT et Lead = (R 1) ™ (Pt ) from (3)
DT, et Leag = (100°C/W)* (0.35WV) ocB
DT

Lead

_ 0 Screw NGA-589
Junct- Lead — 331C i

Step 4: Solve Equation (3)

DTJunct— Chassis = DTJunct— Lead + DTLead PCB + DTPCB— Chassis

Chassis
DTJunct— Chassis = (35 1+ 1O+ S)OC
DT -50.1°C Figure 2: Cross Section of aPCB Assembly

Junct- Chassis

Step 5: Solve Equation (2)

TJuncti on = DTJunct— Chazﬂ's+TCha$'s
Tuncion = D0.1°C +70°C
T,uncion =120.1°C
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