The junction temperature for a module can be calculated by:

T)=PxRjc+Ty (1)
Ta and Ryc are known variables. Must Calculate P to find T,.

P = Pconauction T Pswitching (2)

For simplification, Pswitching is assumed to be temperature independent and purely a function of bus
voltage, current, and switching Frequency. For a given bus voltage and switching frequency, we can
assume it’s purely a function of current (1) and can be represented as a polynomial:

Pswitching = Fs(AsI? + Bsl + Cs) (3)
This can be scaled by the bus voltage since it is approximately linear such that:

Pswitching (V) = 5 Fs(AsI? + Byl + C) (4)
Where Vy is the bus voltage where the test data was generated.

Pswitching (V) = 5 Fs(AsI? + Byl + C) (5)

The polynomial terms As, Bs, and Cs contain MOSFET and diode switching components. They should be
broken out and scaled based on the type of converter.

Ag = DsAy + (1 — Ds)Ap
Bs = DsBy + (1 — Ds)Bp (6)
Ag = DsCy + (1 — Ds)Cp

Where Ds is a scalar that changes based on the type of converter (Ds= 1 for active switch and Ds =0 in
synchronous switch for DC-DC converters and Ds = 0.5 for inverters)

Conduction loss is more difficult to calculate because the on-resistance is a function of temperature (we
assume an independent characteristic of on-resistance vs. current level to simplify). The temperature
dependent on-resistance can be represented as a polynomial

Rps—o = Rps— (25°C)(ART}? + BgT; + Cg) (7)

The polynomial components can be extracted from the datasheet in a per unit basis, so they must be
multiplied by the on-resistance at 25°C. Conduction loss can be then calculated as:

PConduction = IZRDS—on(ZSOC) (ARTJZ + BRT] + CR) (8)

Combining equations (1), (2), (5), and (8) yields



14
T, = {IZRDS_on(25°C)(ART,2 + BrT; + Cg) + 7FS(ASI2 + Bl + CS)}R]C + T,
o
Rearrangement of terms:

14
0= {IZRDs_on(25°C)(ART]2 + BT, + Cg) + 7FS(ASIZ + Bl + CS)}R,C +T,— T,
(o]
0 = {I*Rps_on(25°)ArR;c}T7 + {I*Rps_on(25°)BrR;c — 1}T;
14
+ {IZRDS_O (25°)Cx + 71:5(,4512 + B + cs)}R,C + Ty
o

We can now see this lines up with the quadratic formula so we assign variables

A/ = {IZRDS—on(ZSO)ARR]C}
B, = {I*Rps- (25°)BgR;¢c — 1}

14
C = {IZRDS_on(25°)CR + 7 Fo(ASI® + Byl + CS)}R]C + T,
o

Solve for Tj using quadratic formula

-B; /B,Z — 44,C;

24,

T]=

This will calculate the direct junction temperature for a given Current.



