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ABSTRACT

Power MOSFET data sheets include a normalized transient thermal impedance graph: junction-to-case, ZθJC, 
or junction-to-ambient, ZθJA. For simplicity, this article uses the terminology “ZθJC graph” for either with the 
understanding that the same principles can be applied to the ZθJA graph. These graphs are used to estimate 
the junction temperature rise due to single or repetitive power pulses. Alternatively, the ZθJC graph can also 
be used to estimate the MOSFET peak current capability for single or periodic pulses of current as shown in 
Understanding MOSFET Data Sheets, Part 4 - Pulsed Current Ratings, technical article.
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1 Introduction
The ZθJC graph includes a family of normalized thermal impedance curves at different values of duty cycle 
versus pulse width. Similar to the method shown in Understanding MOSFET Data Sheets, Part 6 – Thermal 
Impedance, the thermal resistance is measured on a standard 1.5 inches x 1.5 inches, FR4 PCB with the 
device mounted on a 1 inch2, 2 oz. Cu pad. However, instead of measuring thermal resistance with static power 
dissipation, the power pulse width and duty cycle are varied. The value of thermal resistance at each pulse width 
and duty cycle are then normalized to the static thermal resistance, RθJC, specified in the data sheet to generate 
the curves.

2 Review the ZθJC Graph
Figure 2-1 shows the ZθJC graph from TI’s CSD17579Q5A data sheet, a 30-V power MOSFET in a 5x6mm SON 
package. The y-axis is the Normalized Thermal Impedance, ZθJC, on a log scale and the x-axis is the pulse 
width, tp, in seconds on a log scale. Each curve represents a duty cycle value starting at 0% (for example, single 
pulse) at the bottom and ending at 50% duty cycle for the uppermost curve.

Figure 2-1. CSD17579Q5A ZθJC Graph 

3 Using the ZθJC Graph to Estimate Junction Temperature Rise
Making use of the ZθJC graph is a relatively straight forward process. The operating conditions including gate 
drive voltage, VGS; drain current (DC or rms), ID; pulse width, t1; and duty cycle, D must be known. Use VGS to 
determine RDS(on) from the MOSFET data sheet and calculate the power dissipation.

P = ID2 × RDS on (1)

On the ZθJC graph, find the pulse width, t1 on the x-axis and draw a vertical line to the curve matching the duty 
cycle, D, of the power pulses. This is the normalized thermal impedance for those operating conditions. The 
estimated junction temperature rise can be calculated as shown below.∆TJ = P × ZθJC × RθJC (2)

4 Application Example
Power MOSFETs are found in a wide variety of applications but typically fall into one of two categories: 
switch-mode and linear-mode. Some examples of switch-mode applications are DC-DC converters, class-D 
audio amplifiers and motor drives. Inrush control for hot-swap, load switching and as a pass element in a linear 
regulator are common linear-mode applications.
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In most switch-mode applications, the MOSFET is selected and evaluated for a continuous output power level - 
thermal design power (TDP) - under steady state operating conditions. In this case, the power loss in the FET is 
constant and the junction temperature can be estimated using the thermal resistance, RθJC, specified in the data 
sheet. However, during fault conditions such as an output short circuit, a DC-DC converter can go into hiccup 
mode current limiting. In this mode of operation, the controller stops the FET switching for a predefined time 
period before trying to restart. If the fault condition persists, the controller again stops switching and attempts 
to restart. This continues periodically until the fault condition is removed. An example for the TPS53819A in a 
synchronous buck converter is shown in Figure 4-1.

VIN = 12 V, V OUT = 1.2 V, 425 kHz

IOUT = 20 A then short output, Hiccup
VOUT (1 V/div)

SW (10 V/div)

IL (10 A/div)

Time (10 ms/div)

PGOOD (5 V/div)

Figure 4-1. TPS53819A Hiccup Mode Short Circuit Protection

In this example, the pulse width, t1, is approximately 2 ms and the period, t2, is about 18 ms giving a duty cycle 
of 11%. Going back to the CSD17579Q5A ZθJC graph, draw a vertical line from the x-axis at 2 ms up to the 
(closest) 10% duty cycle curve. From that intersection, draw a horizontal line to the y-axis which results in a ZθJC 
value of approximately 0.52.

In linear mode applications, such as hot swap, the FET can be exposed to both single pulse events, such as 
inrush and overcurrent and periodic events such as retry mode which is similar to hiccup mode operation shown 
in the previous example.

5 Using the ZθJC Graph to Estimate MOSFET Peak Current Capability
The ZθJC graph can also be useful during FET selection when the peak current requirement is known. As shown 
in this application brief, the FET maximum continuous drain current at TC = 25°C is calculated as follows:

Max ID TC = 25℃ = Max TJ− 25℃RθJCRDS on @Max TJ (3)

For single pulse or repetitive pulses, the thermal resistance is multiplied by the normalized transient thermal 
impedance value from the ZθJC graph. Now the calculation for peak drain current becomes:

Peak ID TC = 25℃ = Max TJ− 25℃ZθJC × RθJCRDS on @Max TJ (4)
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6 Application Example
Using the CSD19532Q5B, what is the peak current for a 1-ms single pulse at TC = 25°C? The ZθJC graph from 
the CSD19532Q5B is shown below in Figure 6-1.

Figure 6-1. CSD19532Q5B ZθJC Graph

The CSD19532Q5B maximum continuous drain current is calculated as follows:

Max PDISS TC = 25℃ = Max TJ− 25℃RθJC = 150℃− 25℃0.8℃/W = 156W (5)

Max ID TC = 25℃ = Max PDISSRDS on @Max TJ (6)

Maximum RDS(on) at TJ = 150°C can be calculated using the maximum specified RDS(on) = 4.9 mΩ at VGS = 10 V 
and multiplying RDS(on) by the normalizing factor shown in Figure 8 of the data sheet:Max RDS on @Max TJ = 4.9mΩ × 2.1  = 10.3mΩ (7)

Max ID TA = 25℃ = 156W10.3mΩ = 123A (8)

Draw a vertical line from 1 ms on the x-axis to the Single Pulse curve, and draw a horizontal line from there to 
the y-axis to get a value of ZθJC = 0.17. The peak drain current is calculated as follows:

Peak ID TC = 25℃, tp = 1ms = 150℃− 25℃0.17 × 0.8℃/W10.3mΩ = 299A (9)

These calculations assume that the case temperature can be held indefinitely at TC = 25°C. In reality, this is 
impossible without using an infinite heat sink with zero thermal impedance. A more realistic approach is to 
assume the maximum case temperature is equal to the maximum allowable PCB temperature. For an FR4, a 
typical maximum temperature is 110°C and the peak drain current is reduced:

Peak ID TC = 110℃, tp = 1ms = 150℃− 110℃0.17 × 0.8℃/W10.3mΩ = 169A (10)

What if the pulse width remains 1 ms but is repetitive with a duty cycle of 50%? From the ZθJC graph, the 
value of ZθJC = 0.56 for 1 ms, 50% duty cycle repetitive pulses. The peak repetitive drain current under these 
conditions is:
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Peak repetitive ID TC = 110℃, tp = 1ms, D = 50% = 150℃− 110℃0.56 × 0.8℃/W10.3mΩ = 93A (11)

One last thing to note, for reliability purposes, most engineers typically derate the FET maximum operating 
junction temperature by 10°C to 25°C especially for repetitive pulses where the FET can operate for an extended 
period of time. For example, assume the derated maximum operating TJ = 130°C. Now, the peak repetitive drain 
current is:

Peak repetitive ID TC = 110℃, tp = 1ms, D = 50% = 130℃− 110℃0.56 × 0.8℃/W10.3mΩ = 66A (12)

7 Summary
This article explained how to use the ZθJC graph from the MOSFET data sheet in a design and provided a few 
application examples. This is useful during FET selection and verification phases of a design.
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