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Notes for Calculating Power Consumption:

Static Operation

If a circuit such as a power supply that generates a large power consumption is designed, it is confirmed with a simulation or

calculation that the junction temperature in devices including MOSFET will not exceed the absolute maximum rating. Using

inappropriate parameters in this simulation or calculation may result in incorrect design values. This application note provides

precautions for the parameters to be used in power consumption calculations involving the thermal design.

Calculation formula for the junction
temperature

As shown in Equation 1, the junction temperature of MOSFET
is generally calculated by multiplying the thermal resistance
from the junction to the ambient temperature by the power
consumption of the device, and then adding the ambient
temperature to the product. As shown in Figure 1, the thermal
resistance from the junction to the ambient temperature
consists of the thermal resistance from the junction to the case,
the contact thermal resistance from the case including the
thermal interface material (TIM) to the heat sink, and the
thermal resistance from the heat sink to the ambient

temperature.
T; = (Renjc + Rence + Renna) X Pp + T4 [°C] N

Ripjc: Thermal resistance from the junction to the case [°C/W]

Re¢ncn: Thermal resistance from the case to the heat sink [°C/W]

Rinnat Thermal resistance from the heat sink to the ambient
temperature [°C/W]

Pp: Power consumption of the device [W]

T,: AmbientTemperature [°C]

Precautions for the parameters to be used

Methods of calculating the power consumption of devices
depend on the circuit operations. For simplicity, the calculation
is explained here for the static operation without any switching

operation.

The power consumption when the MOSFET is ON can be
calculated from the conduction loss, which is calculated by
multiplying the square of the drain current by the drain-source

on-resistance as shown in Equation 2.

Pp = IDZ X RDS(on) (W] )

Ip: Drain current [A]

Rps(ony: Drain-source on-resistance [Q)]

Refer to the value in the data sheet for Rpsen). Use the
maximum value at the junction temperature instead of the
standard value at 25°C. If such a maximum value is not used,
the junction temperature may be underestimated, leading to

incorrect results.
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Figure 1. Heat dissipation equivalent circuit
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Method of calculating the junction
temperature

This section explains the method of calculating the junction
temperature graphically. As an example, the data sheet for N-
channel SiC power MOSFET SCT4036KR is used.

First, prepare the parameter values required for the calculation.

The following values are used in this example.

I, =17 [A]

Rps(on): To be calculated.

Renjc = 0.85 [¢C/W] (from the data sheet)
Rincy = 0.67 [°C/W]

Renna = 148 [2C/W]

T, = 65 [°C]

For Ric, use the maximum value provided in the data sheet
(Figure 2).

®Thermal resistance

Values
Parameter Symbol Unit
Min. Typ Max.

Thermal resistance, junction - case Rise - 0.65 I 0.85 I KW

Figure 2. Standard value of Ruc in the data sheet

Use the maximum value

Junction temperature T, is calculated with Equation 1.
However, the Rps(on) value at the junction temperature must be
used to calculate Pp. Since Ty is unknown at this point, it is
impossible to determine the temperature at which the Rps(on)
value should be used. Therefore, first prepare the maximum
values of Ros(on) at different temperatures.

Figure 3 shows the graph provided in the data sheet showing
Rbs(on) as a function of the junction temperature. Use digitizer
software or the like to read the values.
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Figure 3. Graph provided in the data sheet showing Ros(on)
as a function of the junction temperature

As shown in Figure 4, use Excel to create a graph from the
read values. Add a trendline and display the approximation
equation.

Calculate the maximum values from the standard values
shown in this graph. As shown in Figure 5, the standard for the
on-resistance is provided in the data sheet. In this example,
since the standard value is 36mQ and the maximum value is
47mQ, the ratio is 1.3056. Next, use the approximation
equation above to calculate the on-resistance at each
temperature, and then multiply the value by 1.3056 to
calculate the maximum value of the on-resistance. Calculate
the high temperature part only, because the calculation for the
low temperature is not required (Figure 6).
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Figure 4. Using Excel to create a graph from the read values,
and displaying a trendline and the approximation equation
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Figure 5. Standard value of the on-resistance in the data sheet

X y yx1.3056
Tj Ron typ | Ron max
70| 0.04676 | 0.06105
71| 0.04703 | 0.06140
72| 0.04730| 0.06176
73| 0.04758 | 0.06212
74| 0.04786 | 0.06248
= =
172| 0.08619| 0.11253
173| 0.08670| 0.11319
174| 0.08721| 0.11386
175| 0.08772| 0.11453

Figure 6. Using the approximation equation to calculate the
maximum value of the on-resistance at each temperature
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Next, calculate the power consumption at each temperature.
Use Equation 2 for calculating the power consumption. Use
the value calculated from Figure 6 for the on-resistance at
each temperature (Figure 7).

Tj Ron
70 0.06104
71 0.06140
72 0.06176
73 0.06212
74 0.06248
~ -
172 0.11252
173 0.11318
174 0.11386
175 0.11453

Figure 7. Using Equation 2 to calculate the power
consumption at each temperature

Next, calculate the heat dissipation curve of the case. The heat
dissipation power of the case (Pc) can be calculated with
Equation 3.

h-Ta
PC =
Rinjc + Rencr + Renna

W] 3)

T;: Junction temperature [°C]

T,: Ambient temperature [°C]

Ripjc: Thermal resistance from the junction to the case [°C/W]

Rincn: Thermal resistance from the case to the heat sink [°C/W]
Rinnat Thermal resistance from the heat sink to the ambient

temperature [°C/W]

Since the heat dissipation curve is linear, calculate the low and
high temperature points only (Figure 8).

T, Pc = (T,-Ta) / (Riuc+Rincn+Rinna)
70 1.67
175 36.67

Figure 8. Using Equation 3 to calculate the heat dissipation
curve

Display power consumption Pp calculated above overlaid on
heat dissipation power Pc in the graph (Figure 9). The junction
temperature is the temperature at which power consumption
(heat generation power) Pp is equal to heat dissipation power
Pc (Po = Pc). In the graph, the point of intersection of the two
curves is the junction temperature. Enlarge the scale to read
the temperature (Figure 10). In this example, the temperature
is 151.2°C, exceeding the absolute maximum rating of the
device.
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Figure 9. Displaying power consumption Pp overlaid on heat
dissipation power Pc
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Figure 10. Enlarging the scale to read the temperature at the
point of intersection

Now, calculate the junction temperature with Equations 1 and
2 using the maximum value of Ros(on) at 25°C (Figure 5) for the

calculation of Pp.
Pp = I X Rps(ony =17% X 47 x 1073 =13.58 [W]

T) = (Renjc + Rencr + Renna) X Po + Ta
= (0.85+ 0.67 + 1.48) x 13.58 + 65 = 105.7 [°C]

The result is as much as 45.5°C lower than the correct
calculation. Thus, the power consumption may be incorrectly
estimated if the value at the practical (high) temperature is not

used, causing a thermal problem in the actual equipment.
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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