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Chapter 1. Overview

It is necessary to check whether the power loss has not exceeded the Absolute Maximum Ratings for using
MOSFET. Since the MOSFET loss cannot be measured using a power meter, it is required to calculate it from
drain-source voltage Vg and drain current I, waveforms obtained by using a device such as an oscilloscope.
This document provides the method to calculate the MOSFET loss. In addition, how to use the loss-calculation
assistance tool is provided.

Chapter 2. Calculating electric energy [J]

Generally, the electric energy J,, [J] for a period t,-t, as indicated in Figure 1 can be calculated by the integration
of voltage times current as indicated in the following formula:

3, = [VO M)t () VO

While, I(t) and V(t) can be expressed as follows:

bl I(t) R
|(t)=_@t+|a ...... (3) t, ty t
t, —t, Figure 1: Voltage V(t) and current I(t) for a period t.-t,

Thus, integrate them for the time period of t,-t, to obtain the following electric energy [J]:

By using the above formula and arbitrarily separating the period t,-t,, you can even obtain the electric energy [J]
for nonlinear waveforms.

Chapter 3. Calculating electric energy [J] from voltage and current waveforms

To calculate the power loss from voltage and current waveforms for the period T, divide T into ranges where
linear approximation can be applied, as indicated in Figure 2.
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»

Figure 2: Example of loss calculation waveforms

In Figure 2, the current waveform slope changes during MOSFET is being turned off. Therefore, to calculate the
loss from waveforms of Figure 2, divide T into t;, t,, , ts. In actual circuits that include parasitic capacitance of
MOSFET, the voltage and current change exponentially during transition between on and off. Because it is
difficult to exponentially represent voltage and current from the observed waveforms on a device such as
oscilloscope, linear approximations are used.
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Chapter 4. Calculating electric power [W] from electric energy [J]

As indicated in Figure 3, read the voltage and current values of waveform for the period T. Use the read values
and formula (4) to calculate the loss.

\ 28

T=1/f

Figure 3: Read voltage and current values from waveform example

By calculating the loss for each of the sections t, [s] to t; [S], the loss for each of the sections J, [J] to J; [J] can
be derived. Since MOSFET is electrically conducting in the section t, [s], the voltage is a product of the
MOSFET's ON-resistance Rqy and the current. Formula (5) to (9) show expressions for each of the sections.
The period T [s] is also inverse of frequency f [Hz], therefore the power P [W] consumed by MOSFET can be
obtained from formula (10). Note that the following formulas are simplified to the final forms based on the voltage
and current slopes and zero-cross. Formulas for each pattern are shown in Appendix Table 1.

_di I, +d 40, 4
T

=(9,+3,+3, +J3, +3,)d ------(10)

Supplementary information <Effective value current>

Formula (6) is used to obtain electric energy [J] at ON-resistance Ry. In the ON-period t,, power [W] can be
obtained from effective values. Using |, [A] as the effective current in the section t,, the power P, [W] in the
ON-period can be expressed by formula (11) from formula (6).

2
J t 1
P, = ?2 = RON D]Zrmsz = RON EE\/.I? E{/‘?)(Il _|2)2 _(Il _|2)D11 + |12J """ (11)

In the ON-period, MOSFET will consume the power that is the product of ON-resistance Ry and square of
effective current. Therefore, the power increases quadratically depending on the increase of the current value.
Formula to calculate the effective current varies depending on the current waveform.

Appendix Table 2 shows typical waveforms and formulas to calculate effective values.
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Chapter 5. Calculating loss from waveform

Actual operating waveforms are used for loss calculation example. For calculation from operating waveforms,
check that the wave cycle is clear, the turn-ON and turn-OFF voltages and current can be read, and the current
values can be read in the ON-period. The followings show actually measured waveforms and read values. Check
the ON-resistance R in the data sheet for MOSFET that you are using. (The following calculation uses the max
value at Tch = 150°C, which is read from a chart in the data sheet.)

‘ | T: 17.5us Measurement points Flyback-Converter of the switching MOSFET
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The read values are used for the loss calculation. The followings are the calculation results with the respective
values assigned to the formula (4).
Turn-ON : J, =0[J]

ON - period : J, = 0.94C] x[% (- 2.0[A])2j x3.9us] = 4.89uJ]

2,:3,= % X 400V ] x 2.0[A] x 30[ns] = 1.20[uJ]

2,:3,= {—%(3800/] <0.5A)+2 (380 1x 20[A)) - S (O.5A] x40V )+ 40V ] 2.0[A]}x35[ns] = 13.59u]
2,13, {% (501V] 0. A]) - (601V 1 x1.51A]) -7 (0. 8A] x 420V ])+ 420V xl.S[Al}x 20[ns] = 8.76(u]
2,3, = {—%(15[\/] x 0.7[A])+%(15[\/] x 0.7[A])—%(0.7[A] x370)V]) + 370V ] x 0.7[A]}><25[ns] = 3.28uJ]

From the following calculation results, the MOSFET loss P [W] that can be calculated from waveforms is 1.81 [W].

p- 0[J] +4.89[ud] +1.20[uJ] +13.53uJ] +8.76[ud] + 3.28[uJ]
17.5[us]

=1.80W]

Dec 2016 DT_Power calculation method Rev0.0 E 3/7 © Fuji Electric Co., Ltd. All rights reserved.



KQ/ Fuiji Electric Innovating Energy Technology
Fuji Power MOSFET Design Tool

Chapter 6. Using MOSFET power calculation tool (Excel)

The loss calculation methods described above are all intended for manual calculation. In this section, Excel is used.
This Excel file is designed to be used for the loss calculation and channel temperature calculation. The file contains
a sheet that describes how to use the tool. Please check the content before using it.

Section 1

Download the Excel file from the Fuji Electric's home page:

URL http://www.fujielectric.com/

Home > Products & Solutions > Power Semiconductors > Product Information > Power MOSFET > Design Tools
< File name > Power calculation tool_Rev_0_0_E.xIsx

Section 2
Open the downloaded file, Power calculation tool_Rev_0_0_E.xIsx, and click the "calculation" sheet.

Section 3
Input required values from the obtained waveforms and the data sheet of MOSFET that you are using. Use the
obtained waveforms in Chapter 5 and MOSFET data sheet for comparing the calculation.

[C2] A B e D E F
i 1
Inp_ut the_modgl of MOSFET_tha_t you are using. e P
This cell is optional; calculation is not affected if it is empty. 5 ot e
4 Rasten) [Q] 0040 | AERA [OFF [
[C4, C5] 5 150°Cmax At[us]| 13.49

Ts| 175 Va V]
Ve [V]

Read and input the ON-resistance from the Drain-Source On-state
resistance chart in the MOSFET data sheet. The C5 cell is intended
for MEMO. Use it to record the data such as channel temperature.

[C8] 3

Input the switching cycle in an [us] unit from waveforms. 4 ON-period
5 3.90

[F column] 6

You can input voltages and currents in the OFF-period; however, / 19

those data can be omitted because the calculation result is zero. 3 zz

The OFF-time can also be omitted because there will be shown the " oo

difference between the value input in C6 and values input for Turn- I 028

ON, ON-period and Turn-OFF. 15

[G to N columns]
Input the read values of waveforms in the Turn-ON time, voltage and
current values. In the waveforms for this document, no data is input
since there is no intersection of voltage and current.

Turn-OFF

002 | 004 | 002 | 003%
00 | 400 | 4200 | 3700
400 | 4200 | 3700 | 3850
20 | 20 | 15 | o7

[O to X columns]

Input the read values of waveforms in the ON-period time and
current values. For voltages in the ON-period, a product of Ry and
current value is shown as the calculation result. 1

1 (007 [ 077 | 050 | 01
[Y to AF columns] /B L - .
Input the read values of waveforms in the Turn-OFF time, voltage

20 15 07 0.0
1.20 13.53 8.76 328

1
and current values. :
4 R,n‘.[ﬂ]:‘ 0.940 AERA |OFF Tur
Input those values, and you will see 1.81W in C9 as the result of the i ol e bl
loss calculation. The result is the same as those obtained when the 7 Y M
- . utpul (Al
loss calculation is manually executed. \S T a
10 Prss ruman® | 0.00W s [1J]
11 : P [W]
12
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Annex Table 1

Voltage Current

» o Waveform Calculation formula
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Annex Table 2

Waveform Effective value Average value
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Note

1. The content of this document (product specifications, characteristics, data, materials,
structure, etc.) is based on the data as of December,2016.

The products described in this document are subject to change without prior notice due to
revised specifications or for other reason.

If you use any of the products described in this document, please get the latest version of the
specifications and check the data before using it.

2. The calculation results that you obtain via the method described in this material should be
used only as an indication.

The calculation results (values) obtained using this material do not assure the Fuji Electric
Co. products and its operations.

3. If you need to reprint or copy all or a portion of this document, you need a written consent
from Fuiji Electric Co.

® The content of this document is subject to change without notice due to improvement or for other reason.

® The application examples or part constants described in this document are intended as an aid of design.
The variation in parts or usage conditions are not sufficiently considered.

When using it, please consider variation in parts, usage conditions or other factors for design.
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