TDSH'BA tor Correction (PFC) Circuits calculation of Power MOSFET
Application Note

Avalanche Enerqy (EAas) caluculation of
Power MOSFET

Outline

When a voltage exceeds breakdown voltage of a MOSFET, breakdown phenomena occurs and
current flows. It's called “Avalanche break down”, the current flowing at that time is called
avalanche current, and the energy applied to the MOSFET is called avalanche energy.

This column is showing how to calculate Avalanche energy related on avalanche current by using
datasheet value or graphs. The energy stored in circuit inductance is transformed to rise device
temperature under break down condition. Single pulse avalanche current “Ias” is the peak current
allowed during avalanche breakdown. Single pulse avalanche energy “Eas” is the maximum energy
permissible at single pulse “Ias”. So avalanche energy is calculated value related on avalanche
current.

The contents showed in this document are the thinking of typical products, and may not be
applicable according to the products. Please contact us to find out if it is applicable or not for the
product.
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1. What about guaranteed value on datasheet ?

Figure 1.1 shows the example of maximum ratings related avalanche phenomena on a
datasheet. It's defined maximum ratings of channel temperature, avalanche energy and
avalanche current in single-pulse avalanche mode that important parameter to think avalanche

mode.
Characteristics Symbol Rating Unit
Single-pulse avalanche energy (Note 4) Eas 14 md
Single-pulse avalanche current (Note 4) las 92 A
Channel temperature Ten 175 °‘C

Note 4: Vpp =32V, Ten =25 °C (initial), L=1.3 pH, las =92 A

Figure 1.1 Maximum rating / avalanche measurement condition of TPH3R704PL

1.1. Single pulse avalanche current Ixs
Single pulse avalanche current “Ias” means the maximum current capacity under break down
condition. If avalanche current exceeds it, the device can be broken regardless of channel
temperature or energy.

1.2. Single pulse avalanche energy Eas
The avalanche energy “Eas” that shown on datasheet is the maximum guaranteed value
calculated from the defined “Ias” and channel temperature. Therefore, the avalanche energy

also changes according to the avalanche current.

Avalanche energy is calculated as following:

1 BV
Eng==-L-I}-—25—  _Formula 1-1
2 BVpss—Vpp

BVpss : Break down voltage

Ias : Single pulse avalanche current

It's one of avalanche energy defined in datasheet condition, different from actual usage
condition. In this formula, BVpss can be measured with scope or estimated from Vpss, however,
the inductance “L” of the circuit (although the datasheet example (Figure 1.1) shows 1.3puH) is not
easy to measure. The unknown parameter from the formula should be removed to understand the
relation between Ias and Eas easily.

2. How to calculate avalanche energy related on current ?

The channel temperature is calculated as following:
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Tch(Avalanche) = 0.473 - BVpss * Iys Tth(ch-a)_tw T T, -- Formula 2-1

0.473 : Effective factor of wattage

Teh(avalanche) : Peak channel temperature between avalanche mode period
lth(ch-a)_tw : Transients thermal resistance of Avalanche period

tw : Avalanche period

Ta : Ambient temperature (Initial temperature)

During avalanche period, channel temperature should be kept lower than maximum rating.
Therefore, the relationship between the maximum channel temperature and the avalanche
current should be shown at first. Assuming Tchavalanche) = Tch(Max) then formula 2-1 is revised as
following:

Tch(Max) S 0473 - BVDSS b IAS b Tth(ch_a)_tw + Ta - Formula 2‘2

Thermal resistance of Avalanche period “rinch-a) tw” can be shown as formula 2-3 revised from
formula 2-2.

Tch(Max)_Ta
0.473:BVpsslas

Tth(ch-a)_tw =

-- Formula 2-3

Next step is to think avalanche period length “t,”. In normal case, the avalanche period length
“tw" is calculated from formula like as V=L dI/dtw using parameter “L”. This parameter is
unknown, so to erase “L”, using another parameter thermal resistance that related on time.

Thermal resistance of avalanche period “rinch-a) tw” IS one of parameters that related period
length. The avalanche period ty is shorter than 1ms in most cases. In such cases, the heat
generation is converged inside MOSFET die and the thermal resistance can be approximated as
following:

tw

T'th(ch-a)_tw = Tth(ch—a)_1ms t1ms(=0.0015)

2
t, = 0.001 - (M) -- Formula 2-4

Tth(ch—a)_1ms

Substituting formula 2-3 in formula 2-4 as following:

Tch(Max)_Tll 2

_ch(Ma)™ a_ B 2
t,, = 0.001- (w) = 0.00447 ( Tenar)~Ta ) -~ Formula 2-5

Tth(ch—a)_1ms BVpss'lasTth(ch—a)_1ms
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From this formula, avalanche period tw can be calculated with measured value and datasheet
parameter.

Next step is to replace the unknown parameter “L” with measured value and datasheet
parameter. Figure 2.1 shows avalanche test circuit. From this circuit, avalanche waveform is
shaped like figure 2.2 and avalanche period “ty” can be calculated from formula 2-6 also.

I
t, = L—2>— - Formula 2-6
BVpss=Vpp
P o
— VU0V — BY
________ L 0ss
L V ]AS
- DD
o Vos —I Yo
|_~
L
""""" GND
—:_ _f_ Avalanche period
Figure 2.1 Avalanche test circuit Figure 2.2 Avalanche waveform

From formula 2-6, the unknown parameter “L” can be shown as following:

BVpss—V,
L=t,—235 22  __ Formula2-7

Ias

To remove parameter “L”, substituting formula 2-7 in formula 1-1 as following:

1 BVpss—Vpp ;2 BVpss
Eps=sty —— g ——
L 2 Ias BVpss—Vpp
== E : tW - BVDSS * IAS - Formula 2'8

Finally, “tw"” can be remove from substituting formula 2-5 in formula 2-8 as following:

2
EA5=%'0.00447'< TenMax ~Ta ) - BVpss * Ins

BVpss'lasTth(ch-a)_1ms

1 0.00224 (Tch(Max)—Ta

2
) -- Formula 2-9
Igs  BVpss

Tth(ch—a)_1ms

Fixed value

There is inverse promotion between Ias and Eas in the short length period (<1ms) condition. If
the single pulse avalanche current “Ias” is under maximum rating value, larger avalanche energy
“Eas” is allowed under the condition that channel temperature “Te"” is less than maximum rating.

The avalanche energy “Eas” value under avalanche current “Ias” condition is shown on
datasheet of each product. So the fixed value in formula 2-9 can be calculated easily from these

2 values.
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3. Calculation example

TPH3R704PL(Vpss = 40V) is selected for calculating example. Picking up each values
following formula 2-9 from datasheet. Only thermal resistance of 1ms “rinch-a) 1ms” Should be
read by graph.

BVbss : 52V *BVpss of low voltage MOSFET (loser than 250V) is estimated by 1.3 X Vpss.
Tch(Max) 1175 C
Ta : 25 C (Initial temperature)

lth(ch-a)_ 1ms - 0.85 CT/W

From these values and Formula 2-9, avalanche energy “Eas” of TPH3R704PL can be shown as
following:

EAS -

1 0.00224 (175—25)2 __ 134 *

Ias 52 0.85 Ias

*The datasheet value of Eas and Ias are calculated and rounded down. Therefore, datasheet
value will be smaller than calculated value from formula 2-9.

This calculation can be used only for the pulse of 1ms and less than 1ms. The next step is to
calculate the avalanche current at tw=1ms. The avalanche current “Ias” is calculated from
changing formula 2-3 as following:

_ Tch(Max) —Tq
0.473-BVpSS'Tth(ch—a)_tw(=1ms)

IAS

175-25

=——=7.124
0.473-52:0.85

Figure 3-1 shows relation between single pulse avalanche energy and single pulse avalanche
current of TPH3R704PL. This device can be applied energy same as and smaller than this line.
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Figure 3.1 Avalanche energy - current characteristics
“Eas” has relation with “Ias”. Please calculate “Eas” from the current that goes to avalanche
mode on you application when design for safety.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

o TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for
complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which
minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the
Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information,
including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product
will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited
to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any
other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment,
equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE,
TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our
website.

« Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

o The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

o ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2)
DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for
the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass
destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export
and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

o Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including
without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT
OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

TOSHIBA ELECTRONIC DEVICES & STORAGE CORPORATION

https://toshiba.semicon-storage.com/
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