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Derating curves based on terminal part temperature
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IEC TR 63091, which is a technical report, has been prepared by IEC technical committee 40:
Capacitors and resistors for electronic equipment.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
40/2502/DTR 40/2532/RVDTR

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilinqual version of this publication may be issued at a later date.
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INTRODUCTION

Work began in 2012 to adopt the new derating curve suitable for the surface mount fixed
resistors that use the terminal part temperature as the horizontal axis.

The derating curves for surface mount fixed resistors are defined in JIS C 5201-8:2014.

However, the principle of the derating curve was established when the resistors were
cylindrically shaped, wired in the air and the heat was dissipated directly from the resistor
body into the ambient environment. Therefore, it is not suitable for the surface mount fixed
resistors that use the printed circuit boards as the main heat path.

It is necessary to fulfill the demands from the electric and electronic device manufactufers for
raising|the power ratings safely. Additionally, it is required to establish a new derating curve
that is [suitable for the surface mount fixed resistors so that they can be usedisafely inja high
temperature environment, typically in automotive electronic devices.

Making a change of the temperature rule for evaluation of the fixed resistors from the gmbient
temperpture to the temperature of the connection point (terminal\part temperature|of the
resistof) will affect many defined contents of multiple standards,in the IEC 60115 [series.
Additiopally, it will mean changing the users' evaluation rules, s@’the impact will be engrmous.
Therefpre, it has been decided to issue the Technical Report first to attract attention| of the
relevarnt market players and then, we will start working en changing the defined contgents of
the IEG 60115 series.
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STUDY FOR THE DERATING CURVE
OF SURFACE MOUNT FIXED RESISTORS -

Derating curves based on terminal part temperature

an the

ned in

1 Scope

This Technical R’nlnnrf is applihahln to SMD resistars with sizes nnlunl or smaller th
RR633PM, including the typical rectangular and cylindrical SMD resistors mentio

IEC 60/115-8.

2 Ngrmative references

The following documents are referred to in the text in such a way that some or all ¢f their
contenf constitutes requirements of this document. For dated references, only the

cited a
any an

IEC 60
specifi

IEC 60
specifi

3 Terms and definitions

For the

ISO an
addres

e |EQ
e |SQ

3.1

terminpl parttemperature

Ty

bplies. For undated references, the latest edition of the referenced document (in
endments) applies.

115-1:2008, Fixed resistors for use in electronic equipment — Part 1: (
bation

115-8:2009, Fixed resistors for use in ‘electronic equipment — Part 8: Sq
cation: Fixed chip resistors

purposes of this document, the following terms and definitions apply.

d IEC maintain terminological databases for use in standardization at the fo
5es:

Electropedia: available at http://www.electropedia.org/

Online browsing platform: available at http://www.iso.org/obp

edition

Cluding

beneric

ctional

lowing

temper

fure of terminal part of the resistor

3.2
rated t

erminal part temperature

terminal part temperature of the resistor at the time of the rated load life test

3.3

hotspot of the resistor
hottest part of the resistor that is caused by the Joule heat generated from the resistive
element when the current is applied and is generally located inside resistor's body

3.4

hotspot temperature

Ths

temperature of the internal hotspot of the resistor
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3.5
surface hotspot of the resistor
hottest part on the surface of the resistor generally near the hotspot

3.6

surface hotspot temperature
Tshs .
temperature of the surface hotspot of the resistor

Note 1 to entry: Generally, the internal hotspot temperature is higher than the surface hotspot temperature.

3.7

therm3l resistance of the resistor
Rin
restraint of the thermal flow from the resistor's hotspot to the environment

Note 1 {o entry: Thermal resistance is calculated by dividing the difference between<the surface| hotspot
temperajure T, . and the terminal part temperature 7, by the applied power P and usually expressed in K/W.

3.8
thermally sensitive point temperature
TS
p
temperpature of the part the most sensitive to temperature rise in‘the resistor

3.9
maximum allowable temperature
MAT
ideal maximum temperature at which the resistor issable to keep its function

3.10
maximum terminal part temperature
MTT
maximym temperature of the terminal(part of the resistor

4 Study for the deratingurve of surface mount fixed resistors

4.1 Seneral

The elgctric/electronic-device designers are reducing the power applied to the resistof below
the leviel shown jinsthe derating curves provided by the resistor manufacturer based [on the
ambier|t temperature of the unloaded resistor, but the ambient temperature of the boand rises
when they usexSMD resistors.

But, the\body temperature of the SMD resistor may become higher than the tempgrature
verified in the test implemented by the resistor manufacturer even when this rule is observed.
On the other hand, in some cases excessive derating is requested and an extremely large
margin is set.

In this Technical Report, the reasons why the derating curves, which are defined in
2.2.4 of IEC 60115-1:2008 and in 2.2.3 of IEC 60115-8:2009, provided by the resistor
manufacturers sometimes cannot be used by electric/electronic device designers in their
design activity will be given, and the method of changing them into a practical designing tool
will be suggested.

There are three key points. The first and most important point is to use the derating curve
based on the terminal temperature instead of the ambient temperature. The second point is
the measuring method of the terminal part temperature of the SMD mounted on the printed
circuit board. The third point is the measuring method of the thermal resistance Ry, 4.1 Of the
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resistor terminal part to the surface hotspot. The second and third points are the issues that
need to be defined in association with the first point.

4.2 Using the derating curve based on the terminal part temperature

Using Figure 2 instead of Figure 1 is suggested for the design of high-power applications of
the SMD resistors in excess of the conventional rated dissipation (e.g. 100 mW for RR1608M).
The validity of using the derating curve based on the terminal part temperature is explained in
Annex E.

A
Fr
P
0 >
Tra ucT Ta
IEC
Key
P Applied power
. Rated power
T, Ambient temperature
UCT Upper category temperature
T, Rated ambient temperature
Figure 1 — Existing derating curve based on ambient temperature
A
Pr
P
0 AN >
Trt MTT Tt
IEC
Key
Applied power
] Rated power
T, Terminal part temperature

MTT Maximum terminal temperature

Rated terminal temperature

Figure 2 — Suggested derating curve based on terminal temperature
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4.3 Measuring method of the terminal part temperature of the SMD resistor

The measurement will be done on the commonly-used printed circuit board, but the resistor
manufacturer can replace it with the board defined in the standard. The temperature
measurement position will be the centre part of the fillet regardless of the size. The
measurement sensor will be the thermocouple. The measurement point is shown in Figure 3.

A type K thermocouple with a wire diameter (single wire) of 0,1 mm is recommended. As in
Figure 4, the tips of the type K thermocouple should be spot-welded and pre-treated by
applying suitable flux and dipped in melted solder so that it can be surely and directly
soldered to the fillet of the target resistor.

This report is based on the use of type K thermocouples due to their low thermal condyctivity.
If othe[ thermocouples are to be used, their thermal properties need to be considefed, as
shown ffor type T thermocouples in Annex I.
The me¢asured value should be corrected as necessary by estimating the influence of the heat
dissipattion through the thermocouple. The method will be mentioned in Foermula (1).
S
2
1
s
(b)
4 5
(C) IEC
Key
1 Resistor

2 Solder fillet

3 Copper pattern

4 Printed board

5 Thermocouple (Tip is the measuring point)

(b) Attachment position of the thermocouple when fillet is large (centre of solder meniscus)
(c) Attachment position of the thermocouple when fillet is small (centre of solder meniscus)

Figure 3 — Attachment position of the thermocouple
when measuring the temperature of the terminal part
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Key

-

Thermocouple wire (alumel wire)

Thermocouple wire (chromel wire)

Spotrweldedpart
Flux4{coated part

Dippgd in melted solder

o 0~ W N

Conrjected to the fillet

Figure 4 — Attaching type K thermocouples

The thermocouple connected to the measuring point will be wired7along the isothermfal line.
When fhe isothermal line is unknown, make sure that the thermocouple is not affected directly
by othér heat-generating products on the board. The thermaeouple should not be glosely-
attached with other products or the board, and they should be wired parallel to the bgard as
shown [in Figure 5.
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A l—“\b ]

LS 2A) ¢

NATT 7\
2 9_—;«
7~ I»’/

N
S HFEEO
AI:-—:IL‘_,??{
- » AN\
& 1S Q’t
e
5

¢2 pr=ses
: ] AI’_ IS /

Large SMD resistor with large heat generation

Small SMD resistor with small heat generation

Semiconductor such as TEF, IGBT (large heat generation)

IC (small / large heat generation)

m Ceramic capacitor (no heat generation)
@§ Heat dissipation

IEC
Key
1 Wiring close to the part$ with large heat generation such as the dotted line shall be avoided.

2 No|mechanical sirength when only the tip of the thermocouple is soldered, so fix the wiring and trunffing onto
thel parts with-ng heat generation.

3 Avoid the heat generating parts when wiring.
(A) Inaldeduate wiring.

(B) Sukable-wiring-

Figure 5 — Wiring routing of the thermocouple

Next, the temperature drop caused by the heat dissipation from the thermocouple will be
estimated by comparing the measured temperature 7}’ and the true value T, when there is no
thermocouple connected. Each symbol will be shown in Figure 6 (refer to Figure 9 for the
example of Ty qe).
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1 3 —
2 — 2T —
(
4 |
IEC
\7 “Rinleq
T,
base IEC
(a) True terminal temperature (b) Actual meastured temperature

Key

1 Resistor

2 Copper pattern

3 Printed board

4 Thermocouple for measuring the terminal part temperature

5 Thermocouple for measuring the heat dissipation space temperature

6 Thermocouple for measuring the standard temperature

T, Fillet temperature (centre part) before attaching the thermocouple = true terminal temperature

T/ Fillet temperature (centre part) after (atfaching the thermocouple = actual measured terminal part
temperature

base Temperature of the base position foryvmeasuring the temperature rise
tca Temperature of the space where.the thermocouple radiates and not always equivalent to 7, _

R te Thermal resistance when the-thermocouple is presumed as a heatsink and the thermal resistance [between
the tip of the thermoceuple and the heat dissipation space of the thermocouple (7., meaqurement
position)

Ry, eq Thermal resistanCe,©of the printed board viewed from the terminal part and the equivalent|thermal
resistance between the terminal part where the thermocouple is connected and the standard temlperature
measured space (T, ., measurement position)

Figure 6 — The true value and the actual measured
value of the terminal part temperature

The temperature that IS actually measured by the thermocouplie 15 1y ana the 1; ca not be

measured. But the difference AT = T; — T}’ (= 0) can be calculated from Formula (1).

AT = (T T~ Ttca )(Rth-eq /Rth-tc) (1)

Rip ¢q is the thermal resistance from the terminal part of the printed circuit board to the

surrounding space, set as a standard, such as the spatial temperature in which the board is
set. An example value is shown in Figure 7.
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IEC
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i
i
i
i
T
N
o

IEC

Pattern thickness 35 pym

Pattern thickness 70 um

Temperature standard (ambient temperature where the board is set)

Equivalent thermal resistance of the printed board to the temperature standard 7,
Thermal resistance measuring point

Pattern width

Figure 7 — Thermal resistance Ry, ., of the FR4
single side board (thickness 1,6 mm)

limetres

palctlating R, ., on the actual board for measuring the temperature, power P shall be

applied only to the target resistor for measuring 7T} ,5. and terminal part temperature 7} with
the thermocouple. Formula (2) shall be used.

Rth~eq = (T't_Tbase)/P

(2)

This is only an approximate estimate. However, there will not be a controversial error unless
the thermal resistance between the terminals of the resistor itself is extremely large. Refer to
Annex | for details.

The length of the thermocouple that causes the heat dissipation is indicated with L. This is the
distance from the measuring point that causes 90 % of the heat dissipation from the
thermocouple.
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D
P4 adaan
IR EEEE .
Key
Ry . Thermal resistance when the thermocouple is regarded as‘a’heatsink
L Length from the measurement point that cause the heat dissipation of the thermocouple
D Wire diameter of the thermocouple
Figure 8 — Length that cause.the heat dissipation and the thermal
resistance of the type-K thermocouple (calculated)
The aif speed 0 m/s in Figure 8 means that the thermocouple is set horizontally in &
with nqg forced air and the heat dissipation is only by natural convection.
For thg same type of thermocouples, the thinner the strand of wire diameter is, the hig
thermal resistance is and\the length that causes the heat dissipation L gets shorter.
The measuring point of 7., shall be within radius L of the target fillet. Read L from Fi
The hdight from.the measuring point 7., of the board will be the same as the height
wired thermoceuple (H in Figure 9) for measuring 7}
Ti.q dgesvnot have to be measured one by one for the measuring points of 7.
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space

her the

gure 8.
of the

All the

necessary 7y should be measured, but only one typical point of the Ti., that is expected to
have the lowest temperature needs to be measured.

The typical calculation result of AT is shown in Figure 9. The place where the board is set is
assumed to be a natural convection environment. For the purpose of checking the operating
temperature of the resistor, it is understandable when it is actually calculated that AT is
negligible in most cases when a type K thermocouple of 0,1 mm in diameter is used.
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Calculatjon example

When R| . =5 500 K/W, R, eq = 300 K/IW

AT = (90[- 60) (Ry, eq /'Ry o) = 1,64 K

Key

T, Flllet temperature (terminal part temperature) after,connecting the thermocouple

T., Ambient temperature for the heat dissipation-of the thermocouple

T, ,se Ambient temperature of the board

L Length from the measurement point that cause the heat dissipation of the thermocouple
H Height where the thermocouple‘wilbe wired

However, when typé& K thermocouples with wires 0,2 mm in diameter or thicker are u
when there is aifflow, AT would become larger. It is necessary for the resistor manuf
and e&ectric/electronic device designers to take on the responsibility and perfo

correc

4.4

'Y LLLLLLTTTS
““‘ N LS
** L4
* Y
L 2 _ o
: Tpase = 30 °C .
0. "
a,y e®
N
... -l‘
"sgpmgmmunnts

Figure 9 — Example of calculation of the measurement error AT
caused by the heat dissipation of the thermocouple

ons¢

IEC

sed, or
acturer
m the

Ivleascuing method-of-the-thermatresistance ﬂth shs-t from-the-terminat part

surface hotspot

to the

In this subclause, the measurement method for 7,g and T}, will be explained. The difference
between T, (surface hotspot temperature) and T, (terminal part temperature) divided by P
(applied power) is used for calculating the proportional constant Ry, gps-t- If Tshs @and Ty, can
be measured, Ry, shs.t C@N be calculated with Formula (3).

Rih.shs-t = (Tshs —Tin )/P

The recommended measuring system is shown in Figure 10.

(3)

The copper block on which the resistor is mounted will be an alternative to the idealized
infinite heatsink.
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ce hotspot

inal part temperature measuring point
er fillet

er block larger than square 1Q(mm on a side rectangular cuboid, power will be applied to the
gh the copper block

ptor with good heat conduction

side of the copper block fixed to a certain temperature
ed thermograph

ed thermograph-lens axis

Figure 10 —- Recommended measurement system

of Ty, and T, for calculating Ry, sps.t

Key
1 Resi
2 Surfg
3 Tern
4 Sold
5 Copq
throd
6 Insul
7 Dow
8 Infra
9 Infra
Measu

e the SUrtace notspot temperature 14,5 and terminal part temperature 7, direc

resistor

ly with

an infrared thermograph. The point at which to measure the terminal part temperature T},
should be on the top surface of the copper block and close to the fillet of the resistor (within
3 mm from the fillet excluding the fillet). The points that should be considered during
measuring are as follows.

1) The space resolution and the peak detection capability of the infrared thermograph is not
the same. Select the lens with a magnification percentage that can measure the hotspot
peak temperature correctly.

2) If the space resolution and hotspot peak detection capability of the infrared thermograph
is not clarified, the data shall clearly state which lens was used for magnifying whatever

um

per pixel.

3) The top surface of the copper block on which the target resistor is mounted and the
temperature measured by the infrared thermograph should be coated evenly with black-
body sprays to make a diffused surface with constant emissivity.
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4) Lenses with large magnification have a short focus in general. Therefore, even a small
misalignment of the focus could lead to a large error in the temperature measurement.
Especially precise adjustment of the focus would be needed when measuring the hotspot
of a small area.

4.5 Conclusions

There are 3 points to suggest in this Technical Report, as mentioned in the opening of this

clause:

1) use of the derating curve based on the terminal temperature instead of the ambient
temperature for the design of high power applications of the SMD resistors in excess of

the

2) me
prir
3) me
res

conventional rated dissipation (e.g. 100 mW for RR1608M):

bsurement method of the terminal part temperature of the SMD resistor mounted
ted board;

hsurement method of the thermal resistance Ry, ghs.t from the terminal part
stor to the surface hotspot.

on the

of the
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Annex A
(informative)

Background of the establishment of the derating
curve based on ambient temperature

Tracing the history of the mounting and heat dissipation figuration of
resistors

The derating curve that uses the ambient temperature as the horizontal axis was established

as as
shown
termind

andard more than 50 years ago, at an era when vacuum tubes were being uied. As
in Figure A.1, the resistors in those days were mainly made with lead wires, and lug
Is were used for mounting.

Key

IEC

1 Vacuum tube radio broadcasting receiver

N O o b~ W DN

Vacuum tube

Chassis

Rear side figure of chassis (image)
Vacuum tube socket

Lug terminal (vertical)

Lug terminal (horizontal)

Figure A.1 — Wired in the air using the lug terminal
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As shown in Figure A.2, all the heat generated in any kind of resistors will be released
through the following three phenomena.

The first phenomenon is heat conduction. The heat is conducted through the connection part
such as the lead wire to the lug terminals and other parts with lower temperatures.

The second phenomenon is heat transfer by convection to the ambient atmosphere of the
resistor. The ambient air is expanded with the heat provided from the resistor and becomes
less dense resulting in updraft. The rising air will siphon off the new cool air from the low
surrounding to the ambient air of the resistor. By repeating this, an ascending current will
consistently occur around the resistor and the heat will be transferred into the atmosphere.
This is called heat dissipation by convection flow

The third phenomenon is radiation by infrared.

Heat dissipation by either of the phenomena (heat conduction, convection and radiation)
would be larger when the temperature difference between the resistor andthe lead wjre and
the othler parts connected is larger. For the resistors wired in the air by(the lug terminal, the
heat cqnduction via the lead wires are small compared with the heat.dissipation by conyection
and rafiation. The lead wires are mainly made with copper and the coefficient of thermal
condudtivity is high but the shape is narrow and long, so the thermal resistance will not be so
low. In[ abbreviated calculation, the thermal resistance of the“lead wire 0,8 mm in diameter
and 38/mm in length will be 190 K/W, which is quite a large value. On the other hand, the heat
dissipation is proportionate to the surface area of the’ resistor, so the heat disgipation
performance from the surface of the cylindrical resistor\to the atmosphere will be favgurable
and the calculated thermal resistance is surprisingly:low.

IEC

Key
1 Resisgtor

Lead| wire\ofiresistor

Lug ferminal (vertical)

Heat dissipation by radiation

Heat dissipation by convection

o o A ODN

Heat dissipation by conduction

Figure A.2 — Heat path when wired in the air using the lug terminal

The numerical simulation was implemented for the heat dissipation ratio of each heat type
(conduction, convection and radiation) in the resistor model. The simulation model is a
cylindrical resistor of 24,5 mm in body length, 9 mm in body diameter, 0,8 mm in lead wire
diameter and 38 mm in lead wire length. This sample was wired in the air under 25 °C with a
no-airflow condition and 1 W will be applied. As a result, the heat dissipation ratio was 51 %
from convection, 32 % from radiation and the remaining 17 % was from the conduction via the
38 mm lead wire. Since a large portion of the heat dissipation is implemented from the
convection and radiation through the atmosphere, it is natural to set the ambient temperature
as the standard of the operating resistor.
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However, the resistor manufacturer is expected to implement load life tests to verify the
characteristics of the resistor, especially the stability under operational condition. The method
is to set the lead wire resistor horizontally as if it were floating in the air and apply the rated
power in a test chamber with the temperature set at the predetermined value. The heat
dissipation ratio is the same as the condition of the actual use by electric/electronic device
designers.

Therefore, introducing the ambient temperature around the resistor as the temperature index
to correspond to the test conditions by the resistor manufacturer and the actual use conditions
of electric/electronic device designers was reasonable for the mounting conditions of the
resistors in those days. Since then, the mounting methods changed to lead wire resistors on
printed circuit boards and then SMD resistors. At the same time, miniaturization of the resistor
itself has advanced as well. Associated with a change in the mounting metho&Ls and
miniatyrization, the heat dissipation ratio of the heat generated in the resistor has.chlanged.
The ratio of the convection and radiation has decreased gradually and the conduction to the
printed| circuit board has increased. This change summarised in Annex J.

A.2 |How to establish the high temperature slope part of the derating curye

A.2.1 General

It is nepessary to have a good knowledge of the theoretical base*of how the derating curves of
resistofs are established to understand the content of this téchnical report. Furthermofe, this
theoretical base is often misconceived with the analogy of the derating cunve for
semicgnductors.

The d€rating curve for resistors is established to ‘hot exceed the temperature and heaf stress
that is tested by the resistor manufacturer. It iswerified that the resistor can keep its function
when the load is reduced as the ambient temperature rises according to the derating curve
providgd by the resistor manufacturer, eveniwhen the thermally sensitive part of the registor is
unknown.

A ! Point A
Pr
]
|
|
1 .
! Point C
P |
|
)
1
|
1
! Point B
|
0 : >
Tra ucT
IEC

Key

P Applied power

P, Rated power

T, Ambient temperature

T, Rated ambient temperature (normally 70 °C)

UCT Upper category temperature

Point A Load life test condition
Point B High temperature exposure test condition
Point C Between Point A and Point B

Figure A.3 — Test condition for resistors with category power 0 W
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In principle, the derating curve is established by connecting the two test conditions with a line,
the load life test (rated load applied at ambient temperature) and the high-temperature
exposure test (UCT without load as shown in Figure A.3) or the test condition of the UCT with
the category power loaded as shown in Figure A.4.

Except for special cases, the resistor manufacturers do not test the middle conditions like
Point C in Figure A.4. The reason why will be shown in A.2.3.

A ! Point A
1
Pr
I : Point C
Point B
P
~
~
~
~
~
~
~
\ ~. | -
Tra ucT Ty
IEC
Key
P Applied power
P, Rated power
PCp Category power (percentage of the rated power)
T, Ambient temperature
T, Rated ambient temperature (normally 70 °€)
UCT Upper category temperature

Point A | Load life test condition
Point B High temperature exposure test;condition

Point C Between Point A and Point B

Figure A.4 — Test condition for resistors with category power other than 0 W

Howevger, it could be predicted that the line formed by 100 % rated power is the electrigal limit
but, it is possible-fo~double the rated power by changing the test conditions even when using
the same resistof. as seen in Figure A.5. Therefore, it cannot be said that the presgnt line
shown|is purely the electrical limit. When the applied power is at its maximum, the

temperjature difference inside the resistor will also become maximum. The heat stress faused
by the temperature gap within the resistor becomes maximum. Therefore, it could be said that
this lin iff ; ; it erified

under a certain condition means that, when the resistor is used under the condition described
in the specification, the characteristics, such as the resistance value change, are kept within
the tolerance values.

Additionally, the UCT is also not the genuine temperature limit of the material that makes up
the resistor. The UCT is a test condition for rank classification of resistors. Therefore, there
are resistors that have no effect on their characteristics even when it gets hotter than the
category upper temperature. If the test condition is reviewed and the resistor with a maximum
operating temperature of 125 °C is tested in a high temperature exposure test of 155 °C, and
the characteristic is verified, it would be possible to change the maximum operating
temperature to 155 °C. However, the characteristics of the construction material of each
resistor part shall at least be resistant to the UCT.
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It is important to know that the derating curve of the resistor is basically determined according
to the test results.

P 05pP.
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erating curve when rated power is raised

erating curve when maximum operating temperature is reviewed
xisting UCT

eviewed high UCT
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Figure .A.5 — Example of reviewing the derating curve

A.2.2 Derating curve for the semiconductors

Given their similafappearance, they are often misunderstood, but it is important to knpw that
grating\eurve for resistors and semiconductors are completely differenf. The
semicgnductor in the example is a transistor that is used by fitting on a heat sink. Thg rated
power P <of the transistor is a power that the temperature of the transistor sensitive pgint will
reach intimited—valuve—whenfixedtotheheat sink—setat 26-C—Thetemperdture of
the sensitive point of the transistor shall not exceed the certain limited value under any

circumstances.

The junction temperature of the bipolar transistor and the channel for the field-effect transistor
would be the sensitive point that determines the operating temperature limit. The transistor
cannot be used when the sensitive point temperature exceeds the defined temperature such
as 150 °C (generally 150 °C but some are 175 °C). The sensitive point of temperature rise
and the limited temperature are clearly determined for the semiconductors.

The relationship between the case temperature T, which the junction temperature T; does not
exceed, the limit temperature Ti-max: and the allowable power P that can be applied to the
transistor under that case temperature will be considered, using the bipolar transistor as an
example in Figure A.6.
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The temperature rise ATJ-_C of the case to the junction is assumed to be proportionate to the
power P consumed by the transistor. This proportional constant shall be Ry, j.c. This Ry, . is
the thermal resistance between the junction and the case.

N

IEC

Key

T, Heatsink temperature = case temperature

TJ. Junction temperature

Ry, ic Thermal resistance between the junction and the case including thermal interface material
NOTE R is the thermal resistance of the component

th j-c

Figure A.6 — T}, T and Ry, ; (of transistors

When power P is applied to the transistor at case temperature T, the junction temperature TJ
would be calculated as shown in Formula (A. 1),

7]' =7¢ +Rth-j—CP (A1)

This Tj|shall always be lower thaR T .. Therefore, the applied power P should be linjited in
that manner. And the applied. power P would be shown as P (7.) as the function of| T, as
shown fin Formula (A.2).

T max = Tc + Rin.j_c P(T¢) (A.2)

Transform Formula (A.2) to the following Formula (A.3).

P(TC)— (\Tj—max _TC )'I Rln~j—c (A-3)

When T, =25 °C, P(T,) is allowed up to the rated power P,, it can be calculated in Formula
(A.4). Then Formula (A.5) is transformed from Formula (A.4).

B = (Tj_max —25)/ Rin.j-c (A4)

= Rip.jc = (Tj—max - 25)/Pr (A.5)

From Formula (A.3) and Formula (A.5), Formula (A.6) is obtained.
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P(Te )< R (Ti-max — Te )T _max — 25) (A.6)

However, in the range of 7, < 25 °C, P(T.) > P, could be possible in Formula (A.6), but in the
document the applied power cannot exceed P,.

The limited power that the transistor can have applied would be as shown in Formula (A.7)
when the above conditions are considered.

P(Tc):Pr(Tj—max _TC)/(Tj—max _25) 25°C=< Tc = Tj-max _‘ (A7)

P(T:)H A Lower limit of the transistor operating temperature < 7, < 25 °C J

The operating range of the transistor indicated from this formula would) be shqwn as
Figure| A.7. This figure is often seen in the heat design textbooks_ fer’transistors. The
transisfor shall always be used under the condition that does not exceed the derating| curve.
This cyrve looks very alike to the derating curves for resistors.

A

P
0 >
T
IEC

Key
P Power that can be applied to the semiconductor
P, Rated power
T, Case tempefature
T. Junctionupper temperature

j-max

Figure A.7 — Derating curves for transistors

The trajectory of 7, when P(T) is derated according to the derating curve, along with the rise
of 7 in the range of 25 °C < T, < T}, is shown in Figure A.8.
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Key
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T Temperature

-
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2 Trajdctory TJ is the junction temperature

T, = 35+i(T, 25)/5

j-max —

Foril=1...4

Figure A.8 — Trajectory of T; when P is reduced according to the derating curye

Ry i.c H(T,) is the temperature rise from the T to the T; by the derated power P(7;) acgording
to the increased 7, and the sum with the 7'would always show T} 5.

When t{he load power to the semiconductor is reduced according to the derating curve|as the
temperature rises, the thermally sensitive point (junction temperature T, for bipolar transgistors)
would always be the certain limited temperature 7j_,,,, but this is because the derating curve
is made to be so.

A.2.3 Derating curve-for resistors

As despribed in thistsubclause, the derating curves for resistors are based on a different point
of view. But, the“derating curves for resistors and semiconductors are similar in shgpe, so
they are often (mijsinterpreted. The largest difference is that the temperature of the thermally
sensitiye pointof the resistor will change when the power is reduced according to the derating
curve. In_contrast, the temperature of the thermally sensitive point of the semiconductof would
be a constant temperature as shown in Figure A.8. However, the range of the changqg of the
thermally sensitive point temperature including the heat stress caused by the temperature
difference between the resistor parts would be kept below the limited temperature which is
tested and verified by the resistor manufacturer.

As for the lead wire resistors, the heat dissipation through the lead wire by the heat
conduction is small compared to the convection and radiation. Therefore, under the natural
convection environment, the temperature rise against the ambient temperature 7, of each part
of the resistor is approximately the applied power and the specific proportional constant of the
resistor wherever the lead wire tip is connected.

In this example, the hotspot temperature T, will be used as the representative temperature of
each part. The hotspot is the hottest part of the resistor as mentioned in the terms and
definitions in Clause 3 and is generally located in the centre of the resistive element. The
behaviour of the temperature of the hotspot temperature 7\, when the load is reduced, along
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with the rise of the ambient temperature according to the derating curve based on Figure A.3,
will be considered using the temperature rise 4T}, from the hotspot ambient temperature 7.

The hotspot is only a representative example, so be aware that the hotspot temperature T}
changes in a definite proportion against the temperature rise 47,,_, from the hotspot ambient
temperature T, no matter which part of the resistor it is.

The rate of the temperature rise by self-heating from the applied power differs by each
resistor, so two cases are to be considered. One is a small temperature rise, and the other is
a large temperature rise from the applied power. In the graph in Figure A.9, the horizontal
axis shows the temperature rise 47,5, from the ambient temperature T,, the vertical axis

shows
examp
temper
same,

rise wil

When

temper
shown

And th
with a

When {

Formul

ws the

e of a small temperature rise, and Figure A.10 shows the example of\ 3 large

ature rise compared to the applied power ratio. Generally, if the applied powe
the temperature rise will be small when the constitution is large, and the)temp
| be large when the constitution is small.

is the
Brature

he rated power is indicated with P, (W), the thermal resistance Ry, 5 of the gmbient

ature T, to the hotspot for the resistors with a small tempefature rise would
in Formula (A.8).

Rips =50/ B (KIW)

e thermal resistance Ry, g of the ambient tempeTatare T, to the hotspot for the rg
arge temperature rise would be shown in Formula (A.9).

RinL =1807F (K/W)

(A.9) would serve to show!the characteristics of the resistor.

X
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Py (%)

40

be as

(A.8)

sistors

(A.9)

he leaded resistors are wired in-the air, most of the generated Joule heat T, would be
dissipaged into the atmosphere, so the' thermal resistance calculated from Formula (A

8) and

Key

P,

AT,

hs-a

20

0 50 100 150
AThs.g (K)

IEC

Fraction of applied power to the rated power

Temperature rise from the ambient temperature T, to the hotspot temperature

Figure A.9 — Leaded resistors with small temperature rise
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in Figure A.9 to the derating curve shown in Figure A.3. The result would be as sh
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Figure A.10 — Leaded resistors with large temperature rise

studied. The trajectory of T} can be calculated by simply adding the self-ger
emperature rise from the ambient temperature T, to the hotspot 4T,g ;)

A.11.
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Rated ambient temperature

Hotspot temperature (trajectory when load is derated)
Upper category temperature

Load life test point

High temperature exposure test point (7, will be maximum here)

Derating curve made by the method in Figure A.3 (Horizontal axis is the ambient temperature T)

Vector representation of temperature rise from the ambient temperature to the hotspot

Figure A.11 - Trajectory of 7}, for the lead wire resistors with small temperature rise
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In Figure A.11, the hotspot would reach the maximum temperature in the high-temperature
exposure test, but the heat stress caused by the temperature difference inside the resistor will
be the largest at the load life test. This is when the temperature difference between the
ambient and the hotspot temperatures becomes maximal and when the rated power applied at
T, is equal to the rated ambient temperature.

This means, for example, that the temperature gradient becomes large at the point where the
generated heat density is high, such as at the tip of the trimming line when the current is
applied, and the heat stress will become locally large. The local heat stress can be the cause
of degradation for some of the resistive elements.

The h at the
high-temperature exposure test when the entire resistor becomes uniformly the /maximum
temperature. On the derating curve, or within the entire area of the bottom left-hand [side of
the defating curve, unless under special conditions, the hotspot temperaturefand thHe heat
stress Wwill not exceed the above-mentioned maximum value. If the electric/electronic|device
designers used the resistors by reducing the power as the rise of the ambief¥temperature T,
accord|ng to the derating curve, the resistor will not be used under the gonditions that gxceed
the mgximum stresses (high temperature and heat stress) verified jn the load life tgst and
high-temperature exposure test implemented by the resistor manufacturer.

Next, for the resistor with a large temperature rise shown in Figure A.10, the power load ratio
reducefd as the temperature rises according to the derating curve made from the |test in
Figure |A.3 will be considered. The hotspot temperature ;" makes a trajectory as shown in
Figure |]A.12.



https://iecnorm.com/api/?name=bc8bf52d9986ba0f825003737ec52bca

IEC TR 63091:2017 © IEC 2017

— 33 -

A E
100 >
Point A / \ K
80 !
Q ;
»
= 60 \ S Ths
g G
A C \/ .
40 3 ,
\ .." Point B
2 -
c % :
0 50 Tra 100 150 200 250 T (°c)
uds
IEC
Key
T Temperature
o Fraction of applied power to the rated power
ra Rated ambient temperature
hs Hotspot temperature (trajectory when load is derated)
UCT Upper category temperature
Point A Load life test point
Point B High temperature exposure test point
C Derating curve made by the method in Figure A.3 (horizontal axis is the ambient temperature T,
D Vector representation of temperature rise-from the ambient temperature to the hotspot
E Point where the 7,  reaches the maximum temperature (at load life test)

Figure A.12 — Trajectory of 7, for the lead wire resistors with large temperature rise
In this| case, the hotspot, temperature and the heat stress caused by the tempgrature
differeqpce inside the registor becomes the largest during the load life test, which is when the
rated gower P, is applied”at the rated ambient temperature T,. It is not clear which condition,
the load life test orithé high-temperature exposure test, will make the heat stress caused by
the temperaturectisé of the entire resistive element the largest. However, on the derating
curve ¢r within'the entire area of the bottom left-hand side of the derating curve, the hotspot
tempernaturesand the heat stress will not exceed the above-mentioned maximum| value.
Therefpre;, i the electric/electronic device designers used the resistors by reducing the power
accord|ng™vto the derating curve, the resistor will not exceed the maximum stres$ (high

temperature and heat stress) verified in the load life test and the high-temperature exposure
test implemented by the resistor manufacturer.

There may be strange feelings that there is a case that shows T}, > UCT but, this case exists.
All the resistors that do not have the category power of zero have the operating range of
Ths > UCT. It could be easily explained by overwriting the temperature rise 4T 5 (from the
ambient temperature to the hotspot temperature T,,) applicable to each power applied to the
resistor on the derating curve as shown in Figure A.13. 4T}_, is proportionate to the power

applied to the resistor, so it is trivial without any specific data.
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Key
Prp Fraction of applied power to the rated power
Temperature
ra Rated ambient temperature
T Hotspot temperature (trajectory when load is derated)
UCT Upper category temperature
Point A Load life test point
C Derating curve made by the method in Figure A.4 (horizontal axis is the ambient temperature T,
D Vector representation of temperature rise fromi\the ambient temperature to the hotspot
E Point where the 7,  reaches the maximum-{emperature (at the test of UCT and category power)
F Test point at UCT and category power
Figure A.13 — Trajectory of 7},.'for resistors with category power other than 0|W
The UCT is just a segment to ‘categorize the test conditions so they are not defined acg¢ording
to the|upper temperatureylimit of the materials that constitute the resistor. This fis why
Ths > UCT is acceptable-
A resistor always has-‘a thermally sensitive point that will lose function when the tempgrature
becomes high. <Fherefore, if the thermally sensitive point temperature Tsp is set, the
temperpature just)before the function of the resistor is lost would be the maximum allpwable
temperature- (MAT). The condition for the resistor to function normally would be always|MAT =

sp*

Ts,.- Tq pass’the high-temperature exposure test, MAT = UCT shall be true. Additionallly, the
highesltemperature in the resistor is 7y, 50 T\q 2 Ty is trivial

By introducing this idea of the thermally sensitive point temperature Tsp and the maximum
allowable temperature (MAT) and showing it visually, it would be easy to explain the reason of
the derating curve for resistors and the reason why T, > UCT is acceptable in some cases.
Figure A.14 shows Figure A.12 added with the Tsp and the MAT.

The MAT is the physical temperature upper limit of the thermally sensitive point and as shown
in Figure A.14, TSp cannot exceed the MAT at any time. If there is an area that is TSp > MAT,
then it will not be able to pass the load life test. On the other hand, MAT > UCT would be
obvious.

The important thing is that if the resistor passes the load life test, it inevitably accomplishes
this relationship even when the thermally sensitive point against heat cannot be found and the
temperature limit MAT is unknown.
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However, in Figure A.14, this example shows a resistor that has a hotspot that is not the
thermally sensitive point, but for most of the resistors, the hotspot is also the thermally
sensitive point. In this case, T, < MAT will be the condition in which this resistor can be
safely used.

A
100
Point A /
80
e 60
2
A 40
20
0 ¢
0 50 7,, 100 150 200 250  T|(°c)
U&T MXT
IEC
Key
Prp Fraction of applied power to the rated power
T Temperature
T, Rated ambient temperature
Tis Hotspot temperature

Thermally sensitive point temperature
UCT Upper category temperature
MAT Maximum allowable temperature

Point A |Load life test point

C Derating curve made byithe method in Figure A.3 (based on ambient temperature)

D (Solid arrow) tempefature rise from the ambient temperature to the hotspot

E Point where the, Ti~reaches the maximum temperature (at load life test)

F (Dash arrow))Temperature rise from the ambient temperature to the thermally sensitive point

Kigure A:14 — Tsp and MAT for lead wire resistors with large temperature ris¢

As shogwnhin Figure A.15, the resistors with a small temperature rise as shown in Figlire A.9
will also come Into effect.

In this case, if the resistor passes the high-temperature exposure test, it inevitably
accomplishes this relationship even when the thermally sensitive point cannot be found and
the MAT is unknown.

From the above explanation, for resistors with large or small temperature rises, the derating
curves can be established by implementing the tests shown in Figure A.3 or Figure A.4 if the
load life test and the high-temperature exposure test are implemented and the determined
index, such as the resistance value change rates, is both within the standard values.

If the power is reduced along with the rise of the ambient temperature according to the
derating curves provided by the resistor manufacturer, the resistor will not be used in the
electric/electronic devices under the thermal and heat-stress conditions that are more severe
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than the tests implemented by the resistor manufacturer. This is the theoretical rationale that
the method of establishing and using the present derating curve is correct.
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P Fraction of applied power to the rated power
T Temperature

T Rated ambient temperature

Tis Hotspot temperature

Thermally sensitive point temperature

UCT Upper category temperature

MAT Maximum allowable temperature

Point A |Load life test point

C Derating curve made by the method in Figure A.3 (Based on ambient temperature)

D (Solid arrow) Temperature rise from the ambient temperature to the hotspot

E Point where the 7, _ reaches the maximum temperature (at load life test)

F (Dash arrow) Temperature rise from the ambient temperature to the thermally sensitive point

Rigure A.15 =7, and MAT for lead wire resistors with small temperature risg

However, many of the hotspots of the resistors are the thermally sensitive points. Fol these
kinds df résistors, Figure A.14 and Figure A.15 can be simplified as in Figure A.16.

From this point, the word "hotspot" will be used in place of "thermally sensitive points".
Therefore, for the resistors that have thermally sensitive points other than hotspots, take
"hotspot" to mean "thermally sensitive point".
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Point where T, = TSp becomes maximum temperature

Figure A.16 — Resistors for which the hotspot is the thermally sensitive point

A resistor that is like the one shown in Figure A.17 can exist on rare occasions. This resistor

has a hotspot temperature T}, during the load life test that corresponds with the UCT. In this
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case, when the power is reduced as the ambient temperature T rises in accordance with the
derating curve, the trajectory of T, would always be a constant value of UCT. When the
hotspot of this resistor is the thermally sensitive point and additionally UCT = MAT, this
derating curve will have a very similar meaning as that of the derating curves for the
semiconductors.
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Key
Prp Fraction of applied power to the rated power
T Temperature
T, Rated ambient temperature
Ths Hotspot temperature
TSp Thermally sensitive point temperature
UCT Upper category temperature
MAT Maximum allowable temperature
Point A Load life test point
C Derating curve made' by the method in Figure A.3 (based on ambient temperature)
D Temperature tise from the ambient temperature to the hotspot
Figure A-17 = Resistor that have derating curve similar to the semiconductof
The cdmmon mistake that electric/electronic device designers make is to think that]all the
resistofs\have the characteristics as shown in Figure A.17 by analogy with the derating|curves
for semiconductors. 1T all resistors have these Kinds of characierisiics, the meaning of the

derating curve will be very simple and, in a way, ideal. But, the core elements of materials and
structures that make up the resistors are not as uniform as those of the semiconductors. The
material and structure varies. As for the resistors, it is difficult to identify the thermally
sensitive point and the MAT in most cases. Therefore, it is very difficult to intentionally create
a resistor that has a derating curve as shown in Figure A.17 and, moreover, even if it is
developed, there is no advantage over the current derating curves.

If there was a resistor that has a derating curve as shown in Figure A.17 and a hotspot
(thermally sensitive point) that can be observed easily, the derating curve for this resistor
would be unnecessary. The conditions for use that would be provided to electric/electronic
device designers would be:
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1) the applied power shall be less or equal to the rated power P, and

2) hotspot temperature T, shall be less or equal to the UCT; this simplification will be the
advantage.
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Annex B
(informative)

The temperature rise of SMD resistors and
the influence of the printed circuit board

Temperature rise of SMD resistors

SMD resistors are always directly mounted on the printed circuit board for use. In this case, it
will be explained that the hotspot temperature of the resistor (the thermally sensitive point

compli¢cated, it \ewll be represented by the hotspot temperature Ths) is not unambiguo
when the ambient temperature 7, and the applied power is defined. Figure B.1 isya dia
the temperature distribution of a resistor including the board when the applied .powe
SMD rgsistor mounted on the board is escalated from 0,2 P to P, by 20 % for'the rate
P.. The graph on the right-hand side of Figure B.1 is a graph with the rated-power ratio
plottedfon the horizontal axis and temperature rise 47,4_, plotted on the\wertical axis.
and right graphs of Figure B.1 are adjusted to the height of the starting point and end

the te

perature rise vector AT, , (dashed arrow) and 4T} (solid arrow).

being
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Key
T Temperature rise of each part
T, Ambient temperature
Prp Fraction of applied power to the rated power
1 Resistor
2 Printed board
3 Pattern
4 Temperature of the edge of the board
a Temperature distribution (Rated,;power x 0,2)
b Temperature distribution (Rated power x 0,4)
c Temperature distribution (Rated power x 0,6)
d Temperature distribution (Rated power x 0,8)
e Temperature distribution (Rated power x 1,0)
AT, , Temperatdrerise (dashed line) from the ambient to the terminal
AT o4 Temperature rise (arrowed line) from the terminal to the hotspot
AT s.a Temperature rise (arrowed chain line) from the ambient to the hotspot, always AT, , + AT, _,
A When 0,2 times the rated power is applied to AT,
B When 0,4 times the rated power is applied to A7) _
C When 0,6 times the rated power is applied to A7 _
D When 0,8 times the rated power is applied to A7, _
E When 1,0 time the rated power is applied to 4T, ,

Figure B.1 — Temperature distribution of the SMD resistors mounted on the board

The temperature rise from the terminal to the hotspot AT, is the inherent value of the
resistor, which is determined unambiguously by the thermal resistance (described in Annex F)
of the resistor and the applied power. However, beware that the temperature rise from the
ambient temperature to the terminal A7, , can differ largely from the board material, pattern,
size and air flow.
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The vertical axis and horizontal axis of the right-hand graph of Figure B.1 is switched as
shown in Figure B.2 to add on the derating curve.

A ATy 4
80 e o ———
< 60 | ______ >
o
A 40 |
20 - >
0 >
0 AThs-a
1E(
Key
Prp Percentage of applied power to the rated power
AT, Temperature rise (arrowed dashed line) from the ambient to the terminal
AT, s |Temperature rise (arrowed line) from the terminal to the hotsgot
AT, ., |Temperature rise (arrowed chain line) from the ambient to the  hotspot, always AT, , + AT, _,

Figure B.2 — Temperature rise of the SMD resistors from the ambient temperatyre

SMD resistors are different from the lead wireiresistors, so not all of the heat generateq at the
resistie element is directly radiated into.the atmosphere from the surface of the resistor.
Most of the heat generated at the resistor{over 90 % of the heat for the resistors RR6332M or
smallef, the smaller it gets the rate approaches 100 %) first goes through the termirjal part
into the board pattern and raises the board temperature around the resistor. And then the
larger prea of the board is heated; and then the heat is dissipated into the atmosphefre. So,
the board acts as the heat sifk of the resistor. Therefore, when the heat conduction| of the
board is good and the heat transfer into the atmosphere is also good, the 47, , will bg small.
But whien the heat conduction of the board is poor and the airflow around the board |s bad,
and thg heat transfer into the atmosphere is poor, the 4T;_, will be large.

On the|other hand,"most of the heat generated at the resistor will conduct to the terminal part
so the YT, iscconstant and does not depend on the board.

Howevery when strong forced air cooling is implemented, heat dissipation directly into the
atmospghere from the SMD resistor surface will become unignorable, so 4T, .; will be gmaller
than the value under the no-wind condition. But, the amount of heat dissipation is very small
compared to the decrease of AT, , caused by the forced air cooling of the board under the
same wind speed condition, so the decrease of 4T, , + 47,5 when the forced air cooling is
implemented would be mostly the decrease of AT,_j.

When the change of AT, , + AT, and AT, , are compared, it is permissible to ignore the
change of 4T} ¢ .

The heat path of SMD resistors differ greatly from the lead wire resistors that were connected
in the air and radiate directly into the atmosphere as mentioned in Clause 4. The heat
dissipation of SMD resistors depends largely on the board. Figure B.3 shows the
measurement system and data. Figure B.4 and Figure B.5 are the data.
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Dimensions in millimetfes

A
A 4

A
\ 4

IEC

Key
1: RR2(012M resistor 0,25 W, applied
. Copger pattern, 2 kinds (thickness 35 ym and 70 pym)

: Thickness1,6 mm'FR4 board (set horizontally, above 40 mm from the desk)

. Infrafed thermograph (magnification lens of 50 uym per pixel)

2
3
4: Meagure temperature rise from the ambient temperature of the dotted line area
5
W

. Pattermwidthy, 5 RMads (0,5 M, 0, 1,5 T, 2,0 and 39,07

Figure B.3 — Measurement system layout and board dimension

T'-T, in Figure B.4 and Figure B.5 are both temperature rises. So, for example, when
T, =25 °C, add 25 °C to the value read from the graph to obtain the actual temperature.
When the same power is applied to the same resistor, but the width and thickness of the
pattern is different, the surface hotspot temperature Ty, and temperatures of the other parts
will change. Tg,s will become 110 °C when T, = 25 °C, pattern width 0,5 mm and thickness
35 uym. On the other hand, it will not even reach 50 °C when T, = 25 °C, pattern width 39 mm
and pattern thickness 70 ym.
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Figure B.4 — Temperature rise of RR2012M (thickness 35 pm, 0,25 W applied)
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Figure B.5 — Temperature rise of RR2012M (thickness 70 ym, 0,25 W applied)
B.2 |[The influence of the printed circuit boards
Suppoge that the resistor manufacturer mounted the SMD resistors on the boafd and
established the derating~curve according to Figure A.3 and the methods mentioned in| Annex
A. Pregsume that the SMD resistors used here are the ones in which the hotspot tempgrature
Ty, Of he load life test do not exceed the high temperature exposure test temperature |(UCT),
such a$ the leadé€d-resistors with a small temperature rise shown in Figure A.9.
And then, think about what would happen to the hotspot temperature when the applied power
to the fesistor is reduced according to the derating curve as the ambient temperature riges, on
the exbs board—Fi e—B-6—sho hetemperaturerise om—ambient—te—hotspot

o described in Figure B.2 by the sum of 4T, (temperature rise fr

om the

terminal part to the hotspot) and 47,_, (temperature rise from the ambient to the terminal part).


https://iecnorm.com/api/?name=bc8bf52d9986ba0f825003737ec52bca

- 46 - IEC TR 63091:2017 © IEC 2017

Point T
100 % ATt
PointA NG
80 _—— = —
60 i :
=
ns 40
Cc
L0 int B
0 >
Tra
IEC
Key
Prp Percentage of applied power to the rated power
Temperature
ra Rated ambient temperature
Tis Hotspot temperature
UCT Upper Category Temperature

Point A Load life test point
Point B High temperature exposure test point
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Point T Terminal part temperature of the resistor at the load life test

T

Temperature rise from the ambient to the f&rminal part

Temperature rise from the terminal part to the hotspot

\ Terminal part temperature

Figure B:6 — Trajectory of the terminal part and
hotspot temperature of the SMD resistors

In this [case, the condition at which the resistor is set would be completely the same|as the
test condition at which the derating curve was established so the maximum temperature will
not exgeed the-UCT. This would be the same idea with the leaded components. Additlonally,
the hegt stress.would not exceed 47}, of the maximum value of the load life test.

But ngxt,“it is necessary to think about the correspondence between the actual|usage
condition of the SMD resistors in the electric/electronic devices and the derating curve
defined by the resistor manufacturer. Of course, the actual boards used in the
electric/electronic devices are not the same boards that are used in the load life test
implemented by the resistor manufacturer. There might be many heat-generating components
other than resistors mounted on the board, or the resistors might be densely mounted. For a
brief explanation, suppose that the actual boards used in the devices have the same board
and layout as the boards used in the load life test, but with a narrow wiring pattern width.

In this case, Figure B.6 would change as shown below.
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Point T Original terminal part temperature of the resistor at the load life test

Point T'| Terminal part temperature of the resistor at the rated load, rated ambient temperature on th¢ narrow
pattern board

T, Terminal part temperature (when the load is derated on the test board of the manufacturer)
Ty Terminal part\temperature (when the load is derated on the board with narrow pattern)
MAT Maximuniz\Altowable Temperature

Figure B.7<=~Operating temperature of the resistor on the board with narrow pat{erns

ATy , islexpected to be larger than Figure B 6 on the boards with narrow patterns, as shown in
the samples of Figure B.4 and Figure B.5. To discriminate the 4T, , in Figure B.6, it is
described as 4T, _4 in Figure B.7. When the rated power is applied, the terminal temperature
moves from point T in Figure B.6 to point 7" in Figure B.7 for AT, , — 4T, to the high
temperature side. The temperature rise from the terminal part to the hotspot 47, does not
change if the applied power is the same, even when the pattern width is different. As a result,
even if the load is reduced along with the rise of the ambient temperature according to the
derating curve established by the method in Annex A and shown in Figure A.3, the hotspot
temperature of the resistor will exceed the temperature verified in the test implemented by the
resistor manufacturer if the board is using a narrow pattern. In Figure B.6, there is a
possibility of exceeding the UCT, or even the MAT. In this case, it is impossible to achieve the
reliability which the resistor manufacturer assures even if the electric/electronic device
designers used the resistor according to the derating curve.

This disadvantage is caused only because the electric/electronic device designers used a
board with a narrower pattern than the resistor manufacturer used. The high temperature of
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the terminal part as shown in Figure B.7 can occur by just placing heat-generating
components close by or when the copper pattern thickness is thinner.

Recently, in automotive applications, the design of electric/electronic devices for use under
high temperature, and high-density mounting for miniaturization has advanced. From these
demands, requests for raising the rated power are escalating against resistor manufacturers.
In this situation, the ambiguity of the derating curves will not only confuse the equipment
design of the electric/electronic device designers, but increase the risk of causing actual
accidents.

The point is made that the current derating curves provided by resistor manufacturers for
SMD resistors with the ambient temperature on the horizontal axis is too ambiguous, and they
cannot|be used directly in design activities. This recognition needs to be shared betwgen the
electrid/electronic device designers and the resistor manufacturer.
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Annex C
(informative)

The influence of the number of resistors
mounted on the test board

General

There are other disadvantages to using the traditional derating curves based on the ambient
temperature in addition to the points mentioned in Annex B.
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nan the specific types defined in IEC 60115-8. The third réason is that it is diffi

5t and second reasons will be explained in thisSAnnex C, and the third reason
ed in Annex D.

The influence of the number of resistors mounted on the test board

hd life test board for the specifiedishape SMD resistors are basically defined
115-8. In particular, the minimum pattern length, pad size and pitch for the
I, resistor type and size are defined. Therefore, at a glance, it looks as if any 1

ature and apply the sameé power to each resistor and define the temperature
. But in reality, they.cannot. It is because the number of samples mounted 4§
ent of the thermal conductivity of the board are not defined, so the AT;_, in Fig
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Figure C.1 — Test board compliant with:the IEC standard for RR1608M
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Figure C.3 — Infrared thermograph image in the same scale when '<\
power is applied to 5 samples and 20 samples (19
o
C.3 [The delay of correspondence for current products with na&tandard

dimensions
L

The sdcond reason will be explained. Currently, many uniquely-shaped SMD resist¢rs are
developed and are sold with large rated powers. However, e is no common standard
about the test board for these uniquely-shaped SMD resisiq}s. As mentioned in Annex B,
Figure|B.3 and Figure B.4, SMD resistors use the patter as a heat-sink, so if the reqistor is
required to have the largest rated power possible und e test environment with th¢ same
ambier|t temperature, it is necessary to use a test Q d with a wide-width pattern |and to
reduce|the temperature rise from the ambient envir@ment of the resistor.
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Annex D
(informative)

Influence of the air flow in the test chamber

D.1 General

Figure D.1 shows the relation between the temperature rise of the terminal part of RR6332M
and wind speed. It shows that the temperature rise of the resistor will drop much more than

with natural convection, even with a famt airflow. The airflow is caused by the agitati
which i ver—apt
the resfistor would be the same even when the alrflow cond|t|on changes Ten samples
RR633PM were mounted on the test board and 1 W was applied to each sample.(The
axis is [the rise from the ambient temperature to the terminal part temperature, but'the
temperature would be the terminal part temperature plus the certain offset temperaturg
accord|ng to the applied power, regardless of the wind speed. Therefore,)the trend
graph would be the same for the hotspot temperature as well. The reason why the
temperature would be the terminal part temperature plus the certain_offset temperatu

ion fan
plied to
of the
yertical
hotspot
AThs-t
of this
hotspot
re was

mentioned in Annex B. SMD resistors have small surface areas, So. the heat dissipation by

heat transfer from the resistor surface to the atmosphere would be _extremely small reg
of the airflow compared with the heat dissipation via the terminal.part by heat conductig
board |compliant with IEC 60115-8 is used in the experiment. The board used

RR160BM is shown in Figure C.1. The number of samples mounted is shown in Tab
There

D.2 |Influence of the wind speed

prdless
n. The
or the
le D.1.

are 10 samples mounted for the large products and)20 samples for the small prodlucts.

The tefminal temperature is measured with a type K thermocouple of 0,1 mm in wire digmeter.

The temperature measurement errors by dhe thermocouple will be mentioned later, by
when measurement errors are considered, it is possible to observe the large decreasq
temperature rise when there is a faint’breeze of about 0,4 m/s to 0,7 m/s compared W
conditipns with only natural convection.

Figure|D.2 shows the test system for the natural convection flow and Figure D.3 sho
test sygtem with air flow.

t even
of the
ith the

ws the
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Figure D.2 — Test system for the natural convection flow
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The test was implemented to products other than the RR6332M as well. The test boards are
compliant with IEC 60115-8 just like the boards used in Figure C.1. The dimension of the
entire board is 115 mm wide and 80 mm long for all resistor sizes, and the pattern width and
the mounting pitch are all stated in IEC 60115-8. The number of samples mounted and the

applied power for each sample is shown in Table D.1.
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The thermocouple for the three sizes RR6332M to RR3225M are directly soldered to one side
of the resistor terminal part (centre of the solder fillet) for all 10 samples mounted on one test
board. The thermocouple for the four sizes RR3216M to RR1005M are directly soldered to
one side of the resistor terminal part (centre of the solder fillet) to every other sample, in total
10 samples out of the 20 resistors mounted on the test board.

The results are shown in Figure D.4, Figure D.5, Figure D.6, Figure D.7, Figure D.8 and
Figure D.9.

Table D.1 — Number of samples mounted and the applied power

Size____| Number of samples mounted ononeboard |  Applied power for each resistor

w

RR6332M 10 1

RR5025M 10 0,75

RR322%M 10 05

RR3216M 20 0325

RR2012M 20 0,125

RR1608M 20 0,1

RR100%M 20 0,063
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Figure D.3 — Observing the influence of the agitation wind in the test chamber
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Figure D.4 — Wind speed and the terminal part temperature rise of the RR5023M
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Figure D.5 — Wind speed and the terminal part temperature rise of the RR3225M
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Figure D.7 — Wind speed and the terminal part temperature rise of the RR2012M
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Figure D.8 — Wind speed and the terminal part temperature rise of the RR1608M
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Figure D.9 — Wind speed and the terminal part temperature rise of the RR1005M

It is obvious that the temperature drops largely compared with the natural convection when
there is even a faint airflow in all the sizes. If all of the resistor manufacturers implemented a
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load life test using only the test chamber with complete natural convection, at least the
temperature difference of the test condition between each manufacturer caused by the
agitation airflow in the chamber would be resolved. This would be ideal for some sides, but it
would be impossible because of the cost. The important part is that the resistor manufacturers
need to find a method that is able to provide electric/electronic device designers with rated
power and derating curves that can be used in design activities even when the load life test
for SMD resistors are implemented in test chambers with agitation airflow.

However, the temperature under the condition of the horizontal airflow against the board on
which the resistor is mounted is also measured. It will be shown in Annex K. The same trend
can be seen, but the temperature difference between the natural convection and with air flow
is slightly smaller. The cause is thought to be as follows. When the airflow is set horizontally
against the board surface on which the resistor is mounted, the experimenf will be
implemented in a wind tunnel, and the printed circuit board will be set in the direction in which
the airfllow will not be interfered, so it will be a laminar airflow. When it is a laminarairflpw, the
thermal boundary layer becomes thick, so, generally, the heat transfer coefficient bgcomes
low compared with the turbulent airflow. When the board is set as shown-ip)Figure 0.3, the
wind wijill become a turbulent airflow and the thermal boundary layer does,not get thi¢k, and
the heat transfer coefficient becomes higher than the laminar airflow, solthese results [can be
seen epen when the wind speed is the same.

When & load life test using the test chamber is implemented by the resistor manufacfurer, a
partition is often used to prevent the agitation airflow from directly blowing onto the [printed
board pnd reducing the wind speed, but this has a high probability of making a turbulent
airflow| so the temperature drop can become larger than‘the laminar airflow even when the
wind speed close to the board is the same.
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Annex E
(informative)

Validity of the new derating curve

Suggestion for establishing the derating curve based on the terminal part
temperature

The derating curve that can resolve the disadvantages mentioned in Annex B, Annex C and

Annex
the po
implem
temper
point"
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Key
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UCT
Point A

D will be studied. The answer is to establish a derating curve using the temperature of

Wmmmmm—qfe test
ented by the resistor manufacturer. The first candidate would be the\hotspot

ature, or the thermally sensitive point temperature. From here on, "thermally sgnsitive
vill be referred to as "hotspot temperature" to prevent confusion.

Point T Point H

Point A /

Point|B

Percentage of applied-power to the rated power
Temperature

Rated ambient temperature

Hotspot temperature

UppenrCategory Temperature

[0ad life test point

Point B
C
AT,

t_a

AThs-t

Point T

Point H

Figure
therma

High temperature exposure test point

Derating curve based on the ambient temperature
Temperature rise from the ambient to the terminal part
Temperature rise from the terminal part to the hotspot
Terminal part temperature at the load life test
Terminal part temperature

Hotspot temperature at the load life test

Figure E.1 — Derating conditions of SMD resistors
on the resistor manufacturer test board

E.1 is Figure B.6 shown again. The derating curve defined with the hotspot (or
Ily sensitive point) means that, in concrete terms, the derating part is a straight line
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drawn from point H to the UCT. In this case, the horizontal axis 7 would be the hotspot
temperature.

The electric/electronic device designers should measure the temperature of the hotspot of the
resistor and confirm that the power consumption ratio against the rating is under the derating
curve that is defined with the hotspot temperature. From this verification, the usage condition
of the electric/electronic device designers would be surely within the maximum temperature
and maximum heat stress confirmed by the test implemented by the resistor manufacturer.

But, unfortunately, there are flaws in this derating curve using the hotspot temperature as the
horizontal axis. The defects are shown below.

The repistors that have a hotspot that can be observed from the outside are Iimitﬂ?. The
hotspot does not mean that it is the thermally sensitive point of the resistor. Therefore, it
cannot|be said that it is OK to just control the hottest part of the resistor.

Even iff there were a resistor whose hotspot was its thermally sensitive point that needp to be
controlled, and it was able to be observed from the outside, the method(would be a pfoblem.
The firgt piece of equipment that would come to mind to measure the hotspot tempgrature
from thHe surface would be the infrared thermometer. But, the infrared thermometer can only
measufe the temperature of an area that can be seen from the gutside. It would be imppssible
to megsure and control the hotspot temperature of the resistordirectly when it is insjde the
chamber during the test. Additionally, it would be also impossSjble for electric/electronic|device
designers to measure the hotspot of the resistors thatlare mounted on the board gnd set
inside the chassis and operated. The details would beyexplained in Annex G but to measure
the exfremely small hotspot of a small-size SMD resistor would need a close-set magnifier
with sdJfficient spatial resolution. This means that.these kind of lenses need to be spt very
close (|n the order of a few centimetres) to the object for it to be measured. From this point of
view, il would be impossible to measure thesdirect hotspot temperature under the conditions
of the|load life test carried out by the_sresistor manufacturer and the actual opfrating
conditipns at the electric/electronic devicegdesigner side.

This is| only a presumption that there is a resistor that has a hotspot that can be objserved
from thHe outside, and this hotspgt;is the only point that needs to be controlled. The method
that would be appropriate when>'making assumptions about the hotspot temperature| of the
resistof that is under test‘in the test chamber by the resistor manufacturer sholuld be
considgred. First, set the-board used in the test on the table under the thermally peutral
environment and the temperature rise from the ambient temperature to the hotspot 47, _, will
be measured. Next,.add the 4T, ¢_, to the set temperature of the test chamber and predict that
it is thg hotspot temperature of the resistor under test in the test chamber. This seems [correct,
but it i§ wrong.

It is impossible for all the resistor manufacturers to implement the test in a completely hatural
convedtioh/test chamber. In reality, there is airflow in the test chambers. As mentigned in
Annex D, even a faint breeze of 0,4 m/s to 0,7 m/s would inferrupt the temperature rise
compared with the temperature rise 47,45 under the natural convection environment.

The same thing could be said of the actual usage conditions from the electric/electronic
designer's side. For example, suppose that the electric/electronic designer opened the
chassis or took out the printed board from the chassis and set it in open space and operated
the equipment and measured the hotspot temperature of the resistor 7} . At the same time,
suppose that the base point is set somewhere on the board and measured as T,y with an
infrared thermograph. Then, attach a thermocouple to the point where T, was measured, and
put it back into the chassis and activate the equipment and measure the base point
temperature 7', o; with the thermocouple. In this case, the hotspot temperature 7',4 of the
resistor inside the chassis will not become 7't + (Thg — Tyef). If T of Was very close to the
resistor, such as the terminal part of the same component, it may happen, but when the
measured point of 7., and the place where the resistor is mounted becomes farther, the
difference between T',g and T' s + (Ths — T,ef) Will get larger. This is because the temperature
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distribution on the board set inside the chassis will not become the same as the temperature
distribution of the board alone or with a part of the chassis opened, unless the chassis is
extremely large compared to the board. Besides, if a fan is used for air cooling, this method
cannot be used.

The above problems are all hard to resolve, so it is difficult for the resistor manufacturer to
provide the derating curves based on the hotspot. Even if it were possible, the index would
become something that electric/electronic device designers would find difficult to use for
verification of use.

However, the surface hotspot temperature can be calculated if the applied power, the thermal
resistapce between the surface hotspot of the resistor and the terminal part Ry .. 4 and the
termingl part temperature could be measured. Even if resistors that could be deratéd|by the
surface hotspot are developed, it would be necessary to measure the terminal part

temperfture for operation.

Figure |E.1 will be reviewed to see which point would be optimum for the horizontal axig of the
derating curve.

The temperature rise from the terminal part to the hotspot 47, s the inherent valug of the
resistof when the applied power is defined. The thermal resistance from the terminal |part to
the hofspot of the resistor would be Ry, ps.t- The hotspot demperature would be T{i.. The
termingl part temperature would be 7,. The power applied(to the resistor would be |P. The
formula to calculate the hotspot temperature is shown in.Formula (E.1).

Ths =Tt + AThs_t =Ipyt Rih.hs—tP (E.1)

Actually, the Ry, hs.t Would be the characteristic value of the resistor. To avoid confusipn, the
formulq is omitted. As already explained, when the hotspot is not the thermally sensitive point,
the hotspot should be read as the thermally sensitive point.

What if the terminal part temperature T, is set as the horizontal axis of the derating cufve and
uses this temperature as the\iemperature measurement point common to both fesistor
manufacturer and the electric/electronic device designers? It means using the trajectory of the
terminal part temperature (straight line connecting the Point T and UCT) in Figure E.1|as the
derating curve

This derating curve.will be called the derating curve based on the terminal part tempgrature.
From Here on, the-traditional derating curve would be called the derating curve based|on the
ambier|t temperature for discrimination.

The 47},s{to power ratio is Ry, hs.t P, SO it would be reduced in proportion to power. Figlre E.2
shows theTetationstip between 27, ., @apptied power and hotspot temperature whem derating
is implemented according to the derating curve based on the terminal part temperature.

Of course, the hotspot temperature would conform to the derating curve based on the hotspot
temperature (line connecting point H and UCT).

Reducing the load according to the derating curve based on the terminal part temperature is
equivalent to reducing the load according to the derating curve based on the hotspot
temperature.
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Key
Prp Percentage of applied power to the rated power
T Temperature
T, Rated ambient temperature
T, Rated terminal part temperature
T Hotspot temperature
UCT Upper Category Temperature
Point A Load life test point
Point B High temperature exposure test point
C Derating curve based on the ambient temperature T,
AT, , Temperature rise from the ambient to'the terminal part
AT, ot Temperature rise from the terminal’part to the hotspot
Point T Terminal part temperature atthe load life test
T, Terminal part temperatute
Point H Hotspot temperaturevat the load life test
1 ATpg = Ry pe e ? 10 X P,
2 ATpe = Rip Rt * 0.8 x P,
3 AT =i psy * 0,6 x P,
4 ATjgp™ R py * 04 x P,
5 AF st = Ripnst ¥ 0.2 % P,
Figure E.2 — New derating curve provided by the resistor

manufacturer to the electric/electronic designers

It is possible to measure the terminal part temperature by using a thermocouple during the
load life test by the resistor manufacturer or under the operating condition when the
electric/electronic designer mounted the resistor on the board inside the chassis. This is the
important advantage of the derating curve based on the terminal part temperature.

The most important advantage of the derating curve based on the terminal part temperature is
that it is theoretically equivalent to the derating curve based on the hotspot temperature. Even
when the hotspot position or the limit value is unknown, the electric/electronic device
designers can be sure that they are using the resistor below the maximum temperature and
heat stress confirmed by the resistor manufacturer, as long as the power ratio is reduced
below the derating curve as the terminal temperature rises. Introducing the derating curve
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based on the terminal part temperature as shown in Figure E.3 is the only method to resolve
all the mentioned disadvantages.

Therefore, a suggestion is made for the resistor manufacturers to provide the derating curve
based on the terminal part temperature by measuring the terminal part temperature of the
SMD resistor during the load life test using the thermocouple. The electric/electronic device
designers are recommended to use the SMD resistors by reducing the loads according to the
derating curve based on the terminal part temperature.

Point T

0 T, MTT

Figure E.3 — Derating curve based on the terminal part temperature

Eventuplly, the derating curves that would be provided by the resistor manufacturers| to the
electrid/electronic device designerscwould have the terminal part temperature as the
horizontal axis as shown in Figure E.4.
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Prp Percentage of applied power to the rated power

\ Terminal part temperature

rt Rated terminal part temperature

MTT Maximum terminal part temperature
Point T Terminal part temperature at the load life test
Point H Hotspot temperature at the load life test

Point B High temperature exposure test point

Figure E.4 — Derating curve based on the terminal part temperature

E.2 |Conclusion

The dgrating curves for resistors based on ambient temperature were established gnd the
methods were defined more.than 50 years ago, during the era of vacuum tubes, whep large
resistofs with lead wires were connected to lug terminals. In those days, the heat genenated in
the redistor was radiated)into the ambient atmosphere by radiation and convection. $o, the
resistof body temperature was the sum of the ambient temperature and the temperatyre rise
by selftheating. Thetefore, it was reasonable for the ambient temperature to be the standard
for the|derating curve defining the thermal approach in the use of resistors.

However, the*heat path for SMD resistors is mainly the heat conduction through the jprinted
board, jand heat dissipation from the resistor body to the ambient atmosphere by radiatifon and
convecter—is very tow—SMB—resistors—are uo;lly tre pl;lltcd boards—as—a—heatsinric—AHen the
printed boards intervene in the heat path, various disadvantages occur to the derating curve
based on the ambient temperature.

The largest disadvantage would be when the same power is applied to the same SMD resistor.
The temperature of the resistor will change drastically depending on the heat dissipation
capability of the printed board, even when the ambient temperature is the same. Under such
circumstances, the electric/electronic device designers cannot use the derating curves in their
design activity even if they were established by the resistor manufacturers by implementing
tests using the printed boards that conform to the standard. The reason is the heat dissipation
capability of the printed boards used in the test implemented by the resistor manufacturer and
the printed boards that the electric/electronic device designers actually use are different.
Especially when watching the recent trends of the market, such as requests for raising the
rated power and prolonging operating life, the current derating curves based on the ambient
temperature are inadequate as design tools for the appropriate use of SMD resistors by
electric/electronic device designers.
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Therefore, establishing a new derating curve for SMD resistors is an urgent need so that the
electric/electronic device designers can use them in their design activity. The first idea was to
use the derating curve based on the hotspot temperature of the resistor. But, the resistors
that need to control only the hotspot temperature are rare and measuring the accurate hotspot
temperature is difficult. As a result of reviewing from various angles, using the derating curve
based on the terminal part temperature of the resistor is suggested.

However, the derating curve for resistors is often misconceived with the analogy of the
derating curve for semiconductors. The derating curve for semiconductors is determined to
prevent the thermally sensitive point from exceeding a certain temperature, such as the
junction temperature. On the other hand, the derating curve for resistors is a curved line that
is determined in the test for which the resistor can be used if the load is derated according to
the cunve along with the temperature rise. Before the use of the derating curves for segistors,
the difference with the derating curves for semiconductors should be recognized.
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Annex F
(informative)

The thermal resistance of SMD resistors

The thermal resistance of the ambient temperature of the surface hotspot of the resistor
Ry, snhs-a 18 the sum of the thermal resistance of the ambient temperature to the terminal part
of the resistor Ry, (., and the thermal resistance of the surface hotspot to the terminal part
Ry shs-t- The additional characters mean the following:

e "shs" means "surface hotspot",

e "a"|means "air", and

e "t" Imeans "terminal".

The thermal resistance of the ambient temperature to the surface hotspot, of the fesistor
Rin shs Only has the meaning of an inherent value for the resistor. This“is becayse the
thermal resistance of the ambient temperature to the surface hot spot R is largely different
from the mounted board material, pattern, components mounted close’by, the fixing method of
the board to the chassis and the presence of airflow. Formula (F/1). shows that the thermal
resistapce Ry, shs.t» Which is an inherent value of the resistor, ,is_the temperature difference
betwegn the surface hotspot and the terminal part of the resistor.divided by the applied power.

Rip.shs—t = (Tshs - Tt)/P (F.1)
Where
Tshs i$ the surface hotspot temperature,
Ti i$ the terminal part temperature,
P i$ the power applied to the resistor:;

Howevepr, the thermal resistance defined here is not the thermal resistance in a strict|sense.
The thérmal resistance in a strict.sense would be as follows. The thermal resistance bgtween
A and B (Ry, 5p) Would be defined as below when there is temperature difference AT bptween
surfacg A and surface B in the'thermal path of heat P as shown in Figure F.1.

Rinap =A4AT 1 P (F.2)

Formula (F.2) (sybased on the presumption that A is a homogeneous high-temperature part
and B [s a hemogeneous low-temperature part, and the whole of P must be flowing frdgm A to
B.
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Key
A Igothermal surface of the high temperature side
B Igothermal surface of the low temperature side

AT Tlemperature difference between A and B

hermal flow from surface A to surface B

~
—

th ab Thermal resistance between surface A to surface B

Figure F.1 — Definition of the thermal resistance.in a strict sense

On the|other hand, the heat source of the resistor is the~whole part of the resistive bofdy (the
example is the flat chip resistor). The heat flows ffonT each heat-generating point|{to the
termingl part through the base material (mainly the\alumina ceramic) along various [routes.
The tefminal part temperature T; can be fixed*as point B shown in Figure F.1, but the
temperature of the resistive body would give a distribution like a nearly parabolic shape with
the surface hotspot T, as the peak if it was observed from the surface of the resistor.|This is

shown[in Figure F.2.
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Key
1 Resistive element of the resistor
2 Pattern
3 Temperature distribution
4 Heat flux
P Heat flow
Tens Surface hotspot temperature
T, Terminal part temperature
Ry shst | Thermal resistance of resistor
Figure F.2 — Thermal resistance of the resistor
P is nat generated only)from T, and does not flow into one T;. In this case, the meaning of
the thefmal resistance is different from the case shown in Figure F.1.
The power P_of-a resistor is the total heat generated in the whole resistive element. Not only
the hogspof, jbut the low-temperature parts also generate heat and the temperature| of the
inner hotspot is higher than that of the surface hotspot. But, to derive the thermal res|stance
of the |Uoiotuf, the-surface hutoput F, that-ecanbeobservedisoftenused-asthe typlu I hlgh-

temperature part. The heat of P should be divided to both terminals, but it would be treated as
one as if it were the typical low-temperature part. In reality, there is a difference between the
proper thermal resistance and the thermal resistance of the resistor. But, it is true that the
difference between the surface hotspot temperature T, and the terminal part temperature T;
is proportionate to the power P. Therefore, by measuring

Rih shs-t = (Tshs - Tt)/P

and defining that this is the thermal resistance of the resistor, it would be convenient to derive
the surface hotspot temperature from

Tshs = Rth shs-t P+ Tt
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by setting the terminal part temperature 7; and applied power P. On the other hand, it is
possible to derive the terminal part temperature from

Ty = Tshs ~ Rin shs-t P

by setting the hotspot temperature Ty, and applied power P. This would be the purpose of
defining, measuring and providing the thermal resistance from the terminal part to the surface
hotspot Ry, sns-t tO the electric/electronic device designers.

For example, when the electric/electronic device designers apply coatings to the printed board
with resin, they need to keep the surface temperature of the resrstor below the temperature at
which S . Y - can be
easily
thermofcouple, even when it is set inside the chassis and cannot directly measure the gurface
hotspot with the thermograph.

It is offen the case that electric/electronic device designers need to estintate the tempgrature
of the purface of the printed board and verify that it does not exceed_the upper tempgrature
limit ofl the printed board. Especially in recent years, SMD resistors{that have the resistive
elemer]ts on the board side, so-called reverse mount resistors, have appeared on the fnarket.
For these kinds of resistors, the board side of the resistor where the resistive element is
located, which cannot be observed from the surface, can reachna higher temperature than the
observpble side. The detail of the recommended measurement method of Ry, ¢ns.t» Whigh uses
the copper block, will be explained in Annex H. For revérse mount resistors, they should be
flipped|over and then mounted on the copper block seythat the resistive element side [can be
observed when Ry, ¢ns.t IS measured. If Ry, <ot iSoprovided to the electric/electronic|device
designers, they can verify if the temperature exceeds the upper limit of the printed bard or
not under the operating conditions.

Howevper, for all resistors, including the - reverse mount resistors, the temperature|of the
resistof’s surface facing the printed board can be estimated by measuring Ry, ¢hst With the
recommended measurement method~using the copper block as shown in Annex [H and
Formula (F.3).

Tshs = Rih.shs—tP + Tt (F.3)

When Formula (F.3) isjused, excess margins could be set because the heat of the gurface
hotspo} that faces the‘printed board will be dissipated via the atmosphere to the printedq board,
so there is a high/possibility that the temperature will be lower than the calculated valgye. The
measufement.or the estimation of the temperature of the printed board just under the flesistor
is a future subject which is explained in Annex M.

The follew not set
thermocouples to all the resrstor f|IIets and verify the temperature under the operatrng
conditions (printed boards set inside the chassis and activated) at the equipment design
phase. They need to determine which resistor terminal needs to be measured. In this case,
the electric/electronic device designers need to find out the relevant resistor fillet to measure
with a thermocouple by taking out the printed board from the chassis to make it possible to
observe the surface directly and use the infrared thermograph and directly measure the
terminal part temperature under the operating condition. It would be simple if the fillet
temperature could be measured from the temperature distribution images of the infrared
thermograph, but it is not that easy. Since the terminal part is formed with solder which has
low emissivity, and also the target surface is a fillet and it is not horizontal against the board
surface, the emissivity cannot be adjusted unless the entire board is coated with black body
spray. Even if the board can be coated, the infrared thermograph will be focused on the
surface hotspot which is hotter than the terminal part. Therefore, it would be difficult to
identify the terminal part from the temperature distribution images. If Ry, st iS provided at
this point, the electric/electronic device designers can predict the terminal temperature from
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the surface hotspot temperature Ty, which is easier to measure since it is focused in the
thermal distribution image of the infrared thermograph. This would help define which resistor
fillet needs to be measured with the thermocouple.

However, the infrared thermograph that the electric/electronic device designers normally use
cannot measure the correct T, because it does not have the sufficient spatial resolution.
The method of estimating the terminal part temperature using the infrared thermograph will be
explained in Annex I.

If the determination of whether the resistor can be used or not is possible by the surface
hotspot temperature T, and power limitation of some kind, the submission of Ry, sy t0 the
electriclelectronic—device dncignnre would be necessaky This means nei‘imni‘ing the surface
hotspot temperature under the operating condition inside the device. As mentioned béefgre, the
surface hotspot temperature of the resistor inside the chassis cannot be measured |by the
infrared thermograph. If Ry, shs is provided, Ty, can be derived from Formula (f.3) by
measufing the terminal part temperature T; with the thermocouple.
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Annex G
(informative)

How to measure the surface hotspot temperature

G.1 Target of the measurement

The meaning of measuring the surface hotspot temperature is mainly to measure the thermal
resistance of the resistor, Ry, ghs.t-

Of coufse, If the determination of whether the resistor can be used or not is possmle'Lby the
surfacg hotspot temperature and the applied power, the measurement of the surface*hotspot
temperfture would be to define the use, but, as mentioned in this annex, when us|ng the
infrared thermograph and directly measuring the temperature, the lens ' magnification
percentage and the peak detection capability needs attention.

G.2 |[Recommended measuring equipment

Basically, an infrared thermograph is recommended for measuring-the surface hotspot.[But by
using the ultra-fine thermocouple with a special wire diameter of 25 ym, or an ulfra-thin
thermolcouple with a thickness of 20 um (for example manufactured by ANBE SMT Col1), the
hotspots with the size around 100 um in diameter can bemeasured with a comparativgly fine
precisipn.

G.3 [Points to be careful when measuring the surface hotspot of the resistor
with an infrared thermograph

G.3.1 General

The dqtails of basic precautions and points when using the infrared thermograph, such as
fitting the emissivity and adjusting the focus correctly, are not stated in this annex.

However, the method of coating the resistor surface with black-body coating whose en]issivity
is already known is recommended for the adjustment of the emissivity instead of measuring
the sunface emissivity-of-the resistor and entering the value in the infrared thermogragh. The
surfacg of SMD resistors are already coated with insulators, so the emissivity is ovel 0,8 in
the firdt place. So,\if the emissivity is raised up to 0,98 by the black-body coating, the heat
flow thpt is radiated from the resistor surface into the atmosphere is very small even|for the
RR633PM with."a large area as shown in the following formula. There will be n¢ large
measufing ‘errors for most cases. In fact, when the black-body spray is not used, the|risk of
mistaking‘the measurement of emissivity will be larger.

Premise of calculation:

e ambient temperature 25 °C,
e surface temperature of resistor 125 °C,

e surface area of resistor 0,0063 m x 0,0032 m
Radiation heat flow when,

(Emissivity 0,80) = 0,80 x 5,67 x 1078 x {(125 + 273,15)4 - (25 + 273,15)4} ~ 0,0158 W

1 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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(Emissivity 0,98) = 0,98 x 5,67 x 1078 x {(125 + 273,15)4 - (25 + 273,15)4} ~ 0,0193 W
where, 5,67 x 1078 W/(m2 K#4) is the Stefan-Boltzmann constant.

The difference between heat dissipation heat flow when the emissivity is 0,98 and 0,80 works
out to be 0,0035 W.

The error that is caused by the spatial resolution and angle between the measured surface
and the light axis of the lens, which are easily-overlooked when using the infrared
thermograph, will be mentioned.

G.3.2 Spatial resolution and accuracy of peak temperature measurement

The false perceptions that many users have about the spatial resolution of thé\ipfrared
thermograph will be considered. The standard lenses that come with a general ipfrared
thermograph have a magnification showing a square of 200 x 200 um as 1 pixel, eyen for
relativgly high-spec products. Hotspots that are smaller than 100 uym for~small siz¢ SMD
resistofs are predictable. Therefore, it is necessary to exchange the standard lensg¢s with
optiongl close-up magnification lenses to measure the surface hotspot temperature off small-
size SMD resistors.

The magnification percentage of the close-up magnification leps\is usually indicated as how
many Jm is shown as 1 pixel. For example, a lens that will showv25 x 25 um as 1 pixel|lwill be
called the 25-pym lens. And a lens that will show 100 x 100~pm as 1 pixel will be called the
100-pnm lens.

A common mistake is when it is thought that the peak of the surface hotspot temperatdre that
is onlylaround 100 ym in diameter can be measured correctly when the 100-uym lens i$ used.
Figure |G.1 shows the RR1608M thick film resister with 0,25 W applied, and the resisfor and
the pafttern surface temperature rise is actually measured by the infrared thermpgraph
equippgd with lenses of various magnificatiGn percentages. Large power compared to the size
is applled to the resistor, but this is to define the difference. However, it is obvious that the
raising| of rated power in the near future would make this problem become more pr less
certain
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Figure G.1.~Difference of the measured hotspot
temperature caused by the spatial resolution

By crgss-checking withthe result of the simulation using the finite element method, a
possibility was found (that the surface hotspot peak temperature of the resistor in Figyre G.1
cannot|be measuredreven when the 25-uym lens is used. But the supposed error is undgr 1 °C
so, the|value measured with the 25-uym lens will be considered as the true value in this pnnex.

Figure |G.1(shows that the peak value measured with the 100-um lens is considerably low

compafed/with the average of the four points measured by the 25-um lens in the sanje area
measu Cd \'n':ith thC 100 um | A _cimilar trand ~an ha seeh with tha \vla!uno

anc a maaciir \d Wlth
P oottt ar e e S oS et o1 CcasurC

the 200-um lens and the 100-um lens. This phenomenon is caused by the influence of the
MTF (modulation transfer function) of the infrared thermograph. In other words, it is the
degradation of the high-frequency component of the spatial frequency.

Generally, the clear guideline that defines what magnification percentage lens is suitable for
measuring the peak temperature according to the area is not provided by the infrared
thermograph manufacturer. However, from interview, document investigation and independent
research, when the target area is presumed to be a square, it has become clear that the lens
needs to have the ability to enlarge 1/3 to 1/4 of the target length as one pixel. It means that if
the surface hotspot is a square of 100 x 100 uym, then a 25-uym lens to 33-um lens should be
used to measure the peak temperature of the surface hotspot of the resistor.

As for an SMD cylindrical resistor with spiral trimming, the power deposition would be made at
both edges of the spiral trimming. The hotspot would be established broadly in the centre part


https://iecnorm.com/api/?name=bc8bf52d9986ba0f825003737ec52bca

IEC TR

63091:2017 © IEC 2017 - 75—

of the resistive element, so it could be measured quite accurately with a relatively low spatial

resoluti

on lens (about 1/3 of the diameter).

The important point for the resistor manufacturer is to correctly understand the size of the
surface hotspot of their products and verify that the thermograph used for the measurement
has the sufficient spatial resolution to catch the peak of the surface hotspot temperature. If
this fails, it will mean that electric/electronic device designers may be provided with incorrect
information.

Additionally, electric/electronic device designers need to understand the spatial resolution of
the thermograph and the accuracy of the peak temperature measurement.

The ve
peak nj

G.3.3

The er|
Essent
measu
out the
needeq

The me¢asurement system for the error caused by the“angle of the optical axis and the

surface
heated
of the

rification method of the spatial resolution of the thermograph and the accuracy
easurement will be mentioned in Annex L.

thermograph light axis

ror caused by the angle of the optical axis and the target sdrface will be exp
ally, the light axis of the lens should be set vertically against the temp
ement surface, but not all conditions allow that. Additionally, it is necessary td
limit of the tilt for which the error could be ignored. This\is"the basic information
for the measurement.

will be shown in Figure G.2. Three copper-blocks will be set on the hot plate
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angle
ends
called

Pressure is applied to the three coppéer blocks from both sides so they are rigidly]
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gainst the other two blocks. In this test system, the top surface of the blocks
ill be called the horizontal surfacejand the top surface of the centre block
he slope face. The heat conductivity of the copper is very high and it is 400 W

ly. All three copper blocks will be at 100 °C, which is the same temperature
e. The important part is that'there is no temperature difference between the ho
and the slope surface/where it is the area that will be measured by the thermg
he horizontal surface-and the slope surface is measured by the infrared therm
the boundary line, \essentially it should be measuring the same temperature,
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and th

by the angle of_the optical axis and the target surface.

-um, 100=pm and 200-uym lenses are used. Additionally, to verify the difference

b tatget, the measurement test was implemented with zero airflow and 0,3 m

from tl‘1e side and ventilated. The results are shown in Figure G.3 and Figure G.4.

of the
pgraph
s wind



https://iecnorm.com/api/?name=bc8bf52d9986ba0f825003737ec52bca

Key

-

Copq
Horiz
Copq
Slop
Hotp
Meag
Angl
Infra

Light

© 00 N o o M~ W DN

-
o

Pres
11 Dimsg
12 Dimsg

- 76— IEC TR 63091:2017 © IEC 2017
8
- 7
9 1
6 a 2
2 7 4
- - - 11
(10 |
1 1 A
3 12

Ir'4
— M= 1111 /

I 5

er block (top surface is parallel)

ontal surface (orthogonal face to the light axis)
er block (top surface is a slope face)

e face (inclined face against the light axis)
ate (heat up to 100 °C)

ured area

e of the slope surface

ed thermograph

axis of the infrared thermograph lens
bure to contact each copper block

nsion of copper block: 10 mm

nsion of copper block: 15 mm

Figure G.2 — Measuring system for the error caused by the angle
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Figure G.3 — Error caused by the*angle of the optical axis
and the target surface{hatural convection)
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T,, Horizontal surface temperature
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y Angle of the thermograph light axis to the normal line over the slope surface

Figure G.4 — Error caused by the angle of the optical axis

and the target surface (0,3 m/s air ventilation from the side)
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When measuring the high emissivity and rough surface, for example the surface at which the
emissivity is adjusted to more than 0,95 by a black-body coating, as long as the angle of the
lens axis to the normal line is below 60°, there will be no large error.

However, when measuring a surface with metallic lustre (low emissivity), the angle
dependency of the measured value by the infrared thermograph will become very large, so
attention is needed. For example, when the emissivity of the solder fillet without any coating
treatment is measured and the value is set to the infrared thermograph, the correct
temperature cannot be measured unless the light axis of the lens on the thermograph is
vertical against the target surface.



https://iecnorm.com/api/?name=bc8bf52d9986ba0f825003737ec52bca

IEC TR 63091:2017 © IEC 2017 -79 -

Annex H
(informative)

How the resistor manufacturers measure
the thermal resistance of resistors

H.1 The measuring system

The thermal resistance of the resistor Ry, ¢hs¢ IS €xplained in Annex F. It is the temperature
difference between the surface hotspot and the terminal part divided by the power applied to
the resfstor. The precaution for the infrared thermograph when measuring the surface hotspot
temperature is mentioned in Annex G. In this annex, the method of determining the ‘t¢rminal
part temperature that is used to calculate the heat resistance from the terminak part| to the
surfacg hotspot, which will be provided to electric/electronic device designers” by fesistor
manufacturers, will be stated.

First, the temperature distribution close to the terminal part whenthe’ SMD resistgrs are
mountgd on a standard printed board will be shown. Then, the<variation of the fhermal
resistapce from the surface hotspot to the terminal part calculated from each of the mefasured
temperatures of the terminal parts will be shown. From these two points, it will be explained
that the reproducible measurement of the thermal resistance_is difficult when mountgd on a
printed| board. The temperature distribution is estimated by-using the finite element method
simulafor.

Next, g reproducible method will be verified by using:the finite element method simulatg

—

The finfal results will be shown below. As shawn'in Figure H.1, establishing the measufement
system| will be necessary. Solder the SMD ¢esistor as it connects the two copper rectangular
cuboid|electrodes (from here on "copper.®lock") which are at least 10 mm long on onfe side.
Then slet the under surface of the copper block to a constant temperature and apply yoltage
betwegn the two copper blocks and apply power to the resistor. The copper block s$urface
temperfature that is within 3 mm-from the resistor fillet is recommended to be set|as the
termingl part temperature T, i order for the resistor manufacturer to calculate the thermal
resistapce.
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IEC

Key
1 Rectgangular cuboid copper block with square 10 mm on a side
Insulptor with good heat conduction

Downside of the copper block fixed to a certain temperature
Resigtor

Soldér fillet

o 0~ W N

Surfgce hotspot

Figure H.1 — Measuring system for.calculating the thermal
resistance between the surface hotspot and the terminal part

Additiopally, along with the SMD resistors,_the copper block should also be coated with black-
body spray whose emissivity is close to :0ne, and measuring the hotspot and the terminal part
temperature (copper block surface temperature) with the same infrared thermoghaph is
recommended.

H.2 |Definition of the two-kinds of temperatures

In this annex, two kinds _of temperature used in this report will be defined: the broad s¢nse of
the term temperature\Z}} and the narrow definition of the term temperature 7y,. From hgre on,
the difference between T,, and T, and the reason why T, was introduced for use |as the
termingl part temiperature when calculating the thermal resistance between the gurface
hotspot and the-terminal part by the resistor manufacturer will be explained. The tempgrature
distribyti
the sol
example
shown in Table H.1. Flgure H.2 is a modeI used in the S|mulat|on The target resistor is
RR2012M and it is mounted on an FR4 board of 80 mm x 80 mm and 1,6 mm thick. The
applied power is 0,25 W. The temperature bounds are cooled with a wind speed of 0,5 m/s of
25 °C parallel to the board. Three conditions of the solderability are considered: solder comes
up to the resistor's top surface (large fillet), up to half of the height of the resistor (medium
fillet) and up to a quarter of the height of the resistor (small fillet). The solder thickness
underneath the terminal of the resistor after mounting is set at 20 ym. The fillet angle is
presumed to be 45°. The nonlinearity of the physical property is not considered in the
simulation.
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Key
Flat ¢hip resistorRR2012M
Soldégr fillet
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Printed board (FR4)
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Fillefl (Small) 1/4.6f height 8
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Temperature of the inside centre part of the fillet T,
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-
N

Temperature of the inside fillet of the centre part of the resistor 7,

N
(¢)]

Temperature of the inside edge of the fillet T4

-
o

Temperature of the surface centre part of the fillet 7,5

N
~

Temperature of the surface bottom part of the fillet T,

-
©

Surface hotspot temperature 7,4 (Ty,)

Figure H.2 — Simulation model
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Table H.1 — Results of the fillet part temperature simulation (calculated value)

Calculated temperature
Pattern | Pattern °cC
thickness| width [Fillet size
m mm T T,o=
H T11 T12 T13 T14 T15 T16 T17 T18 ]1‘8
shs 12
Large 86,7 86,2 87,5 87,0 86,2 86,1 84,2 94,6 8,34
1,2 Medium | 87,1 86,9 88,0 87,8 86,8 86,7 85,6 95,7 8,84
Small 87,5 87,1 87,9 88,1 87,0 87,0 86,2 96,2 9,11
35
Large 49,7 49,4 50,6 50,0 48,9 49,4 48,2 57,6 8,16
+o peetor 49-9 49— 50-8 565 494 49— 48-9 58+3 8,55
Small 50,0 49,9 50,5 50,7 49,2 49,8 49,3 587 8,78
Large 72,4 72,0 73,3 72,5 71,9 72,0 70,7 80,3 8,30
1,2 Medium 72,4 72,2 73,3 72,9 72,2 72,2 71,4 80,9 8,72
Small 72,6 72,3 73,0 73,0 72,2 72,2 71,8 81,2 8,95
70
Large 44,3 44,0 45,3 44,5 43,7 441 43,3 52,2 8,18
10 Medium | 44,3 441 45,2 44,7 43,8 442 43,6 52,7 8,55
Small 44,3 44,2 44.8 44,8 43,8 44,2 43,8 52,9 8,74
The temperature measurement positions in Table H.1{are where the symbols are shown in
Figure|H.2. Hereafter, the two-digit numbers indicating ‘the position will mean the nyimbers
shown|in Figure H.2. The measurement positions:43, 16 and 17 of Table H.1 is the top,
middle|and bottom of the fillet slope, so the temperature can be measured directly with the
thermofcouple, but it is impossible for the otherp0sitions to be measured from a practical point

of view. "18 — 12" will mean the temperature difference between the surface hotspot §

centre

As sho

solder
Figure
measu

printed|board is set at the ¢entre of the fillet.

Ma

of the measurable.positions 13, 16 and 17 can be organised as shown in Table H
tenmperature measurement position in Table H.2 is the symbol shown in Figure H

diff
or

temperature rise equals the minimum value of T3, T4, Or Ty; minus the 3
temperature of 25 °C which is presumed in the simulation.

part inside the solder fillet.

fillet 12 and the centre pari-surface of the fillet 16 are relatively close. As sh
H.4, it is estimated that\many SMD resistors have these trends. Therefore, th
ement position of the“terminal part temperature for SMD resistors mounted

imum/minimunt measured temperature values, pattern thicknesses and pattern

brence bbetween the maximum and the minimum means the maximum value of T
7,7 minus the minimum value of T3, T4, Or T4y7, so the minimum value

nd the

wn in Table H.1, this is important because the temperature of the centre part ingide the

own in
b basic
on the

widths
2. The
2. The
3 16
of the
mbient

Table H.2 — Simulation result of the fillet part's temperature
where it is measurable (calculated value)

Pattern
thickness

Difference
Pattern width | Max. (7,;, 744, T47) | Min. (T3, Ty4, Ty;) | between max.
and min.

um mm °C °C °C °C

Temperature
rise min.

35

1,2 88,0 84,2 3,8 59,2

10 50,8 48,2 2,6 23,2

70

1,2 73,3 70,7 2,6 45,7

10 45,3 43,3 2,0 18,3
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H.3 Errors in the measurement

If only measuring the terminal part temperature from the comparison of the difference
between the maximum and minimum temperatures, no matter which of the positions 13, 16, or
17 it is, and even regardless of the fillet size, there will be no error that would be a practical
issue.

However, suppose the surface hotspot temperature could be measured by some kind of
method. Then, measure the fillet temperature and then subtract it from the surface hotspot
temperature and divide by the applied power, 0,25 W, and calculate the thermal resistance of
the surface hotspot to the terminal part temperature. In this case, the measured temperature

error qf—the fillet measuring position will cause a Inrgn error to the calculated thermal

resistapce value.

Subtragt each basic temperature measurement position temperature from lthe hotspot
temperpture of measurement position 18 in Table H.1. Then divide this by the “applied power
0,25 W. This will be the thermal resistance between the surface hotspob and each basic
temperpture measurement position as shown in Table H.3. The thermalresistance seg¢tion of
"18 - |x" shown in Table H.3 is the thermal resistance calculated by subtracting the
temperature of the measurement position x from the measurement position 18 ($urface
hotspof) and dividing it by the applied power 0,25 W. The measuring position x is insjde the
centre pof fillet 12, and the top, middle and bottom on the slope ‘ef-the fillets 13, 16, and [17.

The pgrcentage error calculated from the thermal resistahce "18 - 12" as the true vglue in
Table H.3 means literally that the thermal resistance)calculated from "18 - 12" is the true
value, pnd the differences between the surface hotspots and the thermal resistances ¢f each
of the measurement positions 13, 16 and 17 are expressed as percentages.

Table H.3 — Simulation result.of the fillet part's temperature
where it is measurable (calculated value)

Pattekrn Pattern Thermal resistance sui:g;:(’ihfonl;esgr:; tirsue
thicknpss width Fillet size KIw value %

pm mm

18-12 | 18-13 | 18-16 | 18-17 18-13 18-16 18-17

karge 33,36 28,4 34,0 41,6 -15,22 2,24 24,14

1,2 Medium 35,36 30,8 36,0 40,4 -13,06 1,42 14,73

Small 36,46 33,2 36,8 40,0 -8,29 1,51 9,65

% Large 32,62 28,0 32,8 37,6 -14,48 0,98 14,72

10 Medium 34,21 30,0 34,4 37,6 -11,94 0,69 9,87

Small 35,11 32,8 35,6 37,6 -7,55 0,81 6,64

Large 33.20 28.0 332 38.4 -15.74 0.13 15,15

1,2 Medium 34,89 30,4 34,8 38,0 -12,86 0,11 9,12

Small 35,79 32,8 36,0 37,6 -7,95 0,53 5,87

70 Large 32,72 27,6 32,4 35,6 -15,34 -0,85 8,97

10 Medium 34,19 30,0 34,0 36,4 -12,20 -0,41 6,02

Small 34,95 32,4 34,8 36,4 -7,38 0,22 4,18

From Table H.3, when the measured position of the terminal part temperature is presumed to
be 16 (centre of fillet), then the calculated thermal resistance becomes relatively stable.
However, if the measured position is displaced to the top part of fillet 13, or to the lower part
of fillet 17, the thermal resistance changes greatly. Therefore, if the resistor industry defined
that the terminal part temperature for measuring the thermal resistance is that at the centre of
the fillet, there will be some problems with reproducibility.
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To improve the reproducibility of the measurement of the thermal resistance, the method of
directly soldering the SMD resistor onto the copper block, which has very high heat
conductivity as shown in Table H.1, and forcibly fixing the terminal part temperature of the
resistor to the copper block temperature, has been suggested from the early times.

The simulation of the method shown in Figure H.1 was verified to see how stable the
measured value would be compared with mounting on the printed board. The simulation
model is Figure H.1 in its entirety, in which the printed board shown in Figure H.2 is changed
to a copper block. As for the environmental conditions, the under surface of the copper block
is set at 0 °C. If the copper block is set at 25 °C, then the temperature absolute value of the
simulation result just shifts by 25 °C and the results of the thermal resistance will not change.
The standard thickness of the solder under the terminal of the resistor is 20 pum, but
simulafions for the extremely thick, 50 ym, and extremely thin, 5 ym, are implemented g4s well.

The resgult of the simulation is shown in Figure H.3 and Table H.4.

Figure |H.3 shows the temperature distribution of the top surface of the coppér block when the
solder fthickness under the resistor terminal is 20 ym. Even though it is~a copper block, the

temperjature does not become completely uniform: the temperature underneath the terminal of
the registor is less than 0,5 °C, but it is still higher than the rest of the block. Bu':[']v when
defining some kind of a base level for terminal part temperatures‘when measuring the thermal
resistapce between the surface hotspot and terminal part, the\surface of the coppe[ block
would e realistic and appropriate.
3
4‘ dl | - dl | - 4
0,35 - - » - >
Position O 0.3
- 0,25
il _/_,/ ______ . p— - N~ O
Posifion - “------/ | A------- “ Position e 0,2
~0,15
2 9 = | arge
0.1 — Middle
0,05 —— Small
0 |
Ii -2 -1 0 1 2
Ungler surface of.the copper block is fixed to 0 °C Position (m)
IEC IEC
(a) Copper block (b) Temperature distribution
Key
1 SMD resistor
2 Copper block
3 Underneath the terminal
4 Fillet
T Temperature on the chain line of the copper block

Position Position on the chain line
Large Fillet size large, fillet top reaches the terminal top surface
Middle Fillet size medium, Fillet top reaches up to1/2 of the terminal

Small Fillet size small, Fillet reaches up to 1/4 of the terminal

Figure H.3 — Temperature distribution of the copper block surface (calculated)
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Table H.4 — Thermal resistance simulation results between the surface hotspot and the

terminal part based on the copper block temperature (calculated value)

Temperature Thermal resistance
Solder | pyjet
thickness Size Tshs Ty, Rihshs-12 | Binshs-cu | Rtn shs-cu
(um) Notes
°C °C K/W K/W %
Large 8,43 0,249 32,74 33,73 -4,83
5 Medium 8,75 0,262 33,96 35,01 -1,22
Small 8,91 0,267 34,58 35,65 0,58
Large 8,52 0,294 32,92 34,09 -3,81
20 Medium 8,86 0,315 34,18 35,44 0,00 Standard of difference
Small 9,04 0,324 34,86 36,16 2,01
Large 8,66 0,385 33,12 34,66 -2,22
50 Medium 9,04 0,423 34,46 36,16 2,01
Small 9,24 0,442 35,18 36,95 4,24
Tshs in| Table H.4 is the surface hotspot temperature and "12"ds the same code indicpted in
Figure|H.2 and it is the temperature of the centre part inside ¢he'fillet. Ry, gp5.12 is the fhermal
resistance of the surface hotspot to the terminal part. This i§)calculated from the tempgrature
of the [centre part inside the solder fillet as the terminalkpart temperature. Ry, ghs.cd is the
thermal resistance of the surface hotspot to the terminal part. This is calculated from the
copper| block temperature as 0 °C as the terminal part temperature. Ry, gns-12 @nd Ryt shs-cu
can be|said to have very close values.
"Rin shd-cy difference"” is the change expressed in percentage calculated from the agsumed
basis, which is solder thickness 20 ym, solderability medium condition, Ry, shs-cy fOF other
solder thickness or fillet condition.
In the following explanation, the ndmbers 18, 13, 16, and 17 are the same numbers lised in
Figure|H.2. 18 is the resistor surface hotspot; 13, 16, and 17 are top, middle and boftom of
the filldgt surface, respectively.
The thgrmal resistance( Ry, shs.cy Obtained from the temperature of the copper block|as the
termingl part temperature has a value close to the thermal resistance "18 - 16" calgulated
from the temperature ‘of the centre part of the solder fillet in Table H.3 as the terminal part
temperature. Thé/simulation was implemented for the resistor size RR2012M, but th¢ same
trend can be seen more or less for the other sizes.
The regsofris that the terminal part temperature (centre of the fillet surface) used to cglculate
the thermat—Tesistance 48— 16" —mTabte—H3—witt—become—the—sametemperature just

underneath the resistor terminal as seen in the example shown in Figure H.4 when the
isothermal line is considered. It is estimated that, when the copper block method is used, the
temperature just underneath the resistor terminal will be forcibly fixed to a certain value from
the excellent heat conduction of the copper block.

However, not all the thermal resistance Ry, ¢ys.c, Calculated from the copper block surface is
conformable with the thermal resistance "18 - 16" based on the centre of the fillet that is
mounted on the general printed board. But even if they are not conformable, the purpose of
measuring the position 16 (centre part of the solder fillet) that is mounted on the printed board,
as shown in Figure H.2, is to verify what the temperature of the terminal part is. Therefore, in
this use, a certain amount of error would be no problem.

Figure H.4 is one of the results of the simulation models of Figure H.2. The conditions are
copper thickness 35 um, pattern width 1.2 mm, and with large solder fillet. From this result,
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the details of the temperature distribution of the solder fillet can be observed. The dotted line
is the isothermal line of 86 °C. It can be observed that the temperature of the centre part of
the fillet surface reflects the bottom surface of the terminal part.

On the other hand, the thermal resistance "18 — 17" has set the terminal part temperature at
the point very close to the hotspot of the resistor, so the calculated value is relatively low. And
the thermal resistance "18 — 17" has set the terminal part temperature at the point far from the
hotspot of the resistor, so the measured value is relatively high.

deg

13 7880

18 8.5

16 B8 .0

¢ 17 7.5

B7.0

f— — B6 .5

A ﬁ — 6.0

Y ¢ 7Z 12 B5.0

4.5

B4.0

IEC

Key

12 Inside centre part of the fillet T,,=86,2°C
13 Top part of fillet T3 = 87,5 °C
16 Centfe part of fillet T, =86,1°C
17 Bottgm part of fillet T, = 84,2 °C
18 Surfgce hotspot Tig3-94,6 °C

Figure H.4 — Isothermal line of the fillet part (calculated)

In Figure H.3, there is-temperature distribution on the copper surface, but the heat congluction
of the [thick copperwblock is extremely high, so the difference would be only a single digit
compafed with the difference between 16 and 17, so they can be ignored.

point of the-Copper block surface temperature at 2 mm to 3 mm from the fillet of thg target
resistof would not be of any practical issue.

By ref%rring the results obtained in the simulation of Figure H.3, setting the measufement

The point that needs to be carefully measured is when the method for measuring the surface
hotspot and the terminal part is different, such as when the surface hotspot of the resistor is
measured by an infrared thermograph and the terminal part is measured by a thermocouple.
In this case, first, both of the methods should measure the target with the same temperature,
and then understand the offset between the two measurement methods. After that, the offset
caused by the different methods should be cancelled when calculating the difference between
the surface hotspot and the terminal part temperature. To skip the complicated procedures,
which can be the cause of the error, the above-mentioned surface hotspot of the resistor and
the terminal part temperature is recommended to be measured with the same infrared
thermograph.

Additionally, the surface of the copper without any coating has a very low emissivity, so
measuring the emissivity of the copper and entering the value into the infrared thermograph
can be the cause of a very large error. Therefore, coating with the black-body spray to forcibly
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fix the emissivity before measuring the copper surface temperature is necessary. It is already
explained in Annex G but, unless the temperature of the resistor becomes extremely high
compared to the ambient temperature, the hotspot temperature will not be low even when the
black-body spray is coated on the entire resistor or the fillet. Therefore, coating the resistor
with black-body spray uniformly and entirely is recommended.



https://iecnorm.com/api/?name=bc8bf52d9986ba0f825003737ec52bca

- 88 — IEC TR 63091:2017 © IEC 2017

Annex |
(informative)

Measurement method of the terminal part
temperature of the SMD resistors

1.1 Measuring method using an infrared thermograph

When the derating curve of the resistor is based on the terminal part temperature, it is
necessary for the electric/electronic device designers to measure the terminal part of the
lity, it
would |be impossible to measure all the temperatures of the re5|stors by eonpecting
thermofcouples to every single terminal since they would be one of the most-uséd) elgctronic
device$. They need to distinguish which fillet of the resistor needs to be ceonnécted| to the
thermofcouple and measured. This annex shows electric/electronic device dgsigners how to

An infrared thermograph has some points to be aware of, such as_the fact that it can only
measufe the temperature where it can be observed directly, the need to consider the|spatial
resolutjon, and the need to adjust the emissivity. However, for the use of measuring the rough
temperfture rise of the terminal part when the printed board. is not inside the chassig under
operating condition at the step of defining where to connect)the thermocouples, the ipfrared
thermograph would be the first choice.

The sufface of the SMD resistor is generally covered with insulators such as epoxy regin and
glass. The emissivity of the insulator is usually areund 0,85. As shown in Figure F.2, With the
relativgly low spatial resolution of 200-um standard lenses, the true peak temperaturg of the
surface hotspot cannot be observed. Usually,-the intermediate temperature of the trug peak
and the terminal part will be observed as-the quasi-peak temperature. If electric/elgctronic
device|designers can presume the difference between the quasi-peak temperature gnd the
termingl part temperature as the design margin, the hotspot temperature of the fesistor
observed by the 200-pym lens can be considered as the terminal part temperatufe. For
example, using the 200-um lensin'Figure F.2, the peak temperature is 70 °C and the t¢rminal
part temperature is 55 °C, so the 15 K difference may be considered as a margin.

Generally, the standardyiens of the infrared thermograph can expand the area |of the
corresponding one pixel of light receiving element into a square of 300 x 300 ym or 400 x
400 um and so on_by. adjusting the distance of the thermograph and target. If the area|of one
pixel ig extended; the observed peak temperature of the resistor moves closer to the terminal
part temperature) It will be possible to read the hotspot temperature observed by the ipfrared
thermographs<with a low spatial resolution lens as the terminal part temperature|if this
behavipur,is’ used. However, to improve the accuracy of the infrared thermograph, the
relationships between the equivalent area of the pixel for the light-receiving element gnd the
peak temperature of the target SMD resistor and the terminal part temperature need to be
estimated beforehand.

When the emissivity of the resistor is not clear, it can be set at relatively high values, such as
0,9 or 0,95, because the measured temperature will be higher than the actual value and this
could be the design margins for the equipment. However, if an excessive value is set, the
margins will become excessive, so it is preferable to set the value as accurately as possible.

If the board with the devices mounted can be entirely coated with black-body sprays and also
be operated, it is possible to use an infrared thermograph and directly measure the terminal
part temperature whose light axis of the lens is within 60°, as explained in Annex G. Since the
solder fillet is made of metal and has low emissivity, it will be influenced largely by the light
axis of the lens of an infrared thermograph and the target surface. Therefore, if the coating
cannot be implemented, direct measurement of the solder fillet by an infrared thermograph
would be impossible.
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1.2

Measuring method using the thermocouple

The basic and simple measurement of the terminal part temperature is possible by using an
infrared thermograph as shown in Figure |.1. But the only method to directly measure the

terminal

part of SMD resistors that cannot be observed from the outside

is to use

thermocouples. The resistor manufacturers will be using them when measuring the terminal
part of the resistor in the test chamber while it is tested. Electric/electronic device designers
will be using them when measuring the terminal part temperature of the resistor with small

margins with the board set inside the chassis and operated.

When measuring the temperature of a micro part such as the terminal part of the RR2012M

resisto
temper

r—with a thermocouple —the presumable largest contributing factor of an-—error is the
g 4 Lt 7 J

seen in Figure I.1.

ptc

ature drop of the target part caused by the thermocouple behaving like a radi

ptor as

IEC

1 2 3| 4
T
Twotc
S
Tt
AT
Tt, v
~
1 2 3 |4 p
ptc
Key
1to 4 Position
ptc Position where the thermocouple is connected
D, Dissipation by radiation
D, Dissipation by convection
D4 Dissipation by conduction
T Temperature
P Position
T,oc Temperature distribution when there is no thermocouple
T,.. Temperature distribution when there is thermocouple
T, Temperature of the fillet centre part without thermocouple
e Temperature of the fillet centre part with the thermocouple
AT Temperature drop by connecting the thermocouple

Figure 1.1 — Temperature drop caused by the attached thermocouple
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The terminal part temperature without the thermocouple would be T, and the temperature
drop caused by the attachment of the thermocouple would be AT. Then, the actual
temperature that the thermocouple will measure would be 7y’ = T; — AT. If AT can be estimated,
then T, = Ty + AT, so the true temperature 7; can be calculated. However, if the heat
dissipation effect of the thermocouple is small enough and 7;" > AT, then the temperature drop
caused by the thermocouple could be ignored.

1.3 Estimating the error range of the temperature measurement using the
thermal resistance of the thermocouple

1.3.1 General

The thirmal resistance of the thermocouple can be calculated. There are several methpds for
calculating the thermal resistance of the thermocouple. Here, the calculated results |will be
used tq estimate the range of errors of temperature measurement by the thermocouple.

Many ¢ther devices other than the target resistor, on which the terminal~is planned to be
measufed, are mounted on the printed board as shown in Figure 1.2.

— 1
— 2

LS T%% ’ 7
ﬁil =y

A58 S

A

£Z
A0

( IEC

Key
1 Targgt resistor

Meagure the terminal temperature (centre part of the fillet)
IC

Capdcitor (no self-heating)

Other resistors (with self-heating)

o o b~ W N

Semiconductors (with self-heating)

Figure 1.2 — Example of the printed board

The relationship between the heat generation of each device mounted on the printed board
and the temperature distribution can be considered with the thermal network as seen
in Figure 1.3. This thermal network is not the true reproduction of Figure 1.2. It is only a
clipped out image. The thermal resistance is shown with the old electric resistor symbol which
is still often used in the heat-transfer engineering field.
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Point T

12 0

&
4

Rihp

Rinp

R Resistor

Ry, . Inner thermal resistance of resistor

P, Applied power to the resistor

Ry Thermal resistance of printed baard wiring and base material
Ry o Thermal resistance from the\printed board to the atmosphere

Temperature of the atmosphere
Point T |Target terminal part\of'resistor

Target terminal\part temperature

Figure 1.3 — Printed board shown with the thermal network

Each of the-thermal resistances, power and temperatures of the atmosphere in Figure|l.3 are
shown |with” the same symbols, but have different values. To prevent complications, Ry}, ; and
T, are all connected to the contact points. The heat-generating devices other than the target
resistors, such as the IC and FET, are indicated with the resistance symbols since they do not
influence the system when they are replaced with resistors as shown in Figure I.3.

The actual thermal network of the electrical circuit is a lot more complicated than the thermal
network in Figure 1.3. But when reviewing the temperature drop of the target resistor terminal
part when it is connected to the thermocouple, it should be able to show in a simple diagram
as shown in Figure 1.4. This is the result of applying Norton's theorem used in the electrical
circuit field to the thermal network. The thermal resistance of each part, which constitutes the
thermal network, shows nonlinearity from the dependence to temperature. Therefore, it only
works out in narrow temperature ranges and small power increases and decreases. However,
it is sufficient enough for getting the approximate value of the temperature change.
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From
indicat

Point T
(Ty)
Peq Rth eq
Ihase —

7.7|-7 e

Target terminal part of resistor

Target terminal part temperature

Equivalent heat source

Equivalent thermal resistance from the terminal part to 7,

Temperature to be set as standard (ambient temperature of the set)

Figure 1.4 — Equivalent circuit of the printed board
shown with the thermalhnetwork

Figure 1.4, the temperature T, of the termiinal part 7 of the target resistor
bd as in Formula (1.1).

Ty = £6q % Rih.eq * Tbase

The the¢rmally equivalent circuit when the thermocouple is connected to the terminal pa

T will b

e approximately as shown'in Figure 1.5.

will be

(1.1)

t Point
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Point T
G

P R
=9 (D th eq Point
(tha)

Key
Point T

~

v
(0]
e}

th eq

~

base

th tc

N X

ca

~

Tbase —

IEC

Terminal part of target resistor

Terminal part temperature of target resistor (after connecting thermocolple)
Equivalent heat source

Equivalent thermal resistance

Temperature to be set as standard (ambient temperature ofithe set)
Thermal resistance when the thermocouple is regardedas‘a heatsink
Ambient temperature of the thermocouple

from T,

Temperature rise of T, base

tca

Figure 1.5 — Equivalent circuit,when the thermocouple is connected

The difference between Ty, and T 5,-is explained in Figure |.5.

The T}
chassig

Ticq iS
as sho
as a rg
rest of
10 mm
temper

Lse Can be the ambient temperature of the board or, when the board is set ins
, it can be the external temperature of the equipment.

the temperature of the atmosphere for the thermocouple when it behaves as a 1
wn in Figuret.6” And 10 mm from the connecting point of the solder fillet will f
diator when\the wire diameter is 0,1 mm, a type K thermocouple is connected

de the

adiator
inction
pbut the

the part'will not contribute to the heat dissipation. The temperature within the ra
from—the connecting point should be much higher than the board's
ature_and the chassis' ambient temperature T\, because of the heat gener

other d

eviees mounted on the board. The temperature rise is 7,,,. If the temperatur

nge of
mbient
tion of
of the

heat dissipation space is set as T}, When estimating the temperature drop of the solder fillet
caused by connecting the thermocouple, the temperature drop will be overestimated. To
estimate the heat dissipation of the thermocouple properly, it is necessary to calculate the
heat dissipation amount under the same condition of the temperature at which the

thermo

couple is set.

The spatial Point A for measuring T;., will differ depending on the type and wire diameter of
the thermocouple used, but for the wire diameter of 0,1 mm of the type K thermocouple, it
should be around 5 mm to 10 mm in radius from the connection point of the thermocouple.
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Place to measure the T,

Length from the measurement point that cause the heat dissipation of the thermocoup
dissipation is determined by the temperature in this range

Figure 1.6 — Ambient temperature and the space need
for the heat dissipation of'the thermocouple

he heat source P, in Figure 1.5 is\replaced to temperature difference Pgq R
pe as shown in Figure 1.7. In between the formula Pgy X Ry ¢q @nd Ryp, ¢q €XPres

couple 7, is entered. This is the-temperature shown by Formula (I.1).

IEC

le; heat

h eq’ it
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Point T
(Ty oy
— N N—
Rth e Rth tc
Peq x Ry eq wm P(O}nt)A |::>
tca
Tup T
Tbase

IEC

Key

Point T | Target terminal part of resistor

Ty Terminal part temperature of target resistor (after connecting thermocouple)
T, Terminal part temperature of target resistor (before connecting thermocouple)
Peq Equivalent heat source

Ry, eq Equivalent thermal resistance of printed board

Ty ase Temperature to be set as standard (ambient temperature’ of the set)

Ry e Thermal resistance when the thermocouple is regarded as a heat-sink

Tica Ambient temperature of thermocouple

Tup Temperature rise of 7, from T

Figure 1.7 — Equivalent circuit when the thermocouple is connected

When T} - 7{ = AT is calculated,.it.will be as shown in Formula (1.2).

L= Ty'= AT = (T; - Tiga )/ {1 +(Rintc / Rinveq )| (1.2)

Substitute 7 = T, +.AT to the above formula. It would be as shown in Formula (l.3).

AT = (Yj( '_Yj(ca)x (Rth-eq /Rth-tc) (1.3)

The actual values will be entered into this formula and the temperature drop caused by the
thermocouple AT will be calculated. The theoretical value of the thermal resistance of the
thermocouple Ry, 4 is calculated based on Figure 1.8, which shows the thermal resistance and
the length that causes heat dissipation of a type K thermocouple with a tip temperature of
100 °C, Ty, is 50 °C. The length that causes heat dissipation of the thermocouple shows the
length of the thermocouple to dissipate 90 % of the entire heat. However, the thermal
resistance of the thermocouple does not change so much even when the tip temperature and
Tica change. For example, when the condition is tip temperature = 100 °C, Ti., = 90 °C, the
thermal resistance rises only less than 3 % compared with the tip temperature = 100 °C,
Tica = 50 °C, and drops only less than 10 % compared with the tip temperature = 100 °C,
Tica = 200 °C.
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(a) Wire diameter (b) Wire length

Key
Ry e Thermal resistance when the thermocouple is regarded\as a heat-sink

Length from the measurement point that cause thesheat dissipation of the thermocouple
D Wire diameter of the thermocouple

Figure 1.8 — Length that-causes the heat dissipation and the
thermal resistance of the type K thermocouple (calculated)

Figure|l.8 shows that when the(thermocouple has a wire diameter of 0,1 mm and under
naturall convection (air speed 0-'m/s), the thermocouple will behave as a heatsink|with a
thermal resistance around Ry}, ;c = 5 500 K/W.

On thg other hand, the-thermal resistance of the board Ry, o4 Will largely depend fon the
material of the printed board, pattern width, pattern density and number of layefs. For
example, a single-sided FR4 board with a board thickness of 1,6 mm and with a [copper
thickngss 35 pmywill have 200 K/W to 300 K/W, even with one relatively narrow pattiern as
shown [in Figure 1.10. This value will decrease as the copper layer and copper foil thickness
increades:

Presume that Ry, ¢4 is 300 K/W and the resistor fillet temperature is measured with a
thermocouple of wire diameter 0,1 mm type K thermocouple (Ry, = 5 500 K/W), and the
value were 90 °C. If the spatial temperature close to the thermocouple were 60 °C, then the
temperature drop of the fillet caused by the connected thermocouple AT would be calculated
from Formula (1.3).

AT = (90 °C-60 °C)300 K/W /5500K/W ) =~ 164°C

The temperature without the thermocouple can be estimated to be 91,64 °C. This small
influence caused by the thermocouple can be ignored when measuring the operating
environmental condition of a resistor. Ry, (=5 500 K/W is a value calculated from the
condition with some space for the air to move freely underneath the thermocouple and it is
calculated on the small side, so the actual error would be smaller. The actual measured value
when the board is horizontally set against the ground is Ry, 1 = 10 000 K/W. So, when the
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type K thermocouple with a 0,1-mm wire diameter is used for measuring the fillet temperature,
it can be said for most cases that a value close to the true value without an error can be

achieved.

1.3.2 When using the type T thermocouples

Figure 1.9 shows the thermal resistance and the length needed to radiate the heat of a type T
thermocouple with tip temperature = 100 °C, Ti.; = 50 °C. Ry, . of the type T thermocouple
becomes half of type K even when the wire diameter is the same as shown in the figure, so
this needs attention. Additionally, the length needed to radiate the heat is very long compared
to the type K. The reason is because one of the wires used in the type T thermocouples is

made of copper, which has high heat conductivity.

The type T thermocouples have low thermal resistance, so the error caused by\th
dissipation is large. However, the stability and accuracy of the thermocouple itself ig
than that of type K. Therefore, use the thermocouple properly according to theapplicatipn.
2|500 I 60 —
Wind speed W' mc(i)sng/zed .
Jooo N 0m/ 50 r—aL05m/s 2
—A— 0 ?nﬁ/s 1,0 m/s
' 40 L<¢— 2,0 m/s /
g 11500 —— 1.0 m/s N
S y —6— 2.0m/s IS
< \\ \. £ 30 - LA
e N ——1e
< 1/000 ~
b00 10
0 0
0,1 0,75 0,2 025> 0,3 0,1 0,75 0,2 0,25 D,3
D (mny) D (mm)
D 1
T4 artran;
VL
IIEEEE .
IEC
(a) Wire diameter (b) Wire length
Key
Ry e Thermal resistance when the thermocouple is regarded as a heat-sink
L Length from the measurement point that cause the heat dissipation of the thermocouple
D Wire diameter of the thermocouple

Figure 1.9 — Length that cause the heat dissipation and the
thermal resistance of the type T thermocouple (calculated)

1.4 Thermal resistance of the board

e heat
better

IEC

The thermal resistance of Figure 1.10 is calculated from the actual temperature measurement

and the method is shown in Figure .11.
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The equivalent circuit of the printed board and resistor in Figure 1.10 can be simplified as in
Figure 1.11. In the actual printed board, except under special circumstances, the thermal
resistance Ry, , from each of the terminals of the resistor to 7},,5, do not become the same
value, but this is an explanation of the principle, so it is presumed that they are the same.

350
300
= 250
= ~ N
¥ 200 ~ ‘_\<
o450 -
= Pattern thickness
=100 - 35 um
S0 = = 70um
0 l l
0 0,5 1,0 1,5 2,0
W (mm)
¢ 80,0 >

Tbase
IEC
Key
Tpase Temperature standard.(temperature of the ambient where the board is set etc.)
th eq Thermal resistance between the terminal part and 7,
1 Thermal resistance measuring point
w Pattern width

Figure 1.10 — Thermal resistance Ry, o4 of the FR4
single side board (thickness 1,6 mm)
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Point T

(T
ﬁo

77 IEC
Key
R Resistor
P Power applied to the resistor
Ry, Thermal resistance inside the resistor
R Thermal resistance of board of one side terminal

tho
Point T |Measurement point of temperature

T,

T,

base

Measured temperature

Temperature standard such as the ambient

Figure 1.11 — Calculating the thermal resistance
of the board from the fillet side

The thermal resistance Ry, , of the board (singleysided terminal), which is from Point T to the
ambier|t temperature, can be calculated fromxFormula (1.4) if the temperature drop caysed by
the heat dissipation of the thermocouple can be ignored. When the type K thermocougle with
a wire fliameter thinner than 0,15 mm is uséd, the error would be small enough to ignorg.

Riho = (Tt - Tbase)/(P/Z) (1.4)

The thermal resistance Ry, of Point T to T},,4., which includes the thermal resistancg of the
board ¢n the other side(Ry, ,) and the thermal resistance inside the resistor (2 Ry, ;),|will be
calculated as shown it Formula (1.5).

Rireq = Riho(Riho + 2Rtni)/(2Rih.0 + 2Rin.;) (1.5)

The vglueof the 2 Ry, ; can only be calculated by the resistor manufacturer, but it can be
supposed that it would be about 100 K/W to 200 K/W for the ceramic-based flat chip resistors.
The general value for RR2012M, which is 140 K/W, is used for the calculation in Figure 1.10.

When Ry, , is high, for example, more than 4 times the value of 2 Ry, ;, there will be no large
error even when the value of the 2 Ry, ; is ignored and calculated with Formula (1.6).

Rth-eq = Riho /2= (Tt - Tbase)/P (1.6)

For example, in the case of Ry, , = 480 K/IW, 2 Ry, | = 140 K/W and the Formula (I.5) is used,
it will be Ry, ¢q = 270 K/W. But when Formula (I.6) is used, it will be Ry, ¢4 = 240 K/W in
abbreviated calculation.
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When the Formula (1.6) is used, Ry, eq will be about 10 % lower. But the purpose of calculating
Ry, eq is to estimate the temperature drop caused by the thermocouple, so this level of error
can be ignored.

Therefore, when a type K thermocouple with a wire diameter of 0,1 mm is used, the terminal
part temperature can be measured without large error, and when the wire diameter increases
and the thermal resistance of the thermocouple Ry, ;. drops, then use Formula (I.3) and
correct the measured value.

1.5 Conclusion of this annex

The infrared thermograph is unfavourable for electric/electronic device designers to
accurafely measure terminal temperatures. However, it is useful to figure out and [(dentify
which ferminal part of the resistor it is necessary to measure with thermocouples when the
surfacq peak temperature of the resistor is determined by using the limit of\the [spatial
resolutjon, and the surface peak temperature can be converted into thé. termingal part
temperjature.

When [he thermocouple is used to measure the terminal part of/the micro devicgs, the
thermocouple behaves as a heatsink and the target measuring point temperature drogs. But,
if the drop amount can be perceived, it would be a preferred methad to measure the tgrminal
part temperature. Furthermore, the drop amount can be perceived easily. And if fype K
thermofcouples with a wire diameter of 0,1 mm can be used,’the temperature drop caused by
the hegt dissipation from the thermocouple can be practically-ignored.
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