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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote inter
peration on all questions concerning standardization in the electrical and electronicdfields. To this 4

aration is entrusted to technical committees; any IEC National Committee interésted in the subject de
participate in this preparatory work. International, governmental and non-governmental organizations

formal decisions or agreements of IEC on technical matters expressyas nearly as possible, an inter

Publications have the form of recommendations for interfiational use and are accepted by IEC N

lications is accurate, IEC cannot be held responsiblé\ for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
sparently to the maximum extent possible in their\national and regional publications. Any divergence b
IEC Publication and the corresponding national or regional publication shall be clearly indicated in th

itself does not provide any attestation of<conformity. Independent certification bodies provide coff

ices carried out by independent certification bodies.
sers should ensure that they hayetthe latest edition of this publication.

iability shall attach to IEC ar its directors, employees, servants or agents including individual exp¢g
hbers of its technical committees and IEC National Committees for any personal injury, property dan
r damage of any natufe _whatsoever, whether direct or indirect, or for costs (including legal feg
bnses arising out of~the publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn te the Normative references cited in this publication. Use of the referenced publica
spensable forythie correct application of this publication.

ntion is dfawn to the possibility that some of the elements of this IEC Publication may be the subject o
ts. IEC<shall not be held responsible for identifying any or all such patent rights.

prising
ational
nd and
eports,

Their
alt with
liaising

the IEC also participate in this preparation. IEC collaborates closely with thé International Organizgtion for

ions.

ational
rom all

ational
of IEC
or any

cations
etween
b |atter.

formity
for any

rts and
hage or
s) and
er |IEC

tions is

patent

es, of

)747-5-14 has been prepared by subcommittee 47E: Discrete semiconductor devig

o H 1 HYY A7 o + ol + ol + | P Lot i Ot <l pu |
ormnmodr CUTTITTIC T = 7. IOUTITTITUUTTUULUIUT UTVIUTO. TU To dIT TTTiCTiTativridl vualriudiu.

The text of this International Standard is based on the following documents:

Draft Report on voting

47E/T73/FDIS 47E/784/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 60747 series, published under the general title Semiconductor
devices, can be found on the IEC website.

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

e re¢onfirmed,
e withdrawn,
e replaced by a revised edition, or

e anpended.

IMPQRTANT - The "colour inside” logo on the cover page ofjthis document indigates
that |t contains colours which are considered to be useful-forthe correct understanding
of itg contents. Users should therefore print this document using a colour printer



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=ec2ee0cf237e49626de860e6dc21e9e2

IEC 60747-5-14:2022 © |EC 2022 -5-

SEMICONDUCTOR DEVICES -
Part 5-14: Optoelectronic devices — Light emitting diodes —

Test method of the surface temperature based on
the thermoreflectance method

1 Scope

This gart of IEC 60747-5 specifies the measuring method of the surface temperaturé)of
LED die or package, based on the thermoreflectance (TR) method. TR is the effeet t
reflecfance of light changes with the temperature of a substance. This part measures r
change in the reflectance of light from a metal film deposited nearby on the metallurgi
junctign as the relative change in the LED junction temperature. The surface temperatu
be approximated as the junction temperature when the thermal resistance effect betwe
metal |surface and the pn junction is negligibly small.

2 Nprmative references

The fdllowing documents are referred to in the text in such’a way that some or all of their c

single
at the
lative
Cal pn
e can
bn the

bntent

constifutes requirements of this document. For dated references, only the edition cited applies.

For L£ndated references, the latest edition of the’ referenced document (includin
amengments) applies.

IEC 60747-5-6:2021, Semiconductor devices < Part 5-6: Optoelectronic devices — Light ef
diode$

3 Terms, definitions and abbréviated terms

For thle purposes of this document, the terms and definitions given in IEC 60747-5-6 a
follow|ng apply.

ISO apd IEC maintajn\ terminological databases for use in standardization at the fol
addregses:

o |EL Electropedia: available at http://www.electropedia.org/

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

J any

nitting

nd the

owing

3.1 Terms and definitions

3.11
sample

measurement object consisting of an LED die and a metal (or any reflective) film formed on the

surface of the LED die or package

3.1.2
ambient temperature
T

a
temperature at or near the metal film specified for the purpose of the TR method
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3.1.3
beam diameter
light beam diameter for TR measurement applied to the thin metal film

Note 1 to entry: If the light intensity has a Gaussian distribution, the diameter of the circle represented by the
envelope of 1/e? of the maximum intensity.

3.14

standard metal film

metal bulk film whose reflectance of light is specified for the purpose of calibrating equipment
or correcting measured values using the principle of the TR method

3.1.5
thermoreflectance
effect|that the reflectance of light changes with the temperature of a substance

3.1.6
therrr10ref|ectance method

opticall technique for measuring the relative change in surface reflectance (AR/R) du
changge in local surface temperature (AT) of a particular sample

to a

\14

Note 1 |[to entry: As the temperature of the sample changes, so does thé€, index of refraction, and hefce the
reflectance. In general, the linear relationship between the change in reflectanee and the change in temperatpure can
be appifoximated.

3.1.7
thermoreflectance coefficient

Ctr
first order relationship between the change in the réflectance and the change in temperajture

Note 1 to entry: For most metals and semiconducter materials of interest, the relationship between the felative
changelin reflectance and the change in temperature‘is linear over a measured temperature range and is qujantified
by the thermoreflectance coefficient, C; 5 (K™M.

1R
R OT

Crr 7

where R is the reflectance of light at a surface temperature 7. For the light normally incident on the sample, the
thermogeflectance coefficient-can be used to express the reflectance light intensity as follows:

16R 1 0k,
GrAG 7757
ROT 10T

where 4 is thespormally reflected intensity at a surface temperature 7.

3.1.8
surface temperature
T

S
temperature of the material, such as the bulk metal film, at the point where the light reflectance
is measured based on the TR method

3.1.9

reference temperature

Ty

surface temperature of the sample when the reflectance change is zero

Note 1 to entry: As the reference temperature, the ambient temperature of the sample in thermal equilibrium is used.
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3.1.10

junction temperature

7]

tempe

Note 1

rature of the semiconductor pn junction of the LED die

to entry: The junction temperature is in principle different from the surface temperature. The j

unction

temperature is in general approximated by the surface temperature. If necessary, it can be more accurately obtained
by using the power dissipation and thermal resistance between the surface of the sample and the pn junction.

Note 2

to entry: The measurement of the junction temperature and thermal resistance are listed in

IEC 60747-5-6:2021.

3.2
LED
TR

4 Measuring methods

4.1

411
a) T
If
of
b) HU

w
75

c) Pr

In
In

Abbreviated terms

6.7 of

light emitting diode
thermoreflectance

Basic requirements

Measuring conditions
mperature

ot specified, measurements shall be made at an ambient (7,) of (25 + 3) °C in a cor
natural convection.

midity

nen humidity condition is not specified, relative humidity shall be between 25 % R
% RH.

ecaution

some cases, measurements changé’because of heat generation in the test LED ove

st
be)
re

4.1.2

Measyring instruments and equipment shall be the same as listed in 6.1

IEC 6

4.2

To m¢

dition

H and

F time.

that case, it is necessary to-“decide on the measurement time; otherwisg¢, the
m%lasurement shall be performed-after reaching thermal steady-state condition. Th

ermal

ady-state condition may be-considered to have been achieved if doubling thT time

ween the application of-power and the measurement causes no change in the ind
sult within the precision“ef the measurement instruments.

Measuring instruments and equipment

D747-5-6:2021.

Purpose

cated

.2 of

asure the surface temperature at an operating current of the LED die or package by

using

a noncontact technique of the TR method [1]!. The TR method is especially useful in the
following cases:

a) the die size is very small, like a micro LED, so even small probe electrical signals can disturb
the actual junction temperature value;

b) the linear relationships between the junction voltage and the forward voltage are not
guaranteed, such as very high injection current density for high radiant power and high

op

1

erating temperature.

Numbers in square brackets refer to the Bibliography.
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4.3 Measurement
4.31 Measurement setup
4.3.1.1 General

All the test should be performed under the well certified and defined conditions to avoid any
external disturbances. The LED sample at a constant ambient temperature is driven by forward
current and the TR measurement is performed under steady state. Basic characteristic
measurements of the LED sample such as current, voltage, spectrum, and radiant power are
the same as listed in IEC 60747-5-6:2021.

The sample is placed on a hot-plate with good temperature control that is large enough-or the
sample size. As a light source, a 532 nm laser, which is most sensitive to Au metal, is|used.
The lgser beam is focused on a point as close as possible, within a recommendéed vdlue of
500 um, to the region where heat is generated in the LED die so that the thermal resigtance
bethrzn them can be ignored. A photomultiplier tube (PMT) is used as‘the light-redeiving
elemelnt, and the sensitivity of reflectance measurement is increased by using a lock-in anjplifier
synchfonized with the laser beam pulse. The configuration shown in this'figure is the most/pasic,
and a multiple of configurations can be adopted depending on the type:of light source or dgtector
used.

Figur11 shows a configuration example of an apparatus using the principle of the TR mgthod.
I

Laser at Mirror
532 nm

7

Lock-in B
amplifier f——| PMT [« eam
splitter

Band-pass
filter at 532 nm

Beam
PC ccb splitter
A
y
Lens
(x100)
DC/pulse R Sample (LED)
source meter e |
Heater
X-Y-Zstage
IEC

Key
CCD charge-coupled device
PMT photomultiplier tube

PC personal computer

Figure 1 — Schematic diagram of the TR setup
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4.3.1.2 Light source

A laser or a LED can be used as the light source for the TR measurement. Continuous or pulsed
light is used to measure the temperature with the TR method. Periodic light pulses combined
with a lock-in amplifier are preferred to reduce reflectance measurement errors. The radiant
power of the light source represents the average value. The radiant power density of the light
on the surface of the metal film is selected from the viewpoints of suppressing the temperature
rise due to light absorption during the reflectance measurement and obtaining a sufficient

signal

-to-noise ratio.

4.3.1.3 Detector

A phatodetector having sensitivity to the wavelength of the light source for tempe

meas
ultrav

4.31.
The s

tempe
ambig]

4.3.2
4.3.2.
A LEL

temperature T, and the reflectance R from the metal film at the reference temperatu

invest

By ind
surfag

and the temperature distribution in the’metal surface becomes uniform. The reflectance R

surfac
effect
beam
surfac
appro
how
temp
temp

rement is used. The photomultiplier tube (PMT) in the spectral range can be. use
olet to near-infrared.

1 Temperature heating system

bmple is placed in a thermal chamber or on a hot plate operatinglat'a constant ar
rature. As a result, the sample without current injection is in~thermal equilibriun
nt temperature.

Measurement principle
[ General

D sample with an exposed metal film, the Cyx value of the metal film, the refe

gated before applying the TR method.

reasing the forward current to the.LED die at a constant ambient temperature 1
e temperature T of the metal film\rises and arrives at the steady state. The heat s(

e of the metal film changes!with a change in temperature due to the thermorefleq

Therefore, by measurjng:the relative change in surface reflectance (AR/R) of th
and using the reference/temperature, it is possible to measure absolute values
e temperature as_a function of forward current. Finally, the junction temperat
Kimated by the same value of the surface temperature. Figure 2 schematically illus
he thermoreflectance coefficient is measured and utilized to obtain the s
rature and the junction temperature. Condition for approximating the measured s
rature to thejunction temperature will be given in 4.3.2.6.

rature
i from

hbient
n with

rence
[e are

5, the
reads

of the
tance
b light
of the
ure is
trates
irface
irface
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Sample (LED) Tg=Tg+ AT CT=Tg

IEQ

Figure 2 — Schematic illustration of measuring the thermoreflectance coefficier
surface temperature, and junction temperature-by’the TR effect

4.3.2.2 Ambient temperature measurement

so that the sample is in thermal equilibrium during the*ambient temperature measuremen
tempdrature of the environment is measured hy)a temperature-measuring device su
thermpcouple. The measurement of temperature,is carried out in a place as close as pg
to the|sample. Ambient temperature of the sample can be controlled by varying the tempe
of the|thermal chamber or the hot plate withshigh thermal mass.

The sjtmple is placed in a thermal chamber or on a hotplate operating at a constant tempe|

4.3.2.8 Reference temperature measurement

The sagmple under no current injection is in thermal equilibrium during the reference tempe
measlirement. The reference temperature is set to an ambient temperature. Once the refe
tempgdrature of the sample is set, the subsequent TR method should be performed at the

4.3.2. Thermoreflectance coefficient measurement

The thermoreflectance coefficient is a basic material property that depends on illumi
wavelength, ambient temperature, and material surface properties. It is also influenced
measlrementapparatus such as the magnification and numerical aperture of the optics.
the thermareflectance coefficient is recommended to be calibrated for each experimental
In ordertorachieve the best temperature resolution, it is necessary to use an accurate va
the t - . s .
thermoreflectance coefficient close to the maximum value of the material to be analyzed.

The sample is in thermal equilibrium during the thermoreflectance coefficient measurem

2022

rature
t. The
ch as
ssible
rature

rature
rence
place.

hation
by the
Thus,
setup.
ue for
des a

ent at

different ambient temperatures. The surface temperature of the metal film used for the TR

measurement is equal to ambient temperature.
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The reflectance of light from the metal film is measured with changing ambient temperature,
i.e., the surface temperature. The value of the measured reflectance need not be absolute.
When the surface temperature changes slightly from 7Tto T + AT, the reflectance changes from
R to R+ AR. Then, the thermoreflectance coefficient is calculated at T as AR/R. The
thermoreflectance coefficient of the metal bulk film is theoretically a function of temperature T,
but experimentally exhibits a constant value over a wide temperature range from room
temperature to several hundred degrees Celsius. In most cases, it is recommended to use the
average value within the range of use to reduce the experimental error due to surface
temperature.

4.3.2.5 Surface temperature measurement

The sjurface temperature of the metal film is measured by the TR method on the sfmple
operafing in steady state. The surface temperature is obtained by calculating a~change in
tempdrature at a known reference temperature.

CTR R

where| R is the reflectance of light at the reference temperature 7,,,“AT and AR are changes of
temperature and reflectance from T;; and R, respectively.

When|light is normally incident on the sample, the surface temperature can be expresged as
light iptensity measured by detector as follows:

Iy = I + Crg (T~ To ) Io

where| /7, and [ are the light intensities (inarbitrary unit) measured by the detector at the spirface
tempdrature T and T, respectively.
4.3.2.6 Junction temperature,measurement

The temperature measured.by’the TR method is in principle not the junction temperatufre but
the syrface temperature. Fhe junction temperature is theoretically expressed as the sprface
tempdrature using the thermal resistance between the junction to the metal surface.

Iy =Ts + Rip(j.5) b

where Rth(j-s) (K/W) is the thermal resistance between the semiconductor junction to the|metal

surface and Pp (W) is the dissipated power. Tf the second term is smaller than or equal to 5 %
of T, the surface temperature 7, can be approximated as the junction temperature T;. This
document assumes this condition, which is typical for most LED dies or packages. Otherwise,
the junction temperature 7; shall be evaluated using the thermal resistance Ry, ;¢ as listed in

IEC 60747-5-6:2021. An example of measuring the junction temperature with different methods
can be found in Annex C.
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4.3.3 Measurement sequence

The procedure for measuring the junction temperature is shown in Figure 3.

Step 0: Test environmental specifications

All the test should be performed under the well certified and defined conditions to avo
external disturbances. Test environmental specifications are listed in Table 1.

id any

Turn on the temperature heating system, the light source, and the detector. Place the

sample on the measurement jig and thermocouple near the sample for ambient tempe

rature

measurement. Adjust the light beam and focus on the surface temperature measurement
position so as not to exceed or lack the scale required for sample temperature measurement.

Recordthe davelradge radlant power.

Step 1: Set the heating temperature T}, without applying forward current to the samplsg

. Wait

until the normally reflected intensity In is stable so that the ambient temperature 7, nll‘ay be

equal to the surface temperature 7. It is recommended to wait at least 5\minutes

otherwise specified. Measure the ambient temperature 7, by the thermocoupld.

standard thermocouple types K, T, J, and E with appropriate measurement tolerance
as|t2,2 °C are recommended.

Step 2: Select the position of the surface temperature measurement as close as poss

ctral reflectance R at a surface temperature T,. Repeat'the step 1 until the ar
perature reaches the maximum heating temperature(7,,,, for the Ctg measureme

sp
te

Step 3: Plot (4r/475)/R as a function of surface temperature T.

Step 4: Calculate the thermoreflectance coefficient Ctg by approximating (4r/47y)/1
linear function of the surface temperature Tg

th}‘semiconductor junction. Measure the reflectance R at the-metal material. Measure the

nless
The
5 such

ble to

hbient
nt.

R as a

Step 5: Repeat step 1 at the room temperature. Set the surface temperature 7 as the

reference temperature 7,,. Measure thé reflectance R at Ty,.
Step 6: Set the sample forward current /g.

Step 7: Measure the relative(change in the reflectance at the reference temperatur
AR/R.

Step 8: Calculate the surface temperature change from 47, = (4R/R)/Cr; and the s
temperature at the forward current, i.e. T, =T + 47T, .

Step 9 (optional):*Set the junction temperature Tj to the surface temperature 7. The
is phown in-Figure B.2.

Step 105Create the test report.

e, 1.e.,

Lirface

result



https://iecnorm.com/api/?name=ec2ee0cf237e49626de860e6dc21e9e2

IEC 60747-5-14:2022 © IEC 2022 -13 -
Step 0 Check measurement conditions
Step 1 Set heating temperature Tj,
Measure the ambient temperature 7,
Step 2 Measure the reflectance R < .
Set T, to the surface temperature T
No
W
Yes l
Step 3 Plot (AR/ATG)R vs. Ty
Calculate the thermoreflectance
Step 4 7\
coefficient Ctg
Set the reference temperature Tj
Step S Measure R at T
\4
Step 6 Set forward current
Y
Step 7 Measure AR/R
Step 8 Calculate ATgand Ty <
Step 9 Set T to I (optional)
y
Step 10 Create test report
Figure 3 — Sequence of the measurement of the junction
temperature using the TR method
5 Testreport

The test report should include the items shown in Table B.1.

IEC
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Table 1 — Summary of test report

Item Unit Value Comment

LED maker - - Specify the name of the company
Model name - - Specify the model name
Die size pmxpm
Electrode type - Ex. Lateral, Flip-chip, or vertical
Package type - Ex. SMD, size
Peak wavelength of LED nm Specify current /o

Specify light source
Peak vavelength of light source nm

Ex. Laser or LED
Beam|diameter of light source pm

Specify laser driving conditions:
Averape power of light source mW

EX. f=1 kb/s, duty =60 %
Detecfor type - Ex. PMT, Si PIN-PD

Specify material:
Surfa¢e material -
Ex. Metal, thickness

Thermoreflectance coefficient (C;g) K-1 Ex. £1% error

Thermocouple Type EX. K-, T-, J-, E-type

Humidity % RH

Refergnce temperature (7)) °C

Maxinpum applied current (/. ) mA

Forwgrd current (/) mA

Surfage temperature (7) at /. °C

Junctipn temperature (TJ.) at I sC Specify (1) T,=Tgor (2) T = To+Ry, .6\Fp
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Annex A
(informative)

Measurement of the thermoreflectance coefficient of a standard metal film

The Au bulk film is selected as a standard metal film. The thermoreflectance values of standard
metal films are measured by using the TR measurement system as shown in Figure 1. The
irradiance of the light on the surface of the metal film is selected from the viewpoint of i)
suppressing the temperature rise due to light absorption during the reflectance measurement
and ii) obtaining an enough signal-to-noise ratio.

Test gnvironmental specifications are as follows:

— standard metal film: 230 nm thick Au bulk film deposited by an e-beam evaporatof on a
2-inch (100) Si-wafer;

— humidity: 50 % RH;

— relerence temperature: T = 30 °C;

— soprce: 532 nm wavelength laser driven at 1 kHz and duty 50 %;

— avgrage laser power: (0,85 + 0,05) mW;

— lager beam diameter: 3 uym;

— detector: Photomultiplier tube (PMT);

— measurement range of surface temperature Tg: T30 °C) — Tp,4, (120 °C);

— Megasurement step of surface temperature T3, AT; = 10 °C.

Figurg A.1 shows the measured results of thermoreflectance coefficient of a standard Ap film.
From the linear fit, the Ctg value is estimated to be Ctg = -(2,99 + 0,09) x 104 K-1.

O v T b T v T v T v T
| " Q s Experiment
» Linear fitting
-0,01 |4 " 4
]

S s
< -
;’ .
>'=0,02 |- -
< a
H ]
S
g -0,03 | . ,‘
c
= w
8 '
o
o _0’04 A A A A A T .
-% 0 20 40 60 80 100 120
E) * Increase of surface temperature ATy (°C)

IEC

Figure A.1 — Experimental result of thermoreflectance coefficient of a standard Au film
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Annex B
(informative)

Test example

A Flip-chip type blue LED was mounted on an Au bulk film which was deposited on a Cu
submount. Au bulk film was made by the same process as the standard metal film described in
Annex A. The thermoreflectance value of Au film was measured using the TR measurement
system as shown in Figure 1. The thermoreflectance coefficient of Au film was the same as the

standard Au film experimentally shown in Annex A.

A K-type thermocouple was soldered to the Au film at the edge of the submount. The
beam|used for the TR measurement was focused on the Au surface as close as possible

LED die. Figure B.1 is a photograph of the sample used in the experiment.

e Step 0: Test environmental specifications

laser
to the

— | Sample: Flip-chip type blue LED mounted on thick Au bulk\ film deposit¢d on

Cu sub-mount
— | Die size: 1 500 ym x 1 500 uym
— | Peak wavelength: ~447 nm at 7= 20 °C
— | Mount size: 3 000 ym x 3 000 uym
— | Others are listed in Table B.1
e Step 1: Measure the thermoreflectance coefficient . Cyg of the Au bulk film.
- | Ctr = -(2,99 £ 0,09) x104 K1
o Step 2: Set the reference temperature T
- | Ty=30°C
o Step 3: Set the sample forward current 7.
— | Ir = 500 mA
e Step 4: Measure the relative change in the reflectance.
— | AR/R = -1,85 x 102
o Step 5: Calculate(the’surface temperature change.
— | ATg = (ARIR)/C1g = 62 °C
e Step 6: Calculate the surface temperature at the forward current /.

— | 17sE 0y + AT =92 °C

o StepF—SetthejunctHontemperaty
- I;=T4=92°C

e Step 8: Create the test report.
— Fill'in Table B.1.

e Step 9 (optional): Repeat step 3 through step 7 by changing the forward current /5. Plot TJ

as a function of I.
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K-Type thermocouple

Laser beam
for TR experiment
— p

it Flip-chip Blue LED

1500 ym

IEC

Figure B.1 — Photograph of a sample preparedfor
the junction temperature measurements

150 | .

Junction temperature T (°C)

100 - N -

50 - n -

i 1 A 1 A 1 A 1 1 A 1 A 1 A »

0 100 200 300 400 500 600 700 800

Forward current Ir (mA)
IEC

Figure B.2 — Junction temperature measured by
the TR method of the sample shown in Figure B.1
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Table B.1 — Summary of test report in example

Item Unit Value Comment
LED maker - - Specify the name of the company
Model name - - Specify the model name
Die size pm X pm 1500 x 1 500
Electrode type - Flip-chip
Package type - SMD
Peak wavelength of LED nm 446 at I
Peak fvavelength of light source nm 532 Solid-state laser
Beam|diameter of light source um 3
Averape power of light source mW 0,8
Detecfor type - PMT
Surfa¢e material - Au 270 nm thick bulk film
Thermoreflectance Coefficient (Cg) K1 -2,99 x 104 +3 % cerror
Thermocouple Type K
Humidity % RH 50
Reference temperature (7)) °C 30
Maximum applied current (7 ) mA 700
Forwgrd current (/) mA 500
Surfage temperature at I °C 92
Junctipn temperature at /. °C 92 Set TJ to T
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