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EURAMET's Research Programme

EURAMET's research programme EMPIR enables ENERGY ENVIRONMENT
European metrology institutes, industrial & medical
organisations, and academia to collaborate on Joint

Research Projects (JRPs).

r—

INDUSTRY

The projects are centred around fields like Industry,
Energy, Environment, Health and Capacity
Building. The programme also supports the
development of the fundamental SI system of
measurement units.

CAPACITY.

i

EMPIR H -~

The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States

EMPIR follows on from the EMRP programme, which
has now been successfully completed.

See https://lwww.euramet.orqg/ for more details.
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https://www.euramet.org/

Met4FoF - Metrology for the Factory of the Future

Digital sensors and Reliable smart Confidence in smart data
smart traceability sensor networks analysis methods
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JCGM 100:2008
Ul it DTN

Evaluation of measurement
data — Guide to the expression
of uncertainty in measurement

des donndes de mesure

Dynamic, digital-only output and  Synchronisation, co-calibration Measurement uncertainty in
low-cost MEMS sensors and sensor fusion machine learning and Al
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Project objectives

* Develop calibration framework for
sensors with digital pre-processed
output and internal signal
processing.

* Develop a reference system for in-
situ calibration of MEMS measuring
ambient conditions.

e Develop metrological infrastructure
for real-time data aggregation and
machine learning in industrial
sensor networks.

* Implement the methods and
frameworks developed in industry-
like test environments.
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About SPEA

WHO
WE ARE

A global leader
in test equipment
for Semiconductors, MEMS and
Sensors, Electronic Boards,
Batteries and devices.

Since 1976.

KISPEA

S

€210M

2023 Global Revenues
+6% yoy

+20% Average 2020-2023
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39

global locations

5

direct operations

%

12,000

Systems installed
worldwide

O

&

serving
1 s 8 O O + customers
in
6 5 + countries
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Global presence

0
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© SPEAsite O Partner
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Tested Products

"' \\%\ "

Si/SiC/GaN MEMS and Flei Circlite

Wafers Sensors

SEMICONDUCTOR ELECTRONICS
INDUSTRY INDUSTRY

Battery Cells)
Modules, Packs

LED Panels

Discretes
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Electronic testing world

SEMICONDUCTOR INDUSTRIES ELECTRONICS INDUSTRIES FINALUSERS
W
| i
1 |
I 1
| 1
| !
| f | /
silicon wafer microchip I board module | assembled device
v v : v v : FIELD REPAIR
. I v
ATE ATE i ATE ATE 1 Field return
| I boards
+ Parametric * Parametric | « In-circuit * Functional test | h 4
* Functional * Functional | « Flashing | RTEl - in-circuit
i . Boqndary Scan 1 - Boundary Scan
| Optical test [ « Optical test
I * Functional test | « Functional test

ATE stands for AUTOMATIC TEST EQUIPMENT: industrial machines able to perform all the operations required
to verify the correct working of an electronic product

. ] CSSPEA
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Wafer-level and chip-level testing

wafer probe card load board

test program

- parametric
- functional

Wt— S — —
Sy | L A
test program
microchip socket board load board ATE ) ?a 'a"."‘*t"'c
- functional
ACCREDIA
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Product Lines

SPEA is the only ATE manufacturer
whose product portfolio embraces
all the phases of testing.

Semi & MEMS Test W< Electronics Test

MEMS test cells | BN ICT testers From semiconductor wafer test
to packaged IC and MEMS sensor
test, from in-circuit and flying
probe test on assembled PCBs to
final functional test of assembled
devices, performed with
dedicated custom equipment.

Mixed Signal, Analog 3 ‘ Flying probe testers
& SoC testers 2 Functional & EOL testers

Power device testers Battery testers

Test handlers ‘ ._ \ Automatic board handlers ~- .

Custom test equipment

“ v’I
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Industries served

= -

Industrial Automotive

& <7

Medical Aerospace & Defense

g e

Lighting Energy & Power

Consumer

Identification

)

Home Appliance

ACCREDIA
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Market Goals

Power
& Automotive

Exploit our position of
strength in the Power and
Automotive Market, taking
advantage of the growth
trend of this market

Micro
controllers

Grow our presence in the
microcontroller test
market, with dedicated test
instrumentation
development

5G
& mmWave

Grow our presence in the
RF, 5G & mmWave market
segments, with dedicated
test instrumentation and
low-cost complete test
solutions

Computing
& Network

Expand our presence in
the in the computing and
networking market, with
dedicated digital test
instrumentation

ACCREDIA
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SPEA and MET4FoF

« Provision of in-situ calibration and
measurement traceability to a next
generation of ATE systems, based
on a “reference fixture”

« Demonstration of the effectiveness
of the improved ATE system in
performing traceable dynamic
temperature calibrations of the
chucks [the thermal conditioned
elements in direct contact with the
MEMS]

« Demonstration of the effectiveness
of the improved ATE system in
performing traceable dynamic
temperature calibrations of MEMS
sensors

ACCREDIA 15



ATE for MEMS temperature testing

ATE machine

Chuck motion axis
Socket Area

e

Thermal Chuck [Bottom View]

_ Sock
e /.m"f:

Temperature
controlled
medium

Modular
strip design

ACCREDIA
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Thermal conditioning system

Thermal chuck Cooling channels
Thermal Conditioning Unit

4 Feedback Temperature Sensors i Ill.
1

< Heating Power [4 x Heaters]

Cold Fluid Flow I
‘ —— = [
—lei ey |

f

Heaters
[N°1 heating foil with n°4 heating sections]

Feedback Temperature sensors
[N°4 Pt100-Class A]

I
Cosassanes
;ﬂooooooooé,
Wesvssses
iteeeseneaes
T
T
TR xR RT3
ssecsesses
{ssssssssve
Fesesesse

I

I

ACCREDIA

17



Project objectives of the SPEA testbed

Unit under test (UUT = MEMS)

e MEMS sensor to be tested in-situ under
proven and traceable temperature
conditions.

Sensors socket

e Part used to keep in place the UTTs
during the test and provide power and
data connection.

Thermal chuck

* High thermal conductivity and diffusivity medium to provide
homogeneous temperature to UUTs under transient
conditions.

® Each UUT has a custom-designed thermal chuck.

=) GOAL

Layers to be
investigated to
reach the goal.

ACCREDIA
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Selected MEMS for demonstration

Features:

* Type:

* Operatingrange:
* Interface:
* Temperature accuracy: +2°C (Factory calibration)
3.3x3.3x2.75mm

* Integrated 24 bit AZ ADC

* Dimensions:

Pressure and Temperature sensor;
300 to 1200 mbar, -20 to +85 °C

12C

TEMPERATURE OUTPUT CHARACTERISTICS (Voo=3V, T =25°C UNLESS OTHERWISE NOTED)

Parameter Conditions Min TV Max Unit Temperature error accuracy vs temperature @850 mbar
. . ;
Relative Accuracy -20...85°C,300...1100 mbar -2 +2 °C LI -
Maximum error with supply = - 6
voltage Voo =15V..36V 0.3 C T « M
8192 0002 $ al—sal_
4096 0.003 £ b —_— e
; 2048 0.004 - #
Resolution RMS OSR 1024 0006 C § 2
512 0.009 g ‘ B S epep——
256 0012 g ¢ = ereTyTTs
8 - . H H
-2 o 0 0 “0 E
Temperature [*C]
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Process to reach the goal: a traceable calibration framework

Developing a reference fixture to provide traceable temperature and
electrical measurements to ATE machines.

Implementing good metrology practice in a novel ATE machine able to
calibrate in situ electronic circuitry and reference temperature sensors.

Optimizing the temperature control system.
Validation of the generated thermal conditions to estimate MEMS

calibration uncertainty.

In situ MEMS testing/calibration under traceable temperature conditions.

ACCREDIA
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Approach to investigate the ATE thermal stimulus: the reference fixture

ATE machine

Chuck motion axis
Socket Area

populated with
calibrated strips
(reference fixture)

Sensor socket
i1

Temperature
controlled
medium

Reference
sensors

Thermal Chuck [Bottom View]

ACCREDIA
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Approach to investigate the ATE thermal stimulus

Reference fixture: Instrumented sensor socket equipped with a network of calibrated reference sensors.

Reference PT100 Class A (thin film or SMD)

* Temperature range: -50°C = +250°C

» Accuracy: better than 0.1°C after calibration

* Nominal resistance: 100 Q at 0 °C

* Long term stability: < 0.04 % at 1000 h at 130 °C

Reference digital temperature sensors: Texas Instfrument
TMP117

» Temperature range: -55°C + +150°C
» Accuracy: < 0.1°C after calibration

* Resolution: 0.01°C

» Digital 12C bus

Golden device

e Laboratory calibrated MEMS of the same kind of those under tests

ACCREDIA 22



Developing of a reference fixture with digital temperature sensors

% )

.\_‘\)

%)) |

THERMAL CHUCK

Custom socket

Fixing mechanism

N°8 TMP117

| ==

Y

i =
o 12c#1

¥

|\9‘1]

el Custom Socket

Spring mechanism

Pogo pins

Temperature Sensor Holder

Socket Board
[nController embedded]

Electrical interface
[Interposer]

ACCREDIA
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Laboratory calibration of the sensors aboard the reference fixture

Connection to
thermometer
read-out units

Reference

12C Interface
thermometer

r———

Calibration
connector

Calibration
Bath
Calibration
* All the Reference Fixture have to be calibrated tool Handle
by INRIM in a calibration bath;
* The sensor capsule will be able to provide
connections for data and power signals. It will
be made of proper materials suitable to
optimize reference sensors temperature
calibration over the range -60 °C and +200 °C.
Calibration capsule for
Reference Fixture for
TMP117 sensors or
Golden device
V3 14
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Calibration capsule layout

M ceeeeeeeee bd

Metal Capsule Top lid
/ [Copper or

Aluminium]

Custom Socket

/ [Part to be calibrated]

O-ring

Capsuleframe

[Copperor
/ Aluminium]

O-ring

i
€— Customsocket

5 Clampingblocks [Peek]
i \ Interface board for

calibration

" Fitting
[Brass]

\ Handle

Cable + connector [Peek]

Reference pins

\ Metal Capsule Bottom lid

[Copperor Aluminium]
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INRIM digital sensors calibration system

ACCREDIA
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Reference fixture for in situ ATE calibration
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Reference fixture for in situ ATE calibration

ACCREDIA
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ATE metrological characterization

Set point: +5°C
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Set point: +35°C
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Set point: +80°C
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el e

Sensor TMP117 (Factory Calibrated)
°C °C °C
Set point temperature 5 35 80
Max temperature 7.27 35.71 79.71
Min temperature 5.70 35.20 76.42
remperature homogenelty | 157 | os1 | 329
Mean temperature 6.45 35.56 78.59
Temperature stability 0.02 0.02 0.02
Set-point deviation 1.45 056 141

(mean-set point)

ACCREDIA
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Thermal Modelling of SPEA ATE initial

set-up and Optimization Strategy

FeRabak Teamgevatyra sHsos

Temperature/K

62

615

61 4

60

59.5
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Chuck [Exploded view]
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Description of the improved thermal chuck set-up

Improved Thermal Chuck Improved Thermal Chuck-Embedded Reference Sensors[TMP117]

Sensors Rowas

Sensors Rowe?
0

Sentors Rows |

Somors Roway
Somocs Kowdl

153 1 ¢ i
1 v 57
A EEERETAKEEE EE R IR S &0 0. a0 B sSSP AR FrmEs
Site Number . Sensor Numbet

Embedded board
with n"64 Reference lemperature sensors

[TMP117]
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f the improved thermal chuck set-up

ion o

ipt

Descr

Improved Setup

First Setup

Legenda

[ Heaters

.umammm

‘_m:.u B“.Wﬁm
._wm E _wcnnm_
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o foka] m_ BERE 3R 8t
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6 0E e oY e 6 oE 8
o Baed O 0F fE 2 @t
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15 Ref. Temperature Sensor

Temp. sensor covered area

3] pusher Tip for Test site
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Improved thermal chuck metrological characterization

Id_Sensors Row Sitel Site2 Site3 Sited Site5 Site6 Site7 Site8 Id_Sensors Row Sitel Site2 Site3 Site4 SiteS Site6 Site7 Site8 Id_Sensors Row Sitel Site2 Site3 Site4 Site5 Site6 Site7 Site8
8 TmMP 495 4,91 502 505 | 506 4,98 492 8 _T™MP 35,02 35,01 34,99 | 3498 34,98 35,03 8_TMP 80,02 80,03 80,01 7993|7993 80,01 80,05 80,02
7_TmP 501 498 | 503 509 | 507 498 | 492 502 7_T™MP 35,01 35,02 | 3502 3502|3502 3499|3498 3502 7_TmMpP 79,98 80,05 79,99 | 80,02 80,01|80,02 79,98
6_TMP 503 501 | 504 505 | 509 5 4,99 509 6_TMP 35,01 34,99 | 35,03 35 35,02 34,98 6_TMP 80,03 80,04 | 80,04 79,99 | 80,01 80 | 79,95 80,05
5_TmpP 5,06 5 498 5,03 | 502 5_TmpP 34,98 34,99 34,§8 35,02 | 34,99 35 5_Tmp 79,86 79,96 | 79,97 79,99 | 79,97 79,98 | 79,98 80,03
4_TMP 5 497 | 492 456 | 497 4_T™MP 35,01 35,01- 35 35,01 34,98 4_TMP 79,89 7997|7994 7998 79,99 79,99 | 79,98
3_TmMP 493 4?5 . 4901 | 401 3_T™MP 3498 3501| 35 3502 35 35,01 3_T™MP 79,95 80,02| 80 80,03|79,98 79,99 | 80,06
2_TMP ‘Q,:Q a; 4,91 4,91 2_TMP 34,98 35,03 35 34,99 | 35,01 35 35,01 2_TMpP 80,05 4| 80,08 80,01 | 80,02 80,08. 79,99
1_TMP 501 492 491 496 | 493 1_TmpP 35,02 35,02 35,01 35 34,98 3502 34,99 1_TMP 80,06 80,05 79,95 79,94|79,93 79,95 80,09 80,05

Sensor TMP117 (Factory Calibrated)

°C °C °C

Set-point temperature 5 35 80

Max temperature 5.20 35.05 80.17

Min temperature 4.84 34.96 79.64

Temperature homogeneity (max-min) 0.36 0.09 0.53

Mean temperature 4.97 35.00 80.00

Temperature stability 0.02 0.02 0.02

Set-point deviation (mean-setpoint) -0.03 0.00 0.00
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Improved thermal chuck metrological characterization

oc - oc

°C °C °C °C °C °C °C °C

_ 80.00 80.00 80 80.01 80 80 80 80.01 80.01 - 80 80 80 80.01

°C °C °C

80.17 80.14 80.14 80.05 80.02 80.05 80.14 80.08 80.08 80.03 80.05 80.06 80.09

79.64 79.86 79.86 79.97 79.97 79.95 79.89 79.94 79.98 79.93 79.93 79.94 79.93

u_t_homog 0.21 0.08 0.08 0.02 0.02 0.03 0.08 0.04 0.04

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
0.43 0.20 0.19 0.12 0.11 0.12 0.19 0.13 0.13

0.04 0.04 0.03 0.05

0.02 0.02 0.02 0.02

0.13 0.13 0.13 0.14
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Improved thermal chuck calibration and traceability chain

ITS-90 NMI

DRY AIR l

Reference SPRT

,

Working PRT Calibration laboratory

Calibration

Bath . l

UUTs:
ATE reference sensors

l

ATE with calibrated
ATE reference sensors
l Testing
laboratory

Removable handle

ATE UUTs

|

Consumer electronics
Smn mounting End users
calibrated UUTSs sensors

|
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One-touch calibration algorithm for the reference sensors of the SPEA improved ATE systems

/ INRIM CALIBRATION FACILITY \
1 Reference fixture
sensors calibration

\ 4

5 Issuing Digital Calibration
Certificates (DCCs)

\ 4

Uploading DCCs
‘ 3 \ on safe repository / I N RI M
CLOUD service DCC-ISSUER

\ >
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Considerazioni sui DCC

Strada delle Cacce, 01 - 10135 Tarino (italia)
= 430011 30101

B +30011 346384

&7 nrmEinnm it - wee innm it

pag. 1/5

CERTIFICATO DI TARATURA

N.  21-0264-01

Oggetto
Htem/Object

ModelloTipo
Model/ Type
Identificazione
Serial number

Costruttore
Manufacturer

Data ricevimento oggetto
Date of receipt of item

Data delle misure

Date of Measuremenis

Procedura appllcata
Applied procedure

Registro di laboratorio
Labaratory record book

Committente
er

Indirizzo
Address

Responsabile attivitd
Responsible for the activities

{Denis Smorman)

Certificate of Calibration
emesso Wissvedon  2021-09-01

Sensore di temperatura integrato con uscita digitale/ IC temperature sensor
with digital output

TMP11T
RF1-1

Texas Instruments

2021-02-03
Dial 2021-02-24 al 2021-02-25
i

Commessa 21-0264

SPEA SpA

“ia Torino, 16, 10088 Volpiano TO

Autorizzato da
Authorized by
Funzione

(Micheia Saga)

Tabella I/ Table 2, Rizultati della taratura / Calibranon Resules

CERTIFICATO DI TARATURA

Certificate of Calibration
N. 21-0264-01 emesso illissued on 2021-09-01 - pag. A5

N. ordine

Trom

(°C)

triF
("C)

fr

(°C)

fuur tror
{°C)

U
rc)

5

458

485

0.07

0.ar7

15

14.57

1464

0.07

0.06

25

24 57

2461

0.04

0.08

35

34 56

3481

0.05

0.08

60

59.59

5963

0.04

0.086

g0

T9.62

79.64

0.02

007

b I = P o I ) T Y

4]

s4.82

8484

0.02

007

Il presents certificato attesta |a rifenbilita delle misure ai Campioni Nazionafi (DM. n. 581/1883) e alle unita di

misura realizzate al'INRIM o in altr Isttuti Metrologici Primari ai sensi defla Legge n. 273/1081.

| risultati qui riportati i iferiseono esdusivamente agli oggeti descritt = alle condizioni di misura specificate.

L'autenticita del presente certificato & atles!xh dall appesiione in originale delle firme e del timbro a secco.

La riproduzione def presente solo in copia integrale; 1a in copia
parziale & solo su scritta rilasciata dall'INRIM, da riportare con il numero di

protocolio sulla riproduzicne.

ACCREDIA

Mella tabella 1 & riportato il bilancio di incertezza della parte fissa (us,) relativa al processo di misura.
Esso include i contributi di incertezza dovuti ai termometn di riferimento ed alla sua catena di misura, al
mezzo di confronto e alla risoluzione dellUUT.

Table 1 shows the uncerfainty budget of the fixed part (un) related to the measurement process. It
includes the coninbutions of uncertainty due to the reference thermomefers and ifs measurement
chain, the comparison medium and the UUT resoiution.

Tabella 1/ Table I. Stima dei ibuti di i fizzidel p di misura ! Evalnation of the fixed
uncertainty contributions of the measurement process.

ST |Bim St Dev |(StDev)"2

°C =c*

1aa_ IPRT calibration ¢ | 00z 1 Mormal 2 0010 | 1.00E-D¢
1ab__{PRT long-term stability C_§ 0.050 1 Rectangular | 3.48 0014 § 20808
lac_[PRT fitting ¢ § noes 1 hormal 1 0035 § 6.25E-04
1ba_ }DAQCalibration or Accuracy | C§ 0.010 1 Hormral 2 0005 | 250Ea
ibb__lDAG stability overtime T ¢ 0pio 1 Rectangular | 3.48 0003 § 8.33E-08
ibc  {DAQ resclution *C§ 0001 1 Fectangular | 5.48 TO00 ; 6.5E-08

m

| 2ab  UUT resclution =T 0.001 § 1 § Rectangular | 348 { 0000 | 8.33E08

|combined standard uncertainty -uw_fix| ¢ | | [ Twe | oo

Lincertezza di taratura riportata nella tabella 2 include il confributo we composte coi contributi di
ripetibilith dellUUT {uuur mp) e della temperatura di rifeimento (urer_=p), & allomogeneitd di
temperatura rilevata allinterno del blocco equalizzatore {themeg_ca_soa). Pertanto lincertezza di taratura
in ogni singolo punto di taratura & calcolato come:

The calibration wncertainty shown in fable 2 includes the us coniribution composed with the UUT
repeafabilily confribution of the UUT (uyt =, and the reference lemperafure (Uger =p). and the
homogeneity of temperature within the eqgualizer block (Unomsg car war). Finally, the calibration uncertainty
in each single calibration point is calculated as:

= il 2 2 2
U 5 ><\,I Up® ¥ Yyurrep TUperrep ¥

Yramag_cat_toal

| risultati della taratura sono riportati nella tabella 2.
The calibration results are shown in table 2.

Tabella I / Table 2. i della taratura / Calibration Results
M. ordine Trom triF far tuur free u
°c) (°C) ) (°c) °C)

1 5 458 485 0.07 0.07
2 15 1457 14.64 0.07 0.08
3 25 24 57 24 61 0.04 0.08
4 35 34 56 3461 0.05 0.08
il 60 59.59 5963 0.04 0.08
] 80 7962 79.64 0.02 0.07
T 85 8482 8484 0.02 o7

Controllato da:

Checked by (Wi Femicala)
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Considerazioni sui DCC

1. SITE AND MEASUREMENT CONDITIONS
INRIM - Laboratorio di igrometria primana / Pnmary hygrometry laboratory.
Temperatura dell'aria / Air temperature: 25°C 3 °C
Umidita Relativa / Relative humidity: 50 %rh + 20 *C

2. RESULTS AND EXPANDED UNCERTAINTIES

The calibration resuits are shown in table 1.

Table 1. Calibranion Resules
N. ordine o tai four oyt Ins v
=5+ =61 =5+ 261 5+
1 5 458 465 0.07 0.07 J
2 i) 145/ 1404 o0/ 006 |
3 25 24.57 2461 0.04 0.08
4 35 3456 34561 0.05 0.06
5 60 5959 5963 004 006
6 80 7962 7964 0.02 007
7 85 8462 8464 0.02 007
Legend:
fnom = ; Nominal temperature
tre = Reference temperature
twr = UUT reading
u = Calibration expanded uncertainty

The expanded uncertainty U is exp d as the standard uncertainty multiplied by the coverage factor
k = 2, which for a normal distribution corresponds fo a coverage probability of approxi iy .
In assessing the uncertainty, the long-term stability of the UUT was not considered.

J4

The UUT reading can be comrected using the correction function described by the following polynomial:

YV=0o4x - 8:4% G:+x 8:4x 8¢ ... +x" 8,

HUMAN READABLE DCC

<si:label>setvalue</si:label>
<si:value>5</si:value>

ldec:content>
</dcciname>
<dcc.data>
<dcclist>
<dccname>
<dcc:content lang="en">Calibration at set temperature +5 °C</dcc:content>
<fdcc:name>
<dcc:quantity refType="fcalibration/temperature/setvalue*>
<dcciname>
<dccicontent lang="en">Set Value</dcc:content>
<fdccname>

<sireal>
. . . . . i:label>setvalue</si:label:
<S|:un|t>\degreeceI5|us</5|:un|t>\ b noh i

<si:label>referenceValue</si:label>

<siivaluesS</fsizvalue>
<si:unit>\degreecelsius</si:unit>
</sireal>
<fdcc:quantity>
<dccquantity refType="/calibration /temperature/referenceValue">
<dcciname>
<dcc:content lang="en">Reference Value</dcc:content>
<jdcename>
<sicreal>
<sitlabel>referenceValue</sizlabel>

<si:value>4.58</si:value> <
<si:unit>\degreecelsius</si:unit>

<si:label>measuredValue</si:label>
<si:value>4.65</si:value>
<si:unit>\degreecelsius</si:unit>

<si:label>deviation</si:label>
<si:value>0.07</si:value>
<si:unit>\degreecelsius</si:unit>

<si:uncertainty>0.07<
<si:coverageFactor>2</si:coverageFactor>

/erageFactor>

<sicreal>
\ <si:label>measuredValue</si:label>

<siivalue>4,58</si:value>

<si:unit>\degreecelsius</si-unit>

<l <sizexpandedUnc>
<si:uncertainty>0.07</

<si:coverageProbability>0.95</si:coverageProbability>
</si:expandedUnc> —>
</sizreal>
<fdcc:quantity>
<dcc:quantity refType="/calibration/temperature/measuredvalue">
<dccname>
<dcccontent lang="en">Measured Value</dccicontent>
</dccname>

(FH]
o)
)
O
p=
-
<
O
O
a

<sl:value>d 65</sk:value>

<si:unit>\degreecelsius</si:unit>

<! <sicexpandedUnc>
<si:uncertainty>0.07</

reragefactor>

<si:coverageProbability>0.95</si:coverageProbability>
</si:expandedUnc> —>
</si:real>
</dcc:quantity>
<dcc:quantity refType="/calibration/temperature/deviation"s
<dcciname>
<dcc:content lang="en">Deviation</dcc:content>
</dcc:name>
<si:real>
<si:label>deviation</sizlabel>
<sivalue>0.07</sivalue>
<si:unit>\degreecelsius</si:unit>

<si:uncertainty>0.07</si:uncertainty><!- ADDED-->

<si:coverageProbability>0.95</si:coverageProbability> < <slcoverageFactoraofclcovirageracton

<si:coverageProbability>0.95</si:coverageProbability>
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