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EURAMET’s Research Programme

EURAMET’s research programme EMPIR enables 
European metrology institutes, industrial & medical 
organisations, and academia to collaborate on Joint 
Research Projects (JRPs). 

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. 

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

INDUSTRY ENERGY ENVIRONMENT

HEALTH CAPACITY 
BUILDING

SI

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

https://www.euramet.org/
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Met4FoF  - Metrology for the Factory of the Future

Digital sensors and 
smart traceability

Reliable smart
sensor networks

Confidence in smart data 
analysis methods

Dynamic, digital-only output and 
low-cost MEMS sensors

Synchronisation, co-calibration 
and sensor fusion

Measurement uncertainty in 
machine learning and AI
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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.

• 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
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Global presence
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Tested Products
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Electronic testing world



11

Wafer-level and chip-level testing
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Product Lines
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Industries served
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Market Goals
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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
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ATE for MEMS temperature testing
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Thermal conditioning system
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Project objectives of the SPEA testbed 
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Selected MEMS for demonstration
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Process to reach the goal: a traceable calibration framework
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Approach to investigate the ATE thermal stimulus:  the reference fixture
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Approach to investigate the ATE thermal stimulus 
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Developing of a reference fixture with digital temperature sensors
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Laboratory calibration of the sensors aboard the reference fixture
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Calibration capsule layout
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INRIM digital sensors calibration system
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Reference fixture for in situ ATE calibration
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Reference fixture for in situ ATE calibration
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ATE metrological characterization

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
Temperature homogeneity 
(max-min) 1.57 0.51 3.29

Mean temperature 6.45 35.56 78.59
Temperature stability 0.02 0.02 0.02
Set-point deviation 
(mean-set point) 1.45 0.56 -1.41
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Thermal Modelling of SPEA ATE initial set-up and Optimization Strategy
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Description of the improved thermal chuck set-up 



32

Description of the improved thermal chuck set-up 
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Improved thermal chuck metrological characterization

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

Section All All exc 2 12 11 9 8 6 5 3 2 10 7 4 1

°C °C °C °C °C °C °C °C °C °C °C °C °C °C °C

Mean 80.00 80.00 80 80.01 80 80 80 80.01 80.01 80 80 80 80 80.01

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

Min 79.64 79.86 79.86 79.97 79.97 79.95 79.89 79.94 79.98 79.64 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 0.21 0.04 0.04 0.03 0.05

u_t_stability 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

U_ac 0.43 0.20 0.19 0.12 0.11 0.12 0.19 0.13 0.13 0.43 0.13 0.13 0.13 0.14
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Improved thermal chuck calibration and traceability chain
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One-touch calibration algorithm for the reference sensors of the SPEA improved ATE systems

Reference fixture
sensors calibration

Issuing Digital Calibration 
Certificates (DCCs)

Uploading DCCs  
on safe repository / 

CLOUD service

1

2

3 INRIM
DCC-ISSUER

INRIM CALIBRATION FACILITY 

Downloading DCCs

Metrological requirements 
check

Applying optimization 
strategy

SPEA 
DCC-USER
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Applying calibration 
correction

SPEA IMPROVED ATE

O
N

E 
TO

U
CH

 C
AL

IB
RA

TI
O

N
 

AL
GO

RI
TH

M



37

Considerazioni sui DCC
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Considerazioni sui DCC
<si:label>setvalue</si:label>

<si:value>5</si:value>
<si:unit>\degreecelsius</si:unit>

<si:label>referenceValue</si:label>
<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>
<si:coverageProbability>0.95</si:coverageProbability>HUMAN READABLE DCC
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