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INTRODUCTION

DEAR READER,

Finland is a land of extremes. Our
country is among the top medal-
lists of most competitive countries.
The number of women acting as
ministers is a record high 12 out
of 20. The European song contest
was won by remarkable points by
the monster band Lordi* from Rova-
niemi, the biggest city in Europe
measured by area. Finland ranks
near the top among OECD coun-
tries in terms of R&D investments
as a percentage of GDP: 3.5 %. The
mining industry is also active: Suuri-
kuusisto is the biggest goldmine
under development in Europe. A
nickel deposit of the same impor-
tance has been discovered as well.
Finland is the first to close analogue
TV broadcasting service and to start
using a digital system. 96 % of citi-
zens have a mobile phone and the
number of subscribed connections
is well above the number of inhab-
itants. We have 1 000 000 saunas. In
metrology, | think, we have a world
record in paying the investment and
energy bill of our new building. The
bill is over one third of our annual
budget.

We have spent about 1.5 years in
our new building. A fairly long ar-
ticle has been written about de-

sign principles, specifications and
achieved performance of the labo-
ratories. This paper will be soon
submitted for publication in a scien-
tific journal. As a whole, measure-
ments have shown that specifica-
tions were met, and in many cases,
better circumstances than expected
were achieved. The new building
gathered our metrology activities
under one roof. In addition we
made a decision to take the CMM
(Co-ordinate Measuring Machine)
activity into the new building. Mi-
tutoyo Legex 9106 was purchased.
The consequence of this was that
we terminated CMM activity as our
designated laboratory at Tampere
University of Technology headed
by Professor Heikki Tikka. His labo-
ratory has been a pioneer in CMM
measurements in Finland and qual-
ity of work has been excellent.

Highlights from the year 2006 in-
clude a new national standards lab-
oratory at MIKES. This laboratory
was nominated in the field of high
frequency electrical measurements.
Final statement of the metrologi-
cal competence of the laboratory
was given by Klas Yhland from SP,
Sweden. Development of the labo-
ratory took many years and now it
is time for active customer relations
and training in the field. Another
issue concerns electrical metrology,

too. MIKES-TKK, the designated
laboratory in the field of high volt-
age metrology, licensed the devel-
oped impulse voltage calibrator
technology to Highvolt Priftechnik
Dresden GmbH. Third topic to men-
tion concerns our working profile:
MIKES Metrology was increasingly
active in research and development
work with enterprises. Partly this is
due to a better visibility in the Ota-
niemi science campus.

In the near future EMRP (European
MetrologyResearch Programme) un-
der ERA-NET Plus is important from
our point of view. Active participa-
tion is our intention. It also seems
that working hours are becoming
busier constantly. One indication is
this annual report, which has been
delayed by several months. Maybe,
from now on, we will publish it bi-
annually.

Otaniemi 1.6.2007
Heikki Isotalo
Director

MIKES Metrology

* Lordi is short for Land of Research,
Development and Innovation. At
least this is the interpretation of the
research community.

An aerial shot of the MIKES building, surrounded by other representatives in the Otaniemi technology hub.
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Mission of MIKES Metrology

In Finland the Centre for Metrology
and Accreditation (MIKES) is respon-
sible for the implementation and de-
velopment of the national measure-
ment standards systems. MIKES also
participates actively in international
co-operation and ensures that Finn-
ish metrology is up to international
requirements.

Today Finland has a slightly decen-
tralised organisation of its National
Standards  Laboratories  (NSLs).
MIKES itself acts as the National
Metrology Institute (NMI) of Finland,
designating the National Standards
Laboratories and financing the main-
tenance, research and development
of the national measurement stan-

INTRODUCTION

dards. Some of the activities are
delegated to Contract Laboratories.
International co-operation is also
channelled through MIKES. The per-
sonnel of the department of metrology
is divided into three metrology groups:
thermal and mass quantities, length,
and electricity, supported by assisting
activities.

Metrology
Heikki Isotalo

~

Accreditation
Leena Tikkanen

C Erkki Ikonen, Research Professor)
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Thermal and Mass Length Electricity Support
Quantities

Antti Lassila Antti Manninen Anu Fagerlund
Martti Heinonen Group Manager Group Manager Jaana Jarvinen
Group Manager Jorma Manninen

Veli-Pekka Esala Jussi Hamé&lainen Kirsi Tuomisto
Heikki Kajastie Bjérn Hemming llkka lisakka
Markku Rantanen Virpi Korpelainen Pekka Immonen
Kari Riski Heikki Lehto Kalevi Kallioméki
Hannu Résdnen Mikko Merimaa Antti Kemppinen
Sari Semenoja Raimo Myll&ri Tapio Mansten
Sampo Sillanpéé Kaj Nyholm Jaani Nissila
Leena Stenlund llkka Palosuo Kari Ojasalo
Thua Weckstrém llkka Raeluoto Risto Rajala

Asko Rantanen Anssi Rautiainen

Jarkko Unkuri Alexandre Satrapinski

Nikolai Tisnek
(until June 2006)
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INTRODUCTION

International
Co-operation

Training

Research

Consultancy

Realisation of
SI Unit

Calibrations

MIKES participates in European and international research pro-
grammes and in scientific and technical activities promoted by Eu-
ropean and international bodies in metrology, such as EUROMET,
CGPM/CIPM/BIPM, NICe etc.

MIKES organises various training courses and seminars in several
sub-fields of metrology. In addition, experts from MIKES give lec-
tures in courses and seminars.

Research on the realisation methods of Sl units, measurement
standards and methods is carried out in various research projects,
often in co-operation with other research institutes and universi-
ties. In these projects, several young scientists are carrying out
their practical training.

MIKES Metrology works together with industry and various insti-
tutes. This type of national co-operation in the field of metrology is
increasing in Finland.

The national standards for mass, temperature, pressure, electrical
quantities, time, frequency, humidity, flow, acoustics, length and
dimensional quantities are maintained and developed at MIKES
to fulfil the needs of consumers and the society in Finland. The
duties of the National Standards Laboratories for photometry and
radiometry, high voltage, length in geodesy, acceleration of free
fall, and ionising radiation have been delegated to other institutes
outside MIKES. In addition, the traceability, international relations
and expert services in the field of force, torque, coordinate mea-
surements, and air quality measurements have been organised
through Contract Laboratories.

\

The laboratories of MIKES Metrology offer a calibration service to
establish the traceability of reference standards at the accredited
laboratories. The calibration service is also offered directly to end
users, mostly when the scope or accuracy level of accredited labo-
ratories is not sufficient for the customer.
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INTRODUCTION

Within MIKES, the Metrology Department is responsible for tasks relat-
ing to the maintenance and supervision of the national measurement
standards system. Below is the organisation of the National Standards
Laboratories in Finland.

MIKES
METROLOGIA

Time and frequency Temperature
Acoustics Flow
Electricity Pressure
High voltage Humidity Mass
MIKES-TKK
{ ) Length f
Acceleration of
lonising radiation the free fall (g)
(STUK) Optics Length in geodesy
(MIKES-TKK) (FGI)
Air quality Coordinate
(MIKES-FMI, E d measurements
contract lab.) orce an (MIKES-TUT,
torque contract lab.
(MIKES-Lahti until 31 Dec 2006)
Precision,

contract lab.)

MIKES = Centre for Metrology and Accreditation, TKK = Helsinki Univer-
sity of Technology, FMI = Finnish Meteorological Institute, FGI = Finnish
Geodetic Institute, STUK = Radiation and Nuclear Safety Authority, TUT =
Tampere University of Technology.
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INTRODUCTION

2006 in numbers
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FACTS ABOUT FINLAND

5276 955 (12/2006) inhabitants
338 417 km?

188 000 lakes

Currency: euro

Gross domestic product: 168-10° €

Official languages: Finnish and
Swedish

5 biggest trade partners (export,
2006): DE, SE, RU, USA, GB

R & D investments: 3.5 % of the
GDP

Source: Statistics Finland

MONTHLY TEMPERATURES IN HELSINKI AND
IN THE METROLOGY LABORATORY (°C)
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FACTS ABOUT MIKES
METROLOGY

PROCEEDS 6.1 M€

Research contracts

Expert services 2% o
4% Training
1%
Calibrations
6 %
State budget
87 %
COSTS 6.1 M€
Travels BIPM & EUROMET
1% fees
Support to other 1%
NSLs
9%

Personnel
expenses
0,
Rent 30%
and
energy
37 %

Maintenance

14 %
Investments
8 %
PUBLICATIONS
(MIKES ONLY)
o |
< ] -

. ™ ||

o m < n O
o o o o o
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Theses
- Domestic articles

MIKES publications
See Publications [108 - 116]

Conferences (articles, abstracts,
talks, posters)

- Peer reviewed publications
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Thermometry and

Personnel
MIKES

Dr. Martti Heinonen
M.Sc. Markku Rantanen
Dr. Kari Riski

Dr. Thua Weckstrém

Lic.Sc. Heikki Kajastie
M.Sc. Leena Stenlund
M.Sc. Sari Semenoja
M.Sc. Sampo Sillanpéda
Mr. Hannu Réasdanen
Mr. Tuomas Peréla

Mr. Jouko Kinnari

MIKES-Lahti Precision
B.Sc. Aimo Pusa

M.Sc. Michael Sachs

Mr. Mikko Méntyla

FGI

Prof. Markku Poutanen

Dr. Jaakko Mékinen
M.Sc. Hannu Ruotsalainen

M.Sc. Mirjam Bilker-Koivula
Dr. Heikki Virtanen

Mass

Group Manager

Head of Pressure Laboratory
Head of Mass Laboratory
Head of Thermometry
Laboratory

Research Scientist

Research Scientist

Research Scientist

Research Scientist
Assistant Research Scientist
Trainee

Trainee

Head of the Laboratory
Research Scientist
Supervisor

Head of Department of
Geodesy and Geodynamics,
Quality Manager

Chief Research Scientist,
Head of Laboratory

Senior Research Scientist,
Deputy Head of Laboratory
Senior Research Scientist
Specialist Research Scientist

The MIKES Thermal and Mass Quantities
carries out research and provides measure-
ment service in the field of mass and tem-
perature related metrology. The Group has
been organized in four national standards
laboratories. The laboratories realise units
for mass, temperature, pressure, small
mass and volume gas flow, density, dew-
point temperature and relative humidity.
Research activities are focused in measure-
ment standards and calibration methods.
The expert service for customers provided
by the Group covers training, co-operative
development projects and consultation.
The Group issued about 550 calibration
certificates for customers at accredited
laboratories, research institutes, industry
and MIKES during 2006.

MIKES has a contract with Lahti Precision
Oy nominating its Mass and Force Labo-
ratory to take care of needs of force and
torque metrology. On the basis of its own
legislation, the Finnish Geodetic Institute
(FGI) is the National Standards Laboratory
for the measurement of the acceleration
of the free fall.
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THERMOMETRY AND MASS
Highlights in 2006

Highlights in 2006

DETERMINATION OF THE
SURFACE CHARACTERISTICS
WITH STAINLESS STEEL PLATES

Coated and uncoated stainless steel
plates (surface area about 58 cm?)
were used to study surface phenom-
ena which occur on the surfaces of
weights. The surface polish and the
material of the plates were nearly
identical with that of a high quality
weight. Some plates were coated
with different materials. These ma-
terials were chosen because they
were supposed to be very hard, du-
rable and suitable for keeping the
surface clean. One plate was coated
with diamond coating and one with
nanocomposite coating. Two plates
were coated with TiO, which was
chosen for the property of natu-
ral self-cleaning (see Fig. T1). The
physical surface structure of TiO, is
dirt repellent and it also disperses
biological compounds when lighted
with UV lamp. Non-coated plates
were used as a reference. The re-
search was carried out in order to
gather information about the sur-
face phenomena and about the
possibility to increase the stability
of weights by coating.

Figure T1. TiO, coated stainless steel plate is being irradiated with ultraviolet
light. The ultraviolet light is supposed to dissolve biological compounds due to
catalysis on the surface with photo-electrochemical reaction.

In the first stage of the study, the
main focus was to monitor the
masses of the plates. The masses
of plates were found to change ac-
cording to the measures they had
gone through. The variation in mass
was found to be approximately 30
Mg with non-coated plates, which
is less than 1 ppm of the total mass
(about 45 g). For coated plates the
variation was somewhat larger, 35-
50 pg, probably due to cleaning
and more frequent handling of the

weights.

EUROMET MEETINGS ON Figure T2. Participants of the EUROMET TC-T meeting in the MIKES lobby.
THERMOMETRY AND

HYGROMETRY humidity meeting. There were 53

participants from 29 countries. One

MIKES hosted the meetings of the
EUROMET Technical Committee for
Thermometry (TC-T) and its sub-field
for humidity on 3 to 5 April 2006.
Martti Heinonen was chairing the

of the most important topics was
to finalize the roadmaps describing
the outlines of European research
on temperature and humidity me-
trology in the next 15 years.

MIKES METROLOGY ANNUAL REPORT 2006
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THERMOMETRY AND MASS
Highlights in 2006

REPEATED ABSOLUTE GRAVITY
MEASUREMENTS IN THE
ANTARCTIC

During the Finnarp 2005 expedi-
tion, FGI performed absolute grav-
ity measurements with the FG5-221
at three Antarctic stations: Aboa
(Finland), Sanae IV (South Africa),
and Novolazarevskaya (Russia) [1]
(Fig. T3).

Essential support was received from
the South African National Antarc-
tic Program (Department of Envi-
ronmental Affairs and Tourism),
and from the Arctic and Antarctic
Research Institute (St. Petersburg).
Previously, FGI had measured at
Aboa in 1994, 2001, and 2004, at
Sanae IV in 2004 and at Novolaza-
revskaya in 2004. Gravity changes at
Aboa and Novolazarevskaya have
been small, while mass variation
in the surrounding glacier (Fig. T4)
caused a large change in gravity at
Sanae IV. The modelling of local gla-
cier effects on gravity is under way.

Research
projects

REALISATION OF THE
KILOGRAM (MIKES)

The purpose of the project is to de-
termine the mass of a levitating body
in terms of other quantities (length,
time, current, voltage) by using the
superconducting magnetic levita-
tion method. In the initial approach
the electrical energy of a supercon-
ducting coil is directly converted to
the mechanical energy of a levitat-
ing body. This can be done if there
are no significant energy losses. In
the first stage of the project energy
losses in superconductors were de-
termined with a cryogenic calorim-
eter operating at 4.2 K. Results ob-
tained with a cryogenic calorimeter
constructed earlier [2] show energy
losses larger than acceptable in the
direct energy conversion method.
Other approaches are currently un-
der consideration. The project has
been carried out in co-operation
with VNIIM (Russia) and VTT.

0/L¢

180

Figure T3. Absolute gravity stations in the Antarctic, status December 2006. Open
circles = repeatedly observed stations, red circles = stations observed by the FGI.

Figure T4. The north face of the mountain Vesleskarvet on which the South Afri-
can Antarctic station Sanae IV is situated rises steeply 150 m above the surround-
ing glacier. The mass of snow and firn below varies strongly from year to year
mainly depending on wind-driven accumulation and ablation, and dominates the
variation in gravity at this site.
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VACUUM WEIGHING (MIKES)

In this project, mass changes of
weights have been determined
when the weights are moved bet-
ween ambient pressure and vacu-
um. Also the density of air has been
determined by weighing density ar-
tefacts in air and in vacuum. The ef-
fect of different coatings (e.g. TiO,)
on stainless steel discs on the stabil-
ity of the mass was investigated at
ambient pressure. An atomic force
microscope (AFM) was used for
studying changes in surface struc-
ture after vacuum exposure [3]. The
coatings have been made in the
Chemistry Department of University
of Helsinki.

DEVELOPING A NEW
MEASUREMENT STANDARD FOR
A CRYOGENIC TEMPERATURE
RANGE (MIKES)

In 2003 MIKES began the project
"Metrological CBT — A Thermom-
eter Based on Coulomb Blockade”
together with the Low Tempera-
ture Laboratory (LTL) at the Helsinki
University of Technology. The prin-
ciple of CBT was invented in 1994
by professor Jukka Pekola in Fin-
land, and it is applied in commercial
thermometers covering the range
20 mK — 30 K. The operation of the
CBT is based on the current limiting
effect of the charging energy creat-
ed by individual electrons in a series
of tunnel junctions. MIKES and the
LTL have focused on investigating
the suitability of the CBT as a scale
defining instrument for the range
20 mK to 1 K.

For improving the
electron thermaliza-
tion at the lowest
temperatures a new
sensor lay-out was
designed in 2005 and
investigated theoreti-
cally (Fig. T5). In 2006,
manufacturing meth-
ods were studied to
achieve the required
properties in the test
sensors. Due to dif-
ficulties in the man-
ufacturing process
further development
in sensor design was
initiated. The project
will continue in 2007.

FILTER RADIOMETERS AS A
TOOL FOR QUALITY
ASSURANCE OF TEMPERATURE
MEASUREMENTS WITH LINEAR
PYROMETERS (MIKES)

Results obtained earlier in studies
with filter radiometers showed a
clear difference between the py-
rometer used for realising ITS-90
and the filter radiometers. The
agreement was good at the Ag
point (961.78 °C), but the differ-
ence increased with increasing
temperature. At the maximum, the
difference was as high as 4.7 °C at
1350 °C. The cause was tracked to
malfunctioning of the pyrometer,
which was then sent to be fully re-
built by the manufacturer. In a new
set of measurements with the new
improved pyrometer, the agree-
ment of the temperature results
was good, the mean difference be-
ing 0.47 K with standard deviation
of 0.59 K. The difference showed no
temperature dependence. The re-
sults will be published in Tempmeko
2007 conference.

PRELIMINARY STUDIES ON AP-
PLYING IR METHOD IN MEASUR-
ING SURFACE TEMPERATURE

OF A HEATED PAPER MILL ROLL
(MIKES)

In co-operation with Helsinki Uni-
versity of Technology Machine
Design, the infrared temperature
measurement technique was ap-
plied in measuring surface temper-
ature of a polished steel. The goal
was to estimate the applicability of
the method in measuring the sur-

Figure T5. A detail of a first new sensor. It shows a copper
layer unsatisfactorily attached to the silicon substrate.

THERMOMETRY AND MASS

Research Projects

face temperature of heated rolls in
paper mills. It was shown that the
method can be used in the applica-
tion but it is very sensitive to many
environmental parameters.

HEAT FLUX IN MEASUREMENTS
WITH A MINI-TPW CELL (MIKES)

Small triple point of water cells
(mini-TPW) are used in laborato-
ries to monitor the stability of PRTs.
Compared with a standard TPW
cell, heat flow in the thermometer
well usually disturbs the apparent
equilibrium temperature in a larg-
er extent in a mini-TPW cell due to
smaller dimensions. In this project,
the heat flow effects are studied
on the basis of experimental data.
Especially, the thermal conduction
along a thin thermometer probe
and self-heating of the probe are
thoroughly analysed. The project
will continue in 2007 and the re-
sults will be published in Tempmeko
2007 conference.

USE OF FPG-TYPE DIGITAL
PISTON MANOMETERS (MIKES)

MIKES is coordinating a EUROMET
project on FPG-type digital piston
manometers (EUROMET Project no.
803). The pressure laboratories of
BNM-LNE in France, CMI in Czech Re-
public, SP in Sweden and MIKES use
this novel type of pressure standard
for absolute and gauge pressures
in the range 1 Pa to 15 kPa. In this
project, information is exchanged
between the participating labora-
tories on characterisation of the in-
strument, estimation of uncertainty
and maintenance and stability.

DETERMINATION OF EFFECTIVE
AREA (MIKES)

MIKES is developing a method to
determine effective area of a piston-
cylinder assembly by dimensional
measurements. In the project, the
geometry of a large diameter pis-
ton-cylinder assembly is studied us-
ing e.g. coordinate measuring ma-
chine at MIKES. An analysis method
is developed for determining the
effective area from the dimensional
data. In 2005, a large diameter (50
mm) piston-cylinder assembly was
purchased. Measurements on the
assembly were done in 2006.

MIKES METROLOGY ANNUAL REPORT 2006 11



THERMOMETRY AND MASS

Research Projects

PTU-CALIBRATION SYSTEM
(MIKES)

Devices measuring pressure, tem-
perature and humidity simultane-
ously are known as PTU devices (see
Fig. T6). Typical applications for this
kind of devices are e.g. weather
observation systems and wrist com-
puters. MIKES is developing a cali-
bration system for these devices as
there are hardly any commercial
systems capable operating in tem-
peratures below 0 °C.

The nominal operating ranges of
the MIKES system will be 500 hPa
to 1200 hPa in absolute pressure,
-50 °C to +80 °C in temperature and
10 % to 95 % in relative humidity.
All combinations over the pressure,
temperature and humidity ranges
will be possible. The inner diam-
eter of the measurement chamber
will be 150 mm. The system is under
construction. Tests will be carried
out in 2007.

METHODS TO INVESTIGATE
A DEW-POINT TEMPERATURE
STANDARD IN AN EXTENDED
RANGE (MIKES)

An internal method was developed
to validate the uncertainty analysis
carried out for one of our primary
dew-point generators in the rang-
es -80 °C to -55 °C and +75 °C to
+84 °C. Two-pressure and flow-mix-
ing comparison methods were com-
bined with a linearity analysis for
chilled mirror hygrometers. Results
obtained by applying the method
show the validity of uncertainties of
0.2 °C in the low range and 0.06 °C
in the high range. The results were
reported in the ISHM 2006 confer-
ence [4].

A PORTABLE HUMIDITY
CALIBRATOR (MIKES)

A portable humidity calibrator was
developed applying the single pres-
sure generator principle (see Fig.
T7). A saturator was designed to be
used in a dry-block temperature cal-
ibrator. Measurement chambers of
two kinds were under study. One of
them has shown to be handy when
calibrating wall mounted hygrom-
eter probes. Measurement results
show that the system is fast in use

Figure T6. Drawing of the measurement chamber of the PTU calibration system.

and very stable. Further develop-
ment and tests are needed before
covering the whole range 10 %rh
to 95 %rh (+10 °C to +75 °C). The
results were reported in the ISHM
2006 conference [5].

THE EFFECT OF BACK-
DIFFUSING WATER VAPOUR IN
LEAKS ON DEW-POINT
TEMPERATURE MEASUREMENTS
(MIKES)

When measuring low dew-point
temperatures a leak from the sam-
pling tubing to ambient may cause
a significant error due to back-dif-
fusion of water vapour. In the work
(see Fig. T8), the significance was
studied experimentally and theo-
retically. The effects of leaking VCR®
and Swagelok® connectors are stud-
ied experimentally and analysed by
comparing the results to the out-
comes of investigations with leak
holes. Theoretical calculations with
a simplified combined convection-
diffusion model are used for evalu-
ating the results. Results obtained so
far indicate that the minimum leak
flow rate required to prevent any
water vapour from back-diffusing
into the tubing can be successfully
predicted. The project is carried out
in co-operation with University of
Tartu and it will continue in 2007.
Results of the project will be report-
ed in TEMPMEKO 2007 conference.

Figure T7. Portable humidity calibrator
developed at MIKES.
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Figure T8. A detail of a measurement cell developed for studying the back-diffu-

sion effect.

TOWARDS CONTROLLED
FREEZING OF SUPERCOOLED
WATER (MIKES)

In the temperature range below
0 °C water can exist in both liquid
and solid state. The equilibrium wa-
ter vapour pressure is highly affect-
ed by the phase water. This is one
of the most significant error sources
when using chilled mirror hygro-
meters in humidity measurements.
In this project we studied methods
to initiate freezing of supercooled
water droplets on a metal surface.
Experiments with ultrasound were
not successful. High static electric
field (order of 10° V/m), however,
was shown to induce the freezing
[6]. The project was carried out in
co-operation with University of Hel-
sinki.

DEVELOPMENT OF NEW
DEW-POINT GENERATORS
(MIKES)

In co-operation with University of
Zagreb (EUROMET P912), two sin-
gle pressure dew-point generators
will be designed, constructed and
validated. The generators will cov-
er the range from -70 °C to +60 °C.
The generators will be used as the
national humidity standards of
Croatia. In 2006, saturators were
designed for the generators. The
project will continue in 2007.

EFFECT OF NATURAL
CONVECTION ON GRAVIMETRIC
FLOW STANDARD (MIKES)

A theoretical analysis for the effects
of shear stress rate on the gas cylin-
der surface caused by natural con-
vection flow was carried out. Based
on the theory, a computational
model for shear stress as a function
of temperature was developed and
validated against experimental re-
sults. It can be seen that increasing
temperature difference between
the cylinder wall and ambient air
can lead to significant measurement
errors and should be taken into ac-
count in uncertainty calculations.

LINKING THE TRACEABILITY OF
AIR VELOCITY MEASUREMENTS
TO MASS STANDARDS (MIKES)

A wind tunnel project was started
to develop a new traceability link
for air speed. The purpose of the
project is to link the air velocity to
mass flow rate using a mass transfer
method. During the year 2006, char-
acteristics of a blower and a design
of the wind tunnel channels, diffus-
ers and a settling chamber were car-
ried out.

THERMOMETRY AND MASS
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ABSOLUTE GRAVITY
MEASUREMENTS IN SOUTH
AFRICA (FGI)

After the Antarctic campaign, ab-
solute measurements were made in
the Republic of South Africa at Paarl
(previously measured in 1994, 2001
and 2004), in cooperation with Uni-
versity of Cape Town and the Chief
Directorate: Surveys and Mapping.
Paarl is a station of the South Afri-
can gravity reference network and
also serves as a control station for
Antarctic absolute-gravity work by
FGI and other institutions. In addi-
tion, measurements were made next
to the superconducting gravimeter
(SG) of the GeoForschungsZentrum
Potsdam (GFZ), at the South African
Astronomical Observatory in Suth-
erland. The site was previously oc-
cupied by FGI in 2001 and 2004. The
measurements give a calibration for
the SG, and the combination of the
SG record with absolute measure-
ments strengthens the control pro-
vided by Paarl.

GRAVITY EFFECTS OF THE
FENNOSCANDIAN POSTGLACIAL
REBOUND (FGI)

The Nordic Absolute Gravity Project
started in 2003. It aims at produc-
ing a time series of absolute gravity
measurements (1/year) at about 20
Nordic sites at least over the next 5
years [7]. The time series are com-
pared with estimates of regional
mantle inflow (due to the Fennos-
candian postglacial rebound PGR)
obtained from the ongoing mis-
sion of the GRACE gravity satel-
lite. As a by-product, a highly ac-
curate gravity reference network
with estimates of gravity change
rates will be produced. The abso-
lute measurements are performed
by the Institut fir Erdmessung (IfE,
University of Hanover), by the De-
partment of Mathematical Sciences
and Technology of the Norwegian
University of Life Sciences (UMB),
by the Federal Agency of Cartogra-
phy and Geodesy (BKG, Frankfurt),
and by the FGI, in cooperation with
the Danish Space Center, the Nor-
wegian Mapping Authority, and
Lantmateriet (Sweden). In 2006 FGlI
observed at 7 sites [8]. The project is
coordinated by the Working Group
for Geodynamics of the Nordic Geo-
detic Commission (NKG), as a part
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of the Nordic Geodetic Observation
System (NGOS) of the NKG [9]. The
absolute-gravity time series at some
of the stations started already in
1976 (with modern instrumentation
1988-1993). The observed ratio of
gravity change to elevation change
on them ([8], [10]) is close to the -2
nm s?/mm determined with relative
meters on the Fennoscandian land
uplift gravity lines [11] since 1966.

TEMPORAL VARIATION IN
GRAVITY (FGI)

The main tools in this work are the
superconducting gravimeter (SG)
GWR T020 in Metsahovi [12], and
the gravity satellite GRACE [13].
The SG gives a point measurement.
Though it samples the entire Earth,
it is heavily influenced by density
variations close to the sensor. The
T020 belongs to the Global Geody-
namics Project (GGP), where 20 SGs
are deployed worldwide. GRACE
routinely provides monthly solu-
tions of the global gravity field,
where the resolution for gravity
variation is 600-1000 km. Using tai-
lored regional processing of the
sensor data, GRACE is at present
capable of detecting mass variation
corresponding to a water layer of
1-2 cm over an area the size of Fin-
land.

The combination of SG and GRACE is
a challenging task in which the local
effects at the SG site must carefully
be accounted for. In Metsahovi the
project Modelling and Monitoring
Local Hydrological Effects in Gravity
was continued, in co-operation with
the Laboratory of Geoenvironmen-
tal Engineering (Helsinki University
of Technology TKK), the Finnish
Environment Institute (SYKE) and
the Geological Survey of Finland.
The gravity effect of groundwater
in bedrock fractures was modelled
[14]. Soil moisture sensors based on
Time Domain Reflectometry (TDR)
were installed by SYKE. The effect
of rainfall events on gravity was
studied using numerical deriva-
tives of the SG record. The SG de-
tects rainfall events (a momentary
increase in surface density) even
when the water quickly evaporates
instead of percolating, as is often
the case with isolated events in the
summer. The work has been partly
financed by the Academy of Finland

in the project “Nanogal”.

Supported by the local modelling,
the SG record and GRACE were
compared with each other and with
gravity change predicted from re-
gional ([15], [16]) and global ([15],
[16], [17]) models of terrestrial wa-
ter storage. Of especial interest
here is the highly accurate Water-
shed Simulation and Forecasting
System (WSFS) of SYKE for Finland.
The work is continued in coopera-
tion with TKK and SYKE in a new
project “Hydrograv” financed by
the Academy of Finland.

The modelling of the influence of
atmospheric masses and of Baltic
Sea level on gravity continued in
cooperation with the Finnish Mete-
orological Institute and the Finnish
Institute of Marine Research.

The accuracy of gravity measure-
ments in many cases already sur-
passes the accuracy of standard (i.e.,
easily-constructed) physical models
that describe the variation of grav-
ity with time. This has important
consequences [18] for gravity refer-
ence networks, which continue to
be widely used to determine the ac-
celeration of free fall for various ap-
plications. As height change implies
gravity change, there are obvious
benefits from integrating the moni-
toring of gravity with the monitor-
ing of position [9] [19].

REBUILDING OF THE 20 Nm
TORQUE STANDARD MACHINE
(LAHTI PRECISION)

The capacity of the air bearing has
increased up to 100 Nm. The con-
struction of the torque standard ma-
chine is now for this capacity. Only
the old gearbox has today capacity
of 50 Nm and will be renewed later
on. The preliminary intercompari-
son has shown a relative measure-
ment uncertainty of the level 5-10°.
The length of the beam has been
measured by MIKES in the coordi-
nate measurement machine with a
measurement uncertainty of 1 pm.
However the comparison has shown
difference about 15 pm in the
length and the reason for this dif-
ference will be investigated.

TORQUE CALIBRATION
PROCEDURES FOR DIFFERENT
TYPE OF DEVICES AND
PROCEDURES AND THE
CONFIRMATION OF THEM
(LAHTI PRECISION)

The usual way to calibrate a torque
transducer is a static calibration.
However, for high capacity trans-
ducer the costs for this kind of
torque standard machine are very
high. The high quality of reference
torque transducer gives possibil-
ity to calibrate torque transduc-
ers for practical purposes against a
reference transducer. In practice it
is very difficult to get stable load
for comparing the measurement
values from calibration object and
reference to each other. Therefore
a constant change in the load gives
better possibility to eliminate the
stability problem. In this case the
measurement is made dynamically
but relatively slowly. The dynam-
ic behaviour constitutes another
problem: the dynamic behaviour of
transducer, mainly the creep effect
(investigated in year 2005); the fil-
tering of the measurement signals
and the synchronous reading of the
results. The investigation has led to
changes in the measurement instru-
ments to obtain a better control of
the filtering. Also, a measurement
program software was developed
for synchronous reading and good
control of the readings of signal
[20, 21].
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INTERNATIONAL COMPARISONS
MIKES

EUROMET.M.M-K2: EUROMET key com-
parison of multiples and sub-multiples
of the kilogram.

Participants: most EUROMET members.
Measurement at MIKES in January and
February 2003. Draft B has been accept-
ed. The final report is still in progress.
The results of MIKES were in good
agreement with other participants.

EUROMET.M.M-K4: EUROMET key com-
parison of 1 kg standards in stainless
steel.

Participants: BE, CH, CZ, DE, DK, ES, Fl,
FR, GB, HU, IE, IS, IT, NL, NO, PT, SI, TR.
Draft B has been accepted. The final re-
port is still in progress. Results of MIKES
were in good agreement with other
participants.

EUROMET 509: Intercomparison of Pt-Ir
kilogram standards.

Participants: BE, CH, CZ, DE, DK, ES, Fl,
FR, GB, HU, IT, NO, PL, SE, SI, SK. Results
available. The results of MIKES were in
agreement with other laboratories.

EUROMET 832: Comparison of 50 kg
weights between MIKES, Metrosert,
LNMC, JV and EIM.

A link to CCM key comparison CCM.M-
K3 from PTB. MIKES was the pilot labo-
ratory. Draft B has been accepted. The
results of MIKES are in agreement with
other laboratories.

EUROMET 412: Intercomparison of local
realizations of the ITS-90 above the sil-
ver point.

Participants: PTB, CEM, BNM-LNE,
MIKES, NPL, OMH, IMGC, NMi, IPQ, SP,
SMU, UME and CSIR, measurements
completed, no report.

EUROMET 552: Key comparison EU-
ROMET T-K3, Comparison of the reali-
sations of the ITS-90 from 83.8058 K to
692.677 K, Final report. The MIKES re-
sults are well in line with the reference
values.

EUROMET 820: Comparison of realisa-
tions of the ITS-90 at the freezing points
of Al and Ag.

Participants PTB, BEV, FSB, Tekin, MIKES,
BNM/INM, EIM, OMH, IMGC, NMI/VSL,
JV, IPQ, INM, CEM, SP, SMU, MIRS, ME-

TAS, UME, NPL. The results will be pre-
sented at Tempmeko 2007.

EUROMET 844: Intercomparison of cop-
per fixed-point cells by using Pt/Pd ther-
mocouples.

Participants PTB, BEV, CEM, CMI, EIM,
GUM, INM, LMQ, LPM, MIKES, NMI,
NMS, SP, UME. The results will be pre-
sented at Tempmeko 2007. The MIKES
results differ from the mean by less than
50 mK, which is very good, as MIKES did
not have experience of PtPd thermo-
couples.

EUROMET 881: A comparison in the
gauge pressure range from 50 MPa to
500 MPa between MIKES, Metas of Swit-
zerland, NMi of the Netherlands and
CMI of the Czech Republic was started in
June 2005. Later PTB of Germany, SMD
of Belgium ans SP of Sweden joined in.
The project is coordinated by MIKES.
The measurements were completed in
2006 and the report will be published
in 2007. The preliminary results show a
good agreement of the results from all
the participants.

EUROMET 921: A trilateral comparison
between MIKES, Metrosert of Estonia
and FORCE Technology of Denmark
was arranged in 2006 in gauge pressure
range from -2000 Pa to +2000 Pa. The
project is coordinated by MIKES. The
transfer standard was not as stable as
expected, and the uncertainties of some
reference values were high. However, a
good agreement was found. The report
will come out in 2007.

CCT-K6: Key comparison of humidity
standards. MIKES carried out its meas-
urements of the comparison and re-
ported the results in 2004. The other
partners are in the order of the compar-
ison scheme: MIKES (FI), IMGC (IT), INTA
(ES), NIST (USA), SPRING (Singapore),
NRCCRM (China), VNIIM (RU). The meas-
urements are expected to be completed
in 2008.

EUROMET 621: Key comparison in hu-
midity (dew-point temperature). MIKES
is coordinating the key comparison
which has participants from 23 countries
(AT, CH, CZ, DE, DK, ES, FI, FR ,GB ,GR,
HR, HU, IE, IT, NL, NO, PL, PT, RU, SE, SI,
SK, TR, ZA). The comparison is realised
in three parallel loops piloted by MIKES,
NMi and METAS. MBW Calibration Ltd
has delivered the first of six chilled mir-
ror hygrometers that will be used as the
transfer standards. The measurements
are expected to be completed in 2007.

THERMOMETRY AND MASS
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EUROMET 715: Investigation on frost-
point temperature scales and compari-
son of standards: To study the perform-
ance of the low frost-point generators,
a comparison between IMGC (IT), CE-
TIAT (FR), VNIIM (RU) and MIKES was
initiated in 2002. IMGC provided the
transfer standard hygrometer and is the
pilot laboratory. Due to problems with
the hygrometer, all laboratories will re-
peat their measurements. The measure-
ments were re-started in summer 2006.
The hygrometer arrived at MIKES in De-
cember 2006.

EUROMET 717: Comparison in dew-
point temperature (high range): A dew-
point comparison in the range +20 °C to
+80 °C has been agreed by 16 labora-
tories from the following countries: AT,
CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT, NL,
PL, SI, SK, TR. The project is coordinated
and piloted by PTB. The actual measure-
ments have not been started yet.

EUROMET 906: In this project a bilateral
comparison between UME (Turkey) and
MIKES in Finland was carried out in 2006
using two chilled mirror hygrometers as
the transfer standards. The mean differ-
ence between the laboratories is within
+0.15 °C in the whole dew-point tem-
perature range -20 °C to +60 °C . The
estimated expanded uncertainty (k=2)
of the difference is 0.20 °C at 20 °C and
40 °C, and 0.30 °C elsewhere. The results
will be reported in TEMPMEKO 2007
conference.

EUROMET P806: Intercomparison of low
pressure gas flow facilities using a mol-
box1/molbloc transfer package: Part-
ners are in the order of the comparison
scheme: NEL (UK), EIM (GR), NMi (NL),
CMI (CZ), INRiM (IT), MIKES (FI), METAS
(CH), PTB (DE), LNE (FR), FI (DE) and
UMI (TR). Primary small gas flow facili-
ties are compared to each other using
a transfer standard based on laminar
flow elements. The comparison cov-
ers flow rates from 100 ml/min to 25
I/min, in six measurement points (100
ml/min, 500 ml/min, 1.0 I/min, 4.0 |/min,
15.0 I/min and 25.0 I/min) and was split-
ted into two circulation rounds. In the
first round, nitrogen was used as a test
gas and synthetic air in the second one.
At MIKES measurements were done in
2006. After some changes in the com-
parison schedule, the second circulation
round is estimated to start at the end of
the year 2007.
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Lahti Precision

Force and torque comparison between
Lahti Precision and PTB. The results of
this bilateral comparison are under
evaluation.

Torque Comparison between Lahti Pre-
cision, SP (Sweden) and Luna (Sweden).
The report is ready and the participants
are using the results to confirm the
measurement capability.

FGI

ICAG-2005: The results of the Seventh
International Comparison of Absolute
Gravimeters held at the BIPM in 2005
were presented at the IGFS2006 confer-
ence in Istanbul in August. The report
is in preparation. Some sites were occu-
pied by only few gravimeters and this
makes the construction of the refer-
ence value somewhat problematic. The
results of the FGI (gravimeter FG5-221)
were in good agreement with the refer-
ence value shown.

International Comparisons of Absolute
Gravimeters in the Nordic Absolute
Gravity Project: A bilateral comparison
with the IfE (gravimeter FG5-220) was
conducted in August at Metsahovi. The
maximum difference with the FG5-221
of the FGI was 22 nm s2. A report of all
comparisons 2003-2006 is in prepara-
tion.

A joint report of the 4-partipant com-
parison (FGI, IfE, BKG, TsNIIGAiK Mos-
cow) in Metsahovi in July 2004 and of
the bilateral comparison (FGI, TsNII-
GAIK) in Zvenigorod in October 2005 is
in preparation.

NATIONAL INTERCOMPARISONS

Mass comparison: 610 g balance with
0.1 mg resolution. Six participants
from four accredited laboratories. Re-
port: Kari Riski, Leena Stenlund, Mass
Comparison: 610 g laboratory balance.
MIKES publication J3/2006, 15 p.

An intercomparison in the gauge pres-
sure range from -95 kPa to +100 kPa for
the Finnish pressure laboratories was ar-
ranged in 2005 - 2006. Five laboratories
participated. Report: M. Rantanen and
S. Semenoja, Intercomparison in Gauge
Pressure range from -95 kPa to 100 kPa,
MIKES Publication J1/2006, 15 p. + ap-
pendix.
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MIKES

Dr. Antti Lassila

Dr. Kaj Nyholm

Dr. Mikko Merimaa
Lis.Sc. Heikki Lehto
M.Sc. Veli-Pekka Esala
M.Sc. Bjérn Hemming
M.Sc. llkka Palosuo
M.Sc. Jarkko Unkuri
M.Sc. Virpi Korpelainen
M.Sc. Ville Ahtee

Mr. Raimo Myllari

Mr. llkka Raeluoto
Mr. Asko Rantanen
Mr. Jeremias Seppa

MIKES-TUT

Prof. Heikki Tikka
M.Sc. Tero Ristonen
B.Sc. Timo Antila
FGI

Prof. Markku Poutanen

Lic.Sc. Jorma Jokela
Dr. Mikko Takalo
M.Sc. Joel Ahola

M.Sc. Pasi Hékli
M.Sc. Paavo Rouhiainen

Group Manager

Senior Research Scientist
Senior Research Scientist
Senior Research Scientist
Senior Research Scientist
Senior Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Assistant
Research Assistant
Research Assistant

M.Sc. Student

Manager of the laboratory
Substitute of manager
Laboratory Technician

Head of Department of
Geodesy and Geodynamics,
Quality Manager

Specialist Research Scientist,
Head of Laboratory
Specialist Research Scientist,
Deputy Head of Laboratory
Senior Research Scientist
Senior Research Scientist
Senior Research Scientist

Length

According to the Finnish National Stand-
ards Laboratory scheme, realisation and
maintenance of the units of length and
development of length metrology are re-
sponsibilities of MIKES and the Finnish Ge-
odetic Institute (FGI).

The length group realises units for length,
flatness, straightness, roundness, cylindric-
ity, surface roughness, and angle, and car-
ries out research, development projects,
and training within its field. In addition,
MIKES has entrusted the Institute of Pro-
duction Engineering at Tampere Univer-
sity of Technology (TUT) to be the refer-
ence laboratory for co-ordinate measuring
machine (CMM) metrology. This contract
was closed after several fruitful years at
the end of 2006 due to the fact that MIKES
had started own activity at CMM metrol-
ogy and therefore took the responsibility
as national metrology laboratory also at
this area of length metrology.

The operation of the Finnish Geodetic In-
stitute (FGI) is based on its own legislation.
FGI operates as a National Standards Labo-
ratory for geodetic length measurements.
Measurement standards of FGI in geodet-
ic measurements include quartz meters,
Vaisala interferometer geodetic baselines,
precision tacheometers and other high
precision electronic distance measure-
ment instruments, laser interferometers,
and comparators for levelling rods. FGI
maintains traceability for geodetic meas-
urements and performs high precision
measurements and calibrations for various
geodetic applications.

The MIKES length group, MIKES-TUT, and
FGI, made altogether 496 calibration cer-
tificates for over 200 different customers
in accredited laboratories, research insti-
tutes, and industry during 2006. The total
number of calibrated measurement stand-
ards and devices was over 2000.
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OPERATION AT NEW MIKES

During year 2006 the new MIKES
building was put into full opera-
tion at Otaniemi. New operational
environment has catalysed existing
partnerships [22] and promoted
new ones.

SINGLE-FREQUENCY
SYNTHESIS AT
TELECOMMUNICATION
WAVELENGTHS (MIKES)

A project funded by the Academy
of Finland was started in 2006. In
this three-year project a synthesiser
capable of generating a single user-
specified frequency within the 192-
196 THz bandwidth of an erbium-
dopedfibre amplifier fromanatomic
time base is developed. The device
will augment the MIKES full-octave
optical frequency comb generator
(see Fig. L1), which is presently used
for absolute frequency calibrations
of laser frequency standards. Unlike
conventional frequency comb gen-
erators that produce a multitude of
frequency components, the device
under construction will provide a
single selectable frequency, directly
suitable for e.g. high precision com-
ponent characterisation and spec-
troscopy.

Advanced frequency measurement
technologies are required for the
development of modern optical
networks, as their characteristic
features are high component count,
high spectral efficiency, narrow tol-
erances, and need for interoper-
ability. Examples of today’s optical
network components, whose char-
acterisation requires high frequen-
cy accuracy, are lasers, fibre grat-
ings, and dense wavelength division
multiplexers. Numerous parameters
could be of interest. For instance,
for lasers wavelength stability and
accuracy, spectral purity, ageing
properties, frequency chirp etc. are
all important parameters. In future,
the development and characterisa-
tion of increasingly sophisticated
optical components and technolo-
gies will demand improved fre-
guency measurement capabilities.

Figure L1. Ville Ahtee adjusts the frequency comb generator. (Photo: M. Meri-

maa)

A phase-coherent link between an
external-cavity diode-laser (ECDL),
which provides continuously tune-
able output within the frequency
band of interest, and the MIKES
full-octave optical frequency comb
limited to frequencies outside of
this band, was constructed and test-
ed in 2006. The link includes, e.g., a
system for frequency doubling the
output of the ECDL laser, and a dig-

ital phase-locked loop (PLL) circuit.
Moreover, development of a pro-
gram to control the various compo-
nents of the synthesiser, including
the PLL circuits and the frequency
comb generator, was started. The
software uses measured informa-
tion and known properties of the
system to set the system parameters
such that the output is at the en-
tered frequency.
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APMP EDM COMPARISON (FGI)

The FGI participated in the Asia-Pa-
cific Metrology Programme (APMP)
Comparison for pilot study on cali-
bration of EDM. The comparison
was arranged by the Korea Research
Institute of Standards and Science
(KRISS) at a 280-m 7-pillar Heer-
brugg-type baseline in Daejeon (Fig.
L2). The purpose of the comparison
was to determine the lengths at the
baseline with the best possible ac-
curacy from different traceability
chains and to study the field pro-
cedures for testing high precision
surveying instruments according to
the ISO 17123-4 standard. The FGI
and ITRI, Taiwan, participated with
Kern ME5000 precise distancers and
the KRISS and AIST, Japan, with Lei-
ca precision tacheometers. The FGI
transferred the traceable scale from
the Nummela Standard Baseline
of the FGI with the Kern ME5000
of the Department of Surveying
of Helsinki University of Technol-
ogy. The scale of the instrument
was also checked in KRISS in a brief
comparison with laser interferom-
eters at a baseline indoors and with
a rubidium frequency standard. As
a second part of the comparison the
Japanese team also tested a new
apparatus utilising femtosecond
frequency comb technology.

TRACEABILITY FOR PAPER
GRAMMAGE MEASUREMENTS
(MIKES)

JMK Instruments is an innovative
Finnish company that offers meas-
urement and calibration services
for the pulp and paper industry.
One measurement service is related
to grammage, the weight of one
square meter of paper. Grammage
is perhaps the most significant prop-
erty of paper usually noted as g/m?.
It is quite easy to measure gram-
mage but it is harder to make an ac-
curate measurement, and it is a real
challenge to make a measurement
traceable to Sl-units, both quickly
and at high precision, at factory
floor. Therefore, JMK Instruments
asked MIKES for help to develop a
new method for the calibration of
grammage reference standards (see
Fig. L3). The reference standards are
round pieces of paper with differ-
ent grammage.

LENGTH
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Figure L2. Jorma Jokela at the APMP EDM comparison in Daejeon, Korea.

Figure L3. Grammage measurement based on beta radiation is calibrated using
traceable reference standards at JMK Instruments.

MIKES studied the possibility to use
a flatbed scanner for the measure-
ment of the area of a reference
standard, and in co-operation with
JMK Instruments one scanner was
selected for further studies. The
metrological properties of the scan-
ner were studied. Error compensa-
tion and measurement strategies for
sample area characterisation were
developed. Also weighting studies
were done to grammage standards
under different conditions. In addi-

tion, overall uncertainty study was
performed for the method. The
benefit for JMK Instruments and its
customers was an improvement of
the traceability and accuracy of on-
line quality measurements used in
the paper industry.
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CHARACTERISATION OF PIEZO
PROPERTIES (MIKES)

Piezoelectric materials are attractive
candidates for acoustic actuators for
various applications. However, they
have some non-ideal properties,
such as hysteresis and relaxation,
which degrade their value. Lack of
scientific knowledge prevents in-
dustry to develop better piezoelec-
tric devices.

In this research MIKES studied prop-
erties of commercial grade piezo-
electric sheets by an atomic force
microscope (AFM). The research
was done for Nokia Research Cen-
tre (NRC). It was a part of a co-op-
erational piezo hysteresis modelling
project with NRC and TKK/Labora-
tory of Physics.

In Fig. L4 are presented some of the
results. In this case topography of
the piezo sheet was measured be-
fore and after applied DC voltage.
Fig. L4 shows changes in the sheet
topography i.e. domain structure
due to the applied voltage and re-
laxation. The voltage (150 V) was
turned on and off between the
measurements, but there was no
voltage during the measurement.
Some new swell structures were
seen to appear and disappear. The
heights of the swells were ~20...300
nm. Relaxation time for a swell was
also measured. The swell was seen
to disappear quite suddenly after
~150 min. However, time scales in
the AFM measurements are seconds
or minutes, thus any fast changes
cannot be seen. More results will be
presented in Nanotech in Northern
Europe 2007 conference [23].

SEMINAR ON DIMENSIONAL
MEASUREMENTS AT WORK-
SHOP (TUT, MIKES)

Annual seminar on “Dimensional
measurements at workshop” was
arrange this by TUT at Tyrvanto 8.-
9.6.2006. The seminar is organised
in turns by MIKES, the Institute of
Production Engineering at Tampere
University and some other parties
of metrology section of Excellence
Finland (SLY). Approximately 60
persons from industry and research
institutes were particpating (see
Fig. L5).

Figure L4. Changes in piezo sheet topography due to applied voltage and re-
laxation. Upper images are topographies and lower images are gradients of the
topographies.

Figure L5. Heikki Lehto (MIKES) is giving lecture about measurement uncertainty
at “Dimensional measurements at workshop” seminar.
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MEASUREMENT ELECTRONICS
FOR A GAS SENSOR (MIKES)

Gasmet Technologies Oy is among
the world leading manufacturers
and developers of Fourier Trans-
form Infrared (FTIR) gas analysers.
Primary market for the gas analys-
ers is in environmental monitoring
and process control. Measurement
of oxygen in e.g. process control
is often desirable or mandated by
regulation. For instance, accurate
oxygen measurement allows better
control of combustion processes,
thus improving efficiency and re-
ducing emissions.

Figure L6. Matti Sillantaka is measur-
ing the operation of the gas sensor
electronics. (Photo: H. Koivula)

As the FTIR-based gas analysers op-
erate in the mid-infrared region,
where measurement of oxygenisnot
possible, Gasmet Technologies has
developed a diode-laser-based sen-
sor for oxygen concentration meas-
urement. Product development was
done in collaboration with MIKES,
whose role in the project was to
design and test measurement elec-
tronics for the sensor. MIKES has
a long experience in using diode
lasers for spectroscopy and has ac-
cumulated considerable knowledge
and skills in making electronics for
measurement instrumentation (see
Fig. L6). This expertise and the flex-
ible organisation of MIKES, where a
team of experts is formed to cover
the needs of each customer project,
allowed the work to be completed
at the speed and cost-efficiency
that is required in an industrial R&D
project. The measurement method
developed in the project can be
used for other gases as well, and
the collaboration between Gasmet
Technologies and MIKES in refining
the technology continues.
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Figure L7. Virpi Korpelainen is aligning the interferometrically
traceable metrology AFM developed at MIKES. (Photo: M.

Merimaa)

NANOMETROLOGY (MIKES)

Traceable length scale is needed
also in nanometre scale measure-
ments and after few years of R&D
work MIKES is capable to offer cali-
bration services for AFM transfer
standards. 1D and 2D grids and step
height standards can now be cali-
brated by a commercial AFM, which
is traceably calibrated [24, 25, 26].
The calibration included calibrations
of scales of x-, y- and z-axes by laser
interferometer or by grid standard
calibrated by laser diffraction. Or-
thogonality of all axes was meas-
ured by calibration grids and error
separation method. Out-of-plane
movement of z-axis was measured
by flatness standard. The developed
calibration method was reported
[25] and used as a reference in
guideline for the dimensional cali-
bration and characterisation of SPM
systems (VDI/VDE 2656 Part 1). The

calibrated AFM is used also for vari-
ous scientific studies [3].

MIKES is also developing an inter-
ferometrically traceable metrol-
ogy AFM (IT-MAFM) (see Fig. L7).
In 2006 that project developed in
a fast pace. Mechanical set-up for
integration of AFM head, piezo
stages, interferometers, optical mi-
croscope and stepper motors is al-
most completed. Electronics for the
AFM head and stepper motors have
been designed and produced. Soft-
ware for the control and synchroni-
sation of all the parts of the device
is developed. The software includes
interferometric feedback to the xy
piezo stage as well as self calibra-
tion of non-linearities of both laser
interferometers and capasitive sen-
sors of the piezo stages. Feedback
from the AFM head to the z-piezo
and automatic approach will be
added to the software in year 2007.
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TRACEABILITY OF ANGLE
MEASUREMENTS (MIKES)

The aim of this project is to develop
our accuracy and routine for cali-
bration of polygons, angle gauge
blocks, angle optics of laser-inter-
ferometer, autocollimators, the-
odolites, and several other angle
measuring instruments. During the
year 2006, we have calibrated angle
measurement equipment and im-
proved system fixing the collimator
duringcalibration oftheodolites. We
have also taken in use and improved
measuring machine for straightness
and squareness developed during
2005 (see Fig. L8). Its uncertainty is
0,2 pm (k=1) for straightness and
0,2" (k=1) for squareness. The ca-
pacity of the machine is 1200 x 150
mm for straightness (flatness) and
1000 x 800 x 150 mm for squareness.

PRACTICAL REALISATION OF
THE METRE (MIKES)

The optical frequency comb gen-
erator at MIKES was constructed to
enable absolute optical frequency
measurements and hence tracea-
ble calibrations of iodine-stabilised
lasers (primary wavelength stand-
ards). The frequency comb improves
the practical realisation of the metre
in Finland by allowing a direct link
to the Sl-second (see Fig. L9), more
accurate frequency determinations,
a wider calibration spectrum (500
nm ... 1200 nm), and more frequent
calibrations due to the ease of op-
eration. The metre is realised by
calculating the vacuum wavelength
of an iodine-stabilised laser from its
absolute frequency measured with
the comb and from the value for the
speed of light in vacuum. The reali-
sation is transferred to lasers used
in interferometers by calibrating
their frequency with an iodine-sta-
bilised laser. Altogether six iodine-
stabilised lasers at wavelengths 532
nm/1064 nm, 543.5 nm, and 633 nm
are maintained at MIKES. The abso-
lute frequencies of these lasers are
regularly determined [27, 28, 29].

In 2006, we expanded the comb’s
measurement capability to include
low-power He-Ne lasers at 543.5
nm, whose absolute frequencies had
earlier to be measured at BIPM [30].
Moreover, we studied in detail the
transfer of modulation in injection
locking [31], as we optically amplify

Figure L8. Asko Rantanen is adjusting squareness measuring instrument.
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the output power of frequency-
dithered low-power lasers by injec-
tion locking to the level required in
comb measurements. From the be-
ginning of 2007, MIKES is one of the
host sites for the international key
comparison of primary wavelength
standards.

CHARACTERISATION OF AN
ACOUSTIC WAVELENGTH
COMPENSATOR IN
CO-OPERATION WITH ACWACO
(MIKES)

In the research, equations for calcu-
lation of effective air temperature
and refractive index of air from
group velocity of ultrasound (f = 200
kHz), air pressure, and humidity
were developed based on experi-

mental data. These equations are
needed in the acoustic wavelength
compensator [32] of AcWaCo Ltd,
which is developed within the Fin-
Nano Nanotechnology Programme
of TEKES.

First, the time of flight of ultra-
sound was measured in different
environmental conditions (ambient
temperature, barometric pressure
and relative humidity) in order to
get input data for the equations.
A double-pass plane-mirror laser
interferometer recorded the dis-
tance that the ultrasound travelled.
The time of flight of ultrasound was
measured by using three acoustic
piezo transducers: one transmitting
a short ultrasound burst in a narrow
angle and two receiving the signal
reflected from the interferometer
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mirror. The transducers were po-
sitioned symmetrically around the
laser beams to minimise the Abbé
error.

The speed of ultrasound was calcu-
lated from the measured time of
flight and the length of the acous-
tic path. Equations for the effective
temperature and for the refractive
index of air as functions of speed of
sound, humidity (mole fraction of
water), pressure, and CO, mole frac-
tion were fitted to the measured
data using least-squares method.

CORRECTION OF CMM
MEASUREMENTS BY
CALIBRATION DATA (MIKES,
TUT)

In this co-operational project of
MIKES and TUT, two different meth-
ods for mapping and correcting
the errors of CMM are studied. In
the first method the 21 systematic
geometrical error components are
determined by traditional separate
measurements. The second method
uses error separation technique with
ball plate aligned and measured in
different orientations by CMM (see
Fig. L10). The results from both error
modelling techniques are compared
and the reasons for differences are
resolved. Then kinematical error
chain is created for error compensa-
tion and methods for online correc-
tion of the CMM readings are devel-
oped. Best measurement practises
and uncertainty evaluation are also
studied during the project.

During the first year the traditional
and ball plate measurement were
done and analysed for SIP CMM of
TUT and LEGEX CMM of MIKES.

NUMMELA STANDARD BASE-
LINE (FGI)

The Nummela Standard Baseline
was equipped again for calibration
after the measurements with the
Vaisala interference comparator in
autumn 2005. Comparing the results
from interference measurements
in 1996 and 2005, the differences
for three pillar intervals, 72 m, 216
m, and 432 m, were rather insig-
nificant, +0.11 mm, +0.00 mm, and
+0.13 mm, respectively. The differ-
ence for 24 m, -0.18 mm, was sig-
nificant, and obviously caused by

LENGTH

Research Projects

Figure L10. llkka Palosuo is performing error separation measurement with a ball

plate and CMM.

the construction works in autumn
2004. Reports on the new results
and about the activities in length
metrology were published in sev-
eral international meetings [33, 34,
35]. Instructions on how to main-
tain the quartz gauge system of the
Vaisdla comparator were improved.
The comparisons needed for this are
performed at the Tuorla Observato-
ry of University of Turku. New com-
parisons and interference measure-
ments up to 864 m are planned for
autumn 2007.

LEVELLING TECHNIQUES (FGI)

Precise levelling equipment is used
in measurements of height differ-
ences. Calibration on digital levels

and bar code and traditional lev-
elling rods is an essential part of
length metrology in the FGI. Since
this service is not widely available
in Europe, customers are mostly
from abroad, from Nordic and Bal-
tic countries. Presentations and ac-
tivity reports were given in connec-
tion with Nordic co-operation [36,
37, 38]. New measurement methods
were tested, such as digital levelling
technique applied in water crossing
[39, 40]. System calibration also in-
cludes studies of common thermal
behaviour of levels and rods. The
precise levelling test field at Met-
sahovi serves both in testing of in-
struments and in small-scale geody-
namical studies [41].
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LOCAL TIES AT GEODETIC
STATIONS (FGI)

Local ties at co-located global geo-
detic fundamental stations are an
important new application area of
geodetic metrology (see Fig. L11).
The Metsahovi research station of
the FGI is a multi-technique site of
all basic space geodetic techniques
hosting permanent geodetic VLBI,
SLR, GNSS and DORIS. Data are pro-
vided for respective IAG services.
Additionally, there exist a cryogenic
gravimeter in the GGP network and
a seismometer of the Seismological
Institute of the University of Hel-
sinki. There is also the main point
of the Finnish gravity network, and
Metsahovi is the only Northern Eu-
ropean site for intercomparison of
absolute gravimeters. Datum of the
new Finnish height system also re-
fers to the geopotential value of a
benchmark at Metsdahovi. An updat-
ed review of local ties determined
with precision tacheometry and GPS
measurements was completed [42],
and the work will continue on a
more regular basis.

Figure L11. The VLBI telescope at Met-
séhovi need to be tied and monitored
with 1-mm-level 3D-uncertainties in
complex local control networks.

CO-OPERATION WITH
POSIVA OY (FGI)

A 511-m calibration baseline was
established at the Olkiluoto nucle-
ar power plant in 2002 to research
the scaling problems of GPS obser-
vations. The EDM baseline is a part
of investigation area, where local
crustal deformations at the disposal
site of spent nuclear fuel have been
studied since 1996. The EDM base-
line has been measured simultane-
ously with a GPS network since 2002.
The observations have been carried
out semi-annually, except in 2006,
when only one measurement could
be made, because of construction
works. The length of the baseline
is traceable to the definition of the
metre through the Nummela Stand-
ard Baseline. The scale problem is
expected to be solved from the time
series of GPS observations and EDM
results [43]. Now the measurements
at Olkiluoto also include precise lev-
ellings.

HISTORY OF GEODETIC
METROLOGY (FGI)

Material for a historical documen-
tary about triangulation was filmed
at the Nummela Standard Baseline,
where calibration of invar wires was
performed for scale determination
(Fig. L12).

Figure L12. The FGI has made documentary films to preserve the heritage of old
measurement skills and methods. Here Professor (emeritus) Jussi Kdaridinen dem-
onstrates the use of invar wire at the Nummela Standard Baseline.
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Comparisons

INTERNATIONAL COMPARISONS

EUROMET.L-K6: 2D CMM artefacts
(TUT)

The calibration subject in EUROMET.L-
K6 was a ball plate. The measurements
at TUT were performed June 2004. The
first information of results were re-
ceived in 2006. The results of TUT were
very close the mean values calculated
from all participants. Uncertainty of
TUT seemed to cover very well the small
differences.

EUROMET 905: Comparison of the
squareness measurements (MIKES)
Participants are SMU and MIKES. Com-
parison measurements at MIKES were
done in September 2006. SMU has un-
til now reported only partly the results.
The reported results for the squareness
(Angle between "“envelope - LS regres-
sion” fitting lines) are 1,4" (MIKES) and
1,24" (SMU) the uncertainty for both
laboratories is 0,2” (k=1). The straight-
ness results are also very similar espe-
cially when we notice that the tip radius
at MIKES was 2 mm and at SMU 8 mm.

EUROMET.L-K5.2004: Calibration of a
step gauge (MIKES)

Pilot laboratory of the comparison is
Centro Espaiol de Metrologia (CEM)
and there are 20 participants in the
comparison. The measurement artefact
is a step gauge with steel frame and 11
tungsten carbide gauges. Nominal max-
imum length of the artefact is 420 mm.
Comparison measurements at MIKES
were done in November 2006. MIKES
results are reported to the pilot labora-
tory. Comparison measurements are not
yet analyzed.

CCL-Nano5: Key comparison of 2D grat-
ings (MIKES)

Pilot laboratory of the comparison is
DFM from Denmark. The other partici-
pants are METAS, PTB, BIPM, NPL, IMGC,
NMi, CMI, NIST, VNIIM, NIM, NRLM, CMS,
KRISS and MIKES. The pitches of the
measured gratings were ~300 nm and
~1000 nm. Orthogonality of the grat-
ings was also measured. The compari-
son measurements at MIKES were done
at December 2005 and March 2006. Re-
port is still in preparation, but prelimi-
nary results for MIKES were good.

APMP.L-K6: 2D CMM artefacts (MIKES)
Pilot laboratory of the comparison is
NMIJ from Japan (National Metrology
Institute of Japan). There are 14 par-
ticipants all over the world in the com-
parison. The measurement artefacts are
two-dimensional (2-D) artefacts (Ball
Plate & Hole Plate). The first one is a
620-mm steel ball plate, with 5x5 ce-
ramic 22 mm in diameter balls and 133
mm pitch between the ball centres. The
other is a 600-mm hole plate made of
a low thermal expansion glass, with 44
holes, 20 mm in diameter, and 50 mm
pitch between hole centres. The aim of
the comparison is to calibrate Calibra-
tion of Coordinate Measuring Machine
(CMM). The comparison started May
2006 an it ends October 2007. Compari-
son measurements at MIKES are sched-
uled May 2007.

NATIONAL COMPARISON FOR
ACCREDITED CALIBRATION
LABORATORIES AND INDUSTRY

Comparison on calibration of length
measuring machines (MIKES)

In October 2006 MIKES length group
organised comparison for four labora-
tories. The object was a length measur-
ing machine borrowed by Grénblom Oy.
Preliminary results show good agree-
ment between results but the report-
ed uncertainty values were partly too
small or large. The report is still under
processing.

Calibration of gauge blocks (MIKES)
The interlaboratory comparison D8 for
length was arranged between April
2005 and August 2005. MIKES oper-
ated as reference laboratory of the
comparison. Participants were five ac-
credited laboratories and one non-ac-
credited laboratory. The measurands of
the comparison were central length at
five gauge blocks. The differences of re-
sults of blocks to reference values were
within the uncertainty estimates and all
of the results were acceptable accord-
ing to E_ criteria [115].

LENGTH

Comparisons
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Electricity, Time and
Acoustics

Personnel
MIKES

Dr. Antti Manninen
Prof. Kalevi Kallioméki

M.Sc. Tapio Mansten

Dr. Jaani Nissilad

Dr. Alexandre Satrapinski
M. Sc. Jussi Hdmaélédinen
M.Sc. llkka lisakka

M.Sc. Pekka Immonen
M.Sc. Antti Kemppinen
M.Sc. Kari Ojasalo

B.Sc. Risto Rajala

Dr. Nikolai Tisnek

B.Sc. Anssi Rautiainen

Mr. Heikki Koivula
Mr. Ilari Suorsa

Mr. Jussi Kaasalainen
Mr. Ville Maisi

MIKES-TKK
Dr. Jari Héllstrom

Lic.Sc Esa-Pekka Suomalainen
Lic.Sc Marja-Leena Pykéla
Lic.Sc Jukka Piiroinen

M.Sc. Juri Chekurov

Mr. Olli Kara

Mr. Matti Léytty

Group Manager

Head of Time and
Frequency Laboratory
Senior Research Scientist
Senior Research Scientist
Senior Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Scientist

(until 30 June)

Research Engineer
(Permanent position: VTT)
M.Sc. Student

M.Sc. Student

Trainee

Trainee

Senior Research Scientist,
Group Manager

Senior Research Scientist
Quality Manager
Research Scientist
Research Scientist

M.Sc. Student

M.Sc. Student

The Electricity Group of MIKES includes the
National Standards Laboratories of elec-
trical quantities (DC voltage, DC current,
AC voltage, AC current, resistance, ca-
pacitance, electric power, high frequency
quantities), time and frequency, and acous-
tics (sound pressure). The group is staffed
permanently by 10 metrologists and tem-
porarily by several students. Metrology of
high voltage quantities is in the responsi-
bility of Helsinki University of Technology
(TKK), Department of Electrical and Com-
munications Engineering, Power Systems
and High Voltage Engineering (MIKES-
TKK). MIKES-TKK has national standards
of DC and AC voltage and current, ca-
pacitance and inductance at high voltages
(> 1 kV) and currents (>1 kA), and of im-
pulse voltage, impulse current, apparent
charge, and ESD discharge.

National Standards Laboratories are re-
sponsible for realisation and maintenance
of the units, and they perform active re-
search and development in metrology.
The units are disseminated by calibrating
standards and devices for accredited cali-
bration laboratories and other custom-
ers who need traceable calibrations at
the highest level of accuracy. In 2006, the
number of calibration certificates was 60
at the Electricity Group of MIKES and 37
at MIKES-TKK. Several calibrations were
performed to customers abroad: MIKES to
Estonia and MIKES-TKK to South Korea
and the Netherlands.
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Highlights in 2006

EXTENSION OF THE SCOPE OF
THE NSL OF ELECTRICITY TO RF
AND MICROWAVE QUANTITIES
(MIKES)

In summer 2006, development of
RF and microwave calibrations at
MIKES reached an important step:
high frequency electrical metrology
was included in the scope of the
MIKES National Standards Labora-
tory of electricity. The decision was
preceded by about 5 years of de-
velopment work, partly in collabo-
ration with Dr Jan de Vreede from
NMi-VSL (the Netherlands), partici-
pation in two international compar-
isons (CCEM.RF-K19.CL and EUROM-
ET.EM.RF-K8.1.CL), and a technical
evaluation by Dr Klas Yhland from
SP (Sweden) in spring 2006. The first
CMCs of MIKES in the field of radio
frequency measurements were sub-
mitted to inter-EUROMET review in
December 2006. They include pow-
er, calibration factor, reflection co-
efficient and attenuation in coaxials
at frequencies up to 18 GHz. Devel-
opment towards higher frequencies
is in progress.

RESEARCH AND DEVELOPMENT
FOR INDUSTRY (MIKES)

Co-operation of MIKES with Finnish
industry is continuously expanding
from traditional calibration work
towards new forms. In 2006, the vol-
ume of research and development
projects between the Electricity
Group and industrial collaborators
was larger than ever, partly thanks
to the TUPAS programme of Tekes
(Finnish Funding Agency for Tech-
nology and Innovation). One exam-
ple of such projects was investiga-
tion of noise properties of current
and voltage obtained from silicon
solar cells for Endeas Oy. The results
will be exploited in development
of the next generation of Endeas’s
solar simulators, which are used in
characterisation of solar cells. As
another example, MIKES developed
measurement electronics for an
oxygen sensor, which will be used
in the gas analyser of Gasmet Tech-
nologies Oy.

Highlights in 2006

Figure E1. Klas Yhland from SP Sweden performing the technical
evaluation of RF and microwave calibrations at MIKES.

Figure E2. The Endeas team - Juha Karila (left), Antti Tolvanen and
Jaakko Hyvérinen - getting acquainted with the solar cell noise meas-
urements at MIKES and discussing the results and conclusions with

Jussi Himéldinen and Kari Ojasalo (right).

SEMINAR ON HIGH FREQUENCY
MEASUREMENTS AND THEIR
TRACEABILITY (MIKES)

In 2006, MIKES arranged its first
seminar in the field of RF and micro-
waves: Seminar on high frequency
measurements and their traceabil-
ity was held at MIKES on 15 Novem-
ber, 2006. Topics of the 7 speakers
included frequency and pulse cali-
brations, safety measurements of
electromagnetic fields, CISPR re-
quirements for EMC measurement
devices, antenna calibration and
characterisation, practical challeng-
es of high frequency measurements,
and presentation of MIKES activities

at RF and microwaves. The 50 par-
ticipants of the seminar were very
satisfied with the day.

COMMERCIAL PROTOTYPE OF
IMPULSE VOLTAGE CALIBRATOR
(MIKES-TKK)

MIKES-TKK signed a technology li-
censing agreement about licensing
the impulse voltage calibrator tech-
nology developed in Helsinki Uni-
versity of Technology with Highvolt
Pruftechnik Dresden GmbH. Com-
mercial impulse voltage calibrator
should be available on the market
in 2007.
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QUANTUM METROLOGY
TRIANGLE (MIKES)

A major challenge of fundamental
electrical metrology is the quantum
metrology triangle, i.e., testing with
relative accuracy of 107 or better
that the values of fundamental con-
stants e (elementary charge) and h
(Planck’s constant) have identical
values in three physical phenomena
which link electrical units with con-
stants of nature: Josephson effect,
quantum Hall effect, and single
charge pumping.

MIKES started the project in 2005.
In 2006, MIKES and the Low Tem-
perature Laboratory of Helsinki
University of Technology (TKK/LTL)
have continued development of the
“sluice” [44], [45], a new type of a
Cooper pair transport device which
was invented earlier by TKK/LTL and
VTT Technical Research Centre of
Finland. In 2006, syncronized charge
pumping could be demonstrated at
record-high current level of 1 nA,
albeit with accuracy which is still far
from the level required in metrolog-
ical applications [46]. Work towards
improving accuracy and suppressing
undesirable leak current has been
continued by investigating the ef-
fect of additional, magnetically con-
trolled tunnel junctions in the com-
ponent, and also by reconstructing
the wiring of the test cryostat in or-
der to decrease the effects of elec-
tromagnetic interference. MIKES
in collaboration with TKK has also
started developing stable cryogenic
high-value thin-film resistors, which
would be used as a transfer stan-
dard in the triangle experiment.

The volume of the quantum met-
rological triangle project increased
substantially in autumn 2006, when
MIKES, TKK/LTL and VTT obtained
a research grant from the Technol-
ogy Industries of Finland Centen-
nial Foundation for a three-year
collaboration. Other financiers of
the project are Academy of Finland,
and Vilho, Yrj6 and Kalle Vaisala
Foundation.

Figure E3. Ville Maisi experimenting with the new cryoprobe for AC voltage and
power quantum standards. The new probe exhibits a minimal liquid helium boil-

off rate of about 1 litre/day.

AC JOSEPHSON VOLTAGE
STANDARD (MIKES)

Development of AC voltage stand-
ard based on a programmable
Josephson array has been continued
in collaboration with VTT Technical
Research Centre of Finland. The 1-
V nonhysteretic arrays of VTT, with
externally shunted (es) SIS junc-
tions, are used. In our AC standard,
the Josephson array is driven by a
square wave current bias, and the
fundamental frequency component

of the square-wave voltage output
is compared with the sinusoidal
voltage of a stable AC source using
a lock-in amplifier.

Two problems have been addressed
in 2006: firstly, the voltage resolu-
tion of commercial AC-sources is
not sufficient for 0.1 ppm accuracy,
and secondly, the VTT array chips
have unfortunately aged rapidly
due to freezing of moisture on the
chips (despite conventional passi-
vation layer). A new floating sine-
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wave source with amplitude reso-
lution of 10 nV has been designed
and is under construction and test.
With this source we also get rid of
the uncontrollable noise problems
observed with calibrators. To pre-
vent freezing of moisture on the ar-
rays we have designed and set up a
new cryoprobe with which the ar-
ray surroundings is first evacuated
and then filled with helium heat
exchange gas. In the design we also
paid attention to the excess liquid
helium consumption due to the
probe. The outcome, a total boil-off
rate of 1 litre/day is very satistactory
in our opinion. MIKES has also par-
ticipated in investigations of prop-
erties and possible applications of
millimeter wave power generation
in Josephson junction arrays in col-
laboration with VTT [47].

MIKES is participating in a European
BJAPS (Binary Josephson array pow-
er standard) project, too. Our aim is
to provide a quantum power stan-
dard based on our AC-JVS scheme
and then take part in the final com-
parison of the different standards
at the end of the project in 2008
and 2009. Our idea is to measure
the voltages across a shunt and a
divider of a power standard directly
against adjusted square wave volt-
ages from Josephson arrays. For this
purpose we have chips in which two
binary arrays on a single chip obtain
the same microwave power but are
biased independently. These chips
were fabricated by VTT in 2005.

IMPEDANCE METROLOGY
DEVELOPMENT (MIKES)

Measurement equipment for reali-
zation of the link between the QHR
and the farad has been improved.
Four terminal pair 10:1 ac resistance
bridge was built in May 2006 and
the study of frequency dependence
of acdc resistors with the ratios 10:1
and 1:1 was started. Preliminary re-
sults of the measurements of 10 kQ
/ 1 kQ bifilar type resistors showed
that the ratio is increased by about
0.2ppmin1kHz-2kHzrange. These
changes are probably due to uncor-
rected frequency dependence of the
1:10 ratio of the main transformer.
Temperature enclosures for 10 kQ /
1 kQ acdc resistors were modified
and the maintained temperature
was increased to 27 °C. Sources of
systematic uncertainties in four ter-

ELECTRICITY, TIME AND ACOUSTICS

minal pair ac resistance bridge have
been studied. Behaviour of the 1
kQ and 10 kQ acdc resistors of dif-
ferent types has been investigated
in collaboration with LNE (France).
Results of a bilateral MIKES-SP com-
parison of 1 nF, 10 nF, 100 nF and
1 YF capacitance standards, which
was organized in the end of 2005,
were analyzed and published in the
CPEM 2006 conference [48]. Results
showed good agreement within
combined expanded uncertainties
at each capacitance level.

DEVELOPMENT OF HIGH
FREQUENCY MEASUREMENTS
(MIKES)

The most important achievement of
the project was that high frequency
electrical metrology was included
in the scope of the MIKES National
Standards Laboratory of electricity
in summer 2006 (see highlights).
The first customer calibrations were
made soon after that. The first VNA
measurements to 26.5 GHz air lines
and power splitter have been made.
An extensive measurement series
has been performed for broadband
18 GHz thermocouple power sen-
sor, but unfortunately the meas-
urements indicated that the sensor
was defective. Temperature control
of the RF laboratory was finalised
in September. Modifications were
made to the air ducts to reduce noise
and to remove excess heat from the
laboratory. Temperature stability of
thermistor mounts during calibra-
tion was improved with a special
measurement chamber. Much of the
work of the project has been done
by Mr Heikki Koivula as a part of his
Master’s Thesis “"Measurement sys-
tem for microwave power sensors”,
which was accepted by the Helsinki
University of Technology in March
2007.

DEVELOPMENT OF
CALIBRATION SERVICE FOR
LOW CURRENTS (MIKES)

MIKES continued development of
calibration facilities of very low cur-
rents by Mr llari Suorsa’s Master's
Thesis, which was finalised in De-
cember 2006 [49]. An accurate gen-
erator was developed for very low
currents, 10 pA or below. The meth-
od is based on charging an air ca-
pacitor with a linear voltage ramp,

Research Projects

which corresponds to a constant
charging current / = C dV/dt, where
C is the known capacitance of the
air capacitor and dV/dt is the meas-
ured slope of the voltage ramp. The
voltage ramp is generated by an
integrator, which integrates a rela-
tively large constant current (10 nA,
for example) obtained by applying
a constant voltage across a resistor.
Nonidealities of the integrator cause
nonlinearity into the voltage ramp,
and that is corrected by applying a
small, slowly varying compensating
current into the integrator input.
The method was tested in calibra-
tion of an electrometer at 10 pA:
the output current of the genera-
tor was stable and repeatable with
standard deviation of about +0.5 fA.
The work was carried out in col-
laboration with STUK (Radiation
and Nuclear Safety Authority of Fin-
land).

DEVELOPMENT OF
ACCELERATION CALIBRATION
FACILITIES (MIKES)

Development project of vibration
transducer measurements, which
was started in 2004, was continued
in 2006 but not with the antici-
pated volume. A charge amplifier,
24-bit data acquisition card and
back-to-back-type secondary work-
ing standard accelerometer were
acquired and taken into use. With

Figure E4. Jussi Haméldinen testing the
accelerometer comparison setup, which
is based on a homemade shaker.
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help of these devices and a vector
signal analyzer, the improvement
of the homemade shaker and its
mounting has advanced well. Parts
of the measurement software have
been developed. The goal is to start
measurements at secondary level
during 2007.

OTHER PROGRESS AT MIKES

During 2006, activities of MIKES in
the field of metrological applica-
tions of microelectromechanical
structures (MEMS) have mainly con-
centrated on reporting the results
achieved in the EMMA project,
which finished in spring 2005. De-
sign and properties of the stable
MEMS-based AC voltage reference
have been reported [50], [51], and
an invited review article on applica-
tions of MEMS components in elec-
trical metrology has been written
[52]. Practical activities with MEMS
will be continued in 2007.

MIKES and Nokia Corporation Tech-
nology Platform have investigated
applicability of coaxial cables at pi-
cosecond range timing [53]. The re-
sults revealed that the conventional
tick pulse is not usable for accurate
measurements below 1 ns, but the
pulse shape has to be changed to fit
the properties like bandwidth and
velocity dispersion of cables. Envi-
ronmental effects may change the
cable delay up to 100 ps. These in-
vestigations were partly motivated
by the cable delay comparison EU-
ROMET.TETI-K1 (EUROMET project
no. 828).

TRACEABILITY OF POWER
QUALITY MEASUREMENTS
(MIKES-TKK)

One of the quantities measured by
power quality meters is the flicker
index. Flicker index is a number,
which is related to the irritation
effect of flickering of lighting due
to changes in the mains voltage. In
this project MIKES-TKK developed
a system for calibration of flicker
meters. The characteristics of flicker
meter and the relation between the
voltage fluctuations on the mains
voltage and flicker index are stan-
dardized on an international stan-
dard, IEC 61000-4-15. The devel-

oped method follows the standard,
and it is based on sampling of the
ac signal. The sampled signal is then
processed by software to provide
the flicker index. The system was
developed during autumn of 2006,
and first calibrations will be per-
formed in spring 2007.

EXTENSION OF THE
BANDWIDTH ESD TESTER
CALIBRATION SYSTEM
(MIKES-TKK)

ESD testers are calibrated using a
special target designed for measur-
ing the current produced by pulse
delivered from the tester. Accurate
measurement of this pulse having
a rise time of less than 1 nanosec-
ond requires a bandwidth of several
GHz.

A new wideband (6 GHz) oscillo-
scope to provide the required band-
width was purchased in 2005. Dur-
ing 2006 the emphasis was on the
characterization of the bandwidth
of the target-attenuator-cable

chain. Methods and adapter for the
calibration were developed in the
autumn. The system is expected to
be fully calibrated in spring 2007.

OTHER PROGRESS AT
MIKES-TKK

The traceability of capacitance loss
measurements has been improved.
An absolute determination of ca-
pacitor dissipation factor was per-
formed using a variable capacitor
guard ring capacitor together with
a capacitance bridge for this task.
The estimated uncertainty in the
determination of the dissipation
factor of a 100 pF capacitor was less
than 10 ppm [54].

The results of the work for improv-
ing the high alternating current cali-
bration capabilities of MIKES-TKK
was published in the CPEM 2006
conference [55]. There are plans to
continue the verification for higher
current levels in future. The system
is now verified up to 3 kA.

Figure E5. ESD calibration target waiting for tests with a network analyzer. The
frequency response of the target-attenuator-cable chain is calibrated up to 6 GHz.
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CCEM-K10: DC resistance 100 Q. Key
comparison. Participants: BIPM, METAS,
MIKES, NIM, NIST, NMIA, NMLJ, NRC,
PTB (pilot). The QHR measurements in
MIKES were made in 2002. Draft B of
the final report appeared in April 2006,
and the results were published in the
BIPM key comparison database in Feb-
ruary 2007. The degree of equivalence
of the MIKES result with respect to the
key comparison reference value was
(12.15 £ 17.1) nQ/Q (k = 2). The results
were limited by the transportability of
the resistors and not by the capability of
the participants.

CCEM.RF-K19.CL: Attenuation at 60
MHz and 5 GHz using a 50 ohm Type-
N step attenuator. Key comparison.
Participants: BNM-LNE, CMI, CSIR-NML,
INRIM, KRISS, METAS, MIKES, MIRS/SIQ,
NIM, NIST, NMlJ, NMi-VSL, NPL (pilot),
NPLI, NRC, PTB, SP, SPRING Singapore,
UME, VNIIFTRI. Measurements in MIKES
were made in October 2004. The first
version of Draft A of the final report
was distributed for participants in April
2006. All results of MIKES are consist-
ent with the key comparison reference
value within the claimed uncertainties,
and the uncertainties of MIKES are very
similar to other laboratories using vec-
tor network analysers.

EUROMET.EM-K2 (EUROMET project
no. 851): Resistance standards at 10 MQ
and 1 GQ. Key comparison to be linked
with CCEM-K2. Participants: BEV, CEM,
CMI, CSIR-NML, GUM, INETI, INM(RO),
JV, LNE, LNMC, METAS (pilot), MIKES,
MIRS/SIQ, NMi-VSL, NML(IE), NPL,
OMH, PTB, SMD, SMU, UME, VMT/PFI.
Measurements in MIKES were made in
March 2006. Three different measure-
ment methods were used, giving con-
sistent results: DCC bridge, substitution
method with Hamon standards, and a
modified Wheatstone bridge with two
calibrators (in case of 1 GQ).

EUROMET.EM-K5 (EUROMET project
no. 385): AC power measurement at 50
Hz. Key comparison linked with CCEM-
K5. Participants: AREPA, BEV, CEM, CMI,
GUM, IEN, INETI, JV, METAS, MIKES,
NMi-VSL, NPL, OMH, PTB (pilot), SMD,
SP, UME. Measurements in MIKES/VTT
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Figure E6. Measurement of the 1 GQ travelling standard from the MIKES refer-
ence 100 MQ standard in EUROMET.EM-K2 comparison by two methods: DCC
resistance bridge (left) and modified Wheatstone bridge based on two calibrators

(right).

were finished in December 1999. Draft
B of the final report appeared in June
2006, and the results were published in
the BIPM key comparison database in
November 2006. Most results of MIKES
were consistent with the correspond-
ing reference value of CCEM-K5 within
the claimed uncertainties (k = 2), but in
some points the deviation was some-
what larger than expected, 42 pyW/(VA)
at maximum. At two values of the pow-
er factor, 0.5 lag and 0.0 lead, the devia-
tion exceeded slightly the comparison
uncertainty. After this comparison the
measurement system at MIKES has been
improved considerably, and in Septem-
ber 2005 MIKES participated in a new,
still ongoing key comparison EUROMET.
EM-K5.1 using the improved setup.

EUROMET.EM-K10 (EUROMET project
no. 636): 100 Q standard resistor. Key
comparison to be linked with CCEM-
K10. Participants: BEV, BIPM, CEM, CMI,
CSIR-NML, DFM, EIM, GUM, INETI, IN-
RIM, JV, LNE, LNMC, METAS, MIKES,
MINECO, MIRS/SIQ, NMi-VSL, NML(IE),
NPL, OMH, PTB (pilot), SASM, SP, UME,
VMT, VNIIM, ZMDM. Measurements
in MIKES were made in April and July/
August, 2003. MIKES belonged to the
organisation group of the comparison
and acted as a "subpilot” of the Nordic
loop of the comparison: two tempera-
ture and pressure stabilised standard
resistors of MIKES were circulated by
car and measured at MIKES, SP, JV, DFM,
PTB, and VNIIM. Draft A of the final re-
port was distributed for the participants
in March 2006. The results of the Nordic
loop organised by MIKES agreed within
reported uncertainties, but in one of
the other loops the transfer standards
apparently showed some jumps, and
this had to be taken into account by an
additional transport uncertainty term.

EUROMET.EM-K11 (EUROMET project
no. 464): AC/DC voltage transfer differ-
ence at low voltages. Key comparison to
be linked with CCEM-K11. Participants:
AREPA, BEV, CEM, CSIR-NML, EIM, GUM,
IEN, INETI, JV, LNE, METAS, MIKES, MIRS/
SIQ, NMi-VSL, NPLI, OMH, PTB, SMD, SP
(pilot), UME, VNIIM. Measurements in
MIKES were made in September 2006.

EUROMET.EM.RF-K8.1.CL  (EUROMET
project no. 818): Calibration factor of
thermistor mounts up to 18 GHz. Bi-
lateral comparison subsequent to key
comparison EUROMET.EM.RF-K8.CL.
Participants: MIKES, NMi-VSL (pilot).
Thermistor mounts of MIKES and NMi-
VSL were measured in both laboratories.
MIKES made the measurements in De-
cember 2004 and February 2005. Draft B
of the final report was sent for approval
in December 2006. Deviation of MIKES
results from the reference value of EU-
ROMET.EM.RF-K8.CL was smaller than
0.4 % at all frequencies except 18 GHz,
where deviation was -1.38 % + 2.25 %.
The overall uncertainty of the compari-
son, which varied from 0.85 % at 50
MHz to 2.25 % at 18 GHz (k = 2), was
largely dominated by the measurement
uncertainty of the pilot laboratory.

Bilateral comparison of capacitance
standards with SP, Sweden, was ar-
ranged in the end of 2005 on scaling
the capacitance value from 100 pF up to
1 yF with one decade step. The results,
which were published in CPEM 2006
conference, showed good agreement
between MIKES and SP [48]. Relative
differences between MIKES and SP were
less than 1.5 pF/F at capacitance values
from 1 nF to 100 nF, and the difference
at 1 yF was (11.5 = 16.6) pF/F.
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EUROMET.TETI-K1 (EUROMET project
no. 828): Time interval (cable delay)
measurement. Supplementary compari-
son. Participants: BEV (pilot), EIM, GUM,
IEN, INM, IPQ, IREE/CMI, JV, MIKES, ME-
TAS, NCM, NMi-VSL, NPL, NPLI, OMH,
OP/SYRTE, PTB, ROA, SIQ, SMD, SMU,
SP, UME, VMT/PFI, ZMDM. Measure-
ments in MIKES were made in February
2006. Draft A of the final report was
distributed for participants in August
2006. The delays in the three measured
cables had values from 20 ns to 175 ns,
and the uncertainties of MIKES results
were between 75 ps and 215 ps. Devia-
tion between the MIKES results and the
weigted mean of all participants was
smaller than the claimed uncertainty
for all cables.

EUROMET 860: Time comparison using
a transportable atomic clock. In Novem-
ber 2005, MIKES organised a time com-
parison in which one of the Cs clocks
of MIKES was transported by car to SP
(Sweden) and back. The comparison was
continued in May 2006 by transporting a
Rb clock from MIKES to Metrosert (Esto-
nia) and VMT/PFI (Lithuania) and back.
Analysis of the results is in progress.

EUROMET.AUV.A-K3 (EUROMET project
no. 674): Laboratory standard micro-
phone calibrations. Key comparison
to be linked with CCAUV.A-K3. Partici-
pants: BEV, CEM, CMI, DPLA, INRIM (pi-
lot), METAS, MIKES, NMi-VSL, SP. Meas-
urements in MIKES were performed in
March - April, 2004. Draft B of the final
report appeared in April 2006. Devia-
tions of MIKES results from the compar-
ison reference value were 0.025 dB or
less for all frequencies between 31.5 Hz
and 16 kHz, and at the highest frequen-
cy of MIKES, 20 kHz, the deviation was
(0.0836 + 0.0850) dB.

MIKES-TKK

EUROMET 488: Impulse voltages. 26
participating laboratories, including
National Standards Laboratories from
five EUROMET countries (Fl, FR, DE, ES,
SE), and from Australia (NMIA), Rus-
sia (VNIIMS), and China (WHVRI). Pilot
MIKES-TKK. The comparison was of
lightning impulse voltages, from 50 mV
to 1000 V and from 80 kV to 400 kV, and
of switching impulse voltages from 50
mV to 300 V. This project started in 1999
and the measurements were completed
by October 2002. Analysis of the results
was agreed on during 2003. Final results
were presented in CPEM 2006 [56] and
will be published in IEEE Trans. Instrum.
Meas. [57].

Figure E7. Kalevi Kallioméki investigating the transfer standard of
comparison EUROMET.TETI-K1. The transfer standard (middle up)
consists of three microwave cables of different lengths fitted in a

box and equipped with BNC connectors.

Trilateral high accuracy comparison
of impulse voltage calibrators. Partici-
pants: MIKES-TKK, PTB, NIT (Japan). The
comparison was arranged in Decem-
ber 2005. The results were presented
in CPEM 2006 conference [58], and the
agreement on the peak value of the
calculable impulse voltage calibrators
was better than 0.05 % on all measured
voltage levels, both for lightning and
switching impulse [59].

NATIONAL COMPARISONS
MIKES

A comparison on calibration of digital
multimeters was arranged in spring
2006. The travelling device was a HP
3458A multimeter, and the comparison
included DC voltage between 50 mV
and 100 V, DC current between 1 mA
and 100 mA, ACvoltage at 1Vand 10V
at frequencies from 400 Hz to 1 MHz,
AC current at 10 mA and 100 mA at fre-
quencies 400 Hz and 10 kHz, and resist-
ance between 100 Q and 10 kQ. Six lab-
oratories, all from Finland, participated
the comparison.

A bilateral comparison on frequency
measurements at 10 MHz was arranged
between MIKES and Nemko Oy in March
2006.
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MIKES-TKK

Prof. Erkki Ikonen
Dr. Petri Kérhé
Dr. Farshid Manoocheri

Dr. Goéry Genty

Dr. Jari Hovila

Dr. Jouni Envall

Dr. Markku Vainio

Dr. Antti Lamminpaé
M.Sc. Ville Ahtee
M.Sc. Silja Holopainen
M.Sc. Pasi Manninen
M.Sc. Meelis-Mait Sildoja
M.Sc. Mikko Puranen
M. Sc. Maija Ojanen
M.Sc. Tuomas Hieta
Mr. Juhana Lano

Mr. Ari Kesénen

Mr. Akseli Miranto
Ms. Liisa Ollikka

Mr. Juha Peltonen

Mr. Markku Valkonen
Mrs. Jaana Hénninen
Mr. Tarmo Simonen

Photometry
and radiometry

Head of the National
Standards Laboratory
Senior Research Scientist,
Quality Manager

Senior Research Scientist,

Head of Calibration Services

Senior Research Scientist
Senior Research Scientist
Senior Research Scientist
Senior Research Scientist
Senior Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Scientist
Research Assistant
Research Assistant
Research Assistant
Research Assistant
Research Assistant
Research Assistant
Coordinator

Network and PC
Administration

Metrology Research Institute is a joint lab-
oratory of the Helsinki University of Tech-
nology (TKK) and MIKES.

Metrology Research Institute is designated
by MIKES to act as the National Stand-
ards Laboratory for optical quantities. The
quantities are: luminous intensity, illumi-
nance, luminance, luminous flux, spec-
tral irradiance, spectral radiance, colour
co-ordinates, colour temperature, optical
power, fibre optic power, transmittance,
reflectance, spectral responsivity, spectral
diffuse reflectance, optical wavelength,
chromatic dispersion.

Metrology Research Institute (represented
by Erkki Ikonen) is a member laboratory of
the Consultative Committee for Photom-
etry and Radiometry (CCPR).
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Highlights in 2006

A new model was developed to
determine the luminous intensity
of LED sources in an unambiguous
way over a large distance range.
The achieved results were accepted
for publication in a refereed journal
and they will be useful in illumina-
tion design using LEDs. The figure
shows an example of a large-area
LED source with lens, which can be
successfully modelled to an equiva-
lent optical arrangement contain-
ing just a virtual source and an ap-
erture.

In fibre nonlinearity measurements,
a breakthrough was achieved by
decreasing the measurement un-
certainty by a factor of three. This is
based on improved fibre optic pow-
er measurements and successful dis-
persion modelling in the nonlinear
fibre. The results were accepted for
publication in a refereed journal.
Two of the three Doctoral disserta-
tions of 2006 at the Metrology Re-
search Institute are related to these
studies.

Realisation,
maintenance

MODIFICATIONS IN
GONIOREFLECTOMETER LIGHT
SOURCE SYSTEM

A gonioreflectometer for measur-
ing diffuse reflectance was designed
and constructed in the laboratory in
2004. The system measures full in-
tensity in a certain reference posi-
tion behind the sample, scans the
reflected radiation from the sam-
ple in polar angles, and calculates
the bidirectional reflectance fac-
tors from the ratios of the reflected
radiation in each angle to the full
radiant intensity at the reference
position. Due to inherent scattering
properties of optical components
there is always some scattered light
around the measurement beam.
Because of this scatter and because
the full intensity is measured at dif-

Figure P1. Image of an LED as seen by an observer in the direction of optical axis.

ferent distance from the source op-
tics as compared to the sample in-
tensity, not all the light incident on
the sample is seen by the detector at
the reference position. Therefore, a
correction must be applied to take
care of this problem.

Some modifications have been done
in the light source system of the go-
nioreflectometer in 2005 and 2006
leading to improved properties of
the measurement beam [60]. The
determined wavelength-dependent
correction was on the average as
high as-1.1 % and reduced to-0.2 %
after the improvements. The meas-
urement results for our diffuse re-
flectance reference materials are
in excellent agreement which in-
dicates that the scattering of light
around the main beam is under
control in our system. Considering
the magnitude of the correction re-
quired before the modifications, it
is obvious that definite errors will
occur if light scattering about the
main beam is not taken into account
when designing and characterizing
a gonioreflectometer.

SIGNIFICANT PUBLICATIONS
AND PRESENTATIONS

As the result of other maintenance
work, following journal articles
were published in 2006 [29, 31, 61,
62, 63, 64]. In addition, several con-
ference presentations and other
publications were given during the
year 2006 [65, 66, 67, 68, 69, 70, 71,
72,73, 74, 75].
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CALIBRATION FACILITY FOR
COLOUR DISPLAYS AND
COLORIMETERS

The quality of colour displays con-
tinues to improve and customers
demand higher accuracy in colour
reproduction. Commercial colori-
meters and spectroradiometers are
commonly used to measure the
chromaticity and luminance of dis-
plays. The instruments are typically
calibrated at factory using incandes-
cent standard lamps. Such a practice
causes errors in determining the
colour of displays whose spectra
are very different from those of the
standard lamps. Such measurement
errors would significantly degrade
the quality control of the display
products and the performance of
any colour management systems.
To address the needs for improving
and certifying the measurement un-
certainties of such colour measuring
instruments for the Finnish indus-
try, a facility has been developed
for spectrometric and colorimetric
calibration of displays, colorime-
ters, and spectroradiometers. Dur-
ing the year 2006, investigation was
carried out regarding the use of a
CCD-camera in determining the lu-
minance uniformity of LCD devices
using a dedicated laboratory space.
Work was also done in developing
the low-luminance measurement
capability using filters and a sphere-
source [76].

EXTENSION OF THE
WAVELENGTH REGIONS OF
SPECTRAL IRRADIANCE AND
RADIANCE MEASUREMENTS

The purpose of
this project is to
extendthewave-
length regions
of the spectral
irradiance and
radiance scales
to 200 nm - 2.5
pm. The project
has now come
to a stage where
spectral irradi-
ance measure-
ments cover the
spectral region
250 nm - 1500
nm. In the vis-
ible region, an
improved  un-
certainty evalu-
ation was de-
veloped [77]. In
the UV region,
a trap detector
based on GaP photodiodes is used
[78]. In the IR region, a Ge photodi-
ode is used [79]. Comparison meas-
urements with NPL-traceable lamps
show good agreement in the visible
and IR regions. Measurement facil-
ity for spectral irradiance is illustrat-
ed in Fig. P2.

Figure P2. Measurement facility for spectral irradiance.
The signal from the lamp is measured at the reference de-
tector in accurately defined solid angle. The wavelength
dependence is obtained by using interference filters in

front of the detector.

Research Projects

Figure P3. Fluorescence reference instrument. On the left:
fluorescence collection lens and fibre guide. Holders for fluo-
rescence sample and a non-fluorescent reference are located
on a linear translator and in the background is seen the refer-
ence detector for the calibration of the detection system.

REFERENCE INSTRUMENT FOR

FLUORESCENCE
MEASUREMENTS

The objective of the project is to
develop a reference instrument

for measuring spectral fluorescent
quantum yield of samples in the
wavelength range 250-830 nm.
The structure of the facility will be
designed so that different types
and sizes of samples can be meas-
ured. The measurements are to be
made essentially in the CIE recom-
mended geometries of illumination
and collection. The goal is to reach
uncertainty of less than 3 % in de-
termining the absolute quantum
yield with a repeatability of better
than 1 % within several years. In
2006 the automation of the meas-
urement system was improved and
the detection system was inspected
and found to be reliable. The in-
strument (Fig. P3) was presented
at the 5th Oxford Conference on
Spectrometry in Teddington, United
Kingdom [80].

MIKES METROLOGY ANNUAL REPORT 2006 35



PHOTOMETRY AND RADIOMETRY

Research Projects

MEASUREMENT SETUP FOR
NON-LINEARITY OF OPTICAL
FIBRES

The goal of this project is to deter-
mine the nonlinear coefficient of
the optical fibre accurately [81, 82,
83]. During 2006, improved setup
with integrating sphere detector
and simulation software was suc-
cessfully established. The obtained
accuracy for determining the non-
linear coefficient is now 2 % (k=2)
[84] (6.4 % in 2005) [85, 86]. To get
the actual nonlinear refractive (n.)
index from the nonlinear coeffz
cient (n,/A_.), the effective area of
the flbre ~=had to be determined.
Setup based on far-field scanning
technique standardized by Inter-
national Telecommunication Union
was built and characterized (Fig.
P4). An uncertainty of about 4 % (k
= 2) was obtained for the effective
area [87].

REFERENCE SPECTROMETER
FOR INFRARED DETECTOR
MEASUREMENTS

Many radiometric applications re-
quire the determination of the
spectral radiant power responsivity
function of infrared (IR) detectors.
Applications of IR detectors in vari-
ous fields such as thermal imaging,
night vision and surveillance, low
temperature measurements, and
testing of micromechanical devices
have brought demanding require-
ments for accurate calibration of in-
frared standard detectors. Accurate
measurement of spectral power
responsivity in the visible spectral
region has been a service provided
by the Metrology Research Insti-
tute for several years. The Metrol-
ogy Research Institute has recently
moved to expand the spectral range
of spectral irradiance scale to cover
the UV and near infrared regions.
Ongoing projects for spectral irradi-
ance scale will require the availabil-
ity of a spectral power responsivity
of the used detectors in the range
from 0.9 pm to 2.5 pm. Recently,
spectral responsivity calibration ca-
pability has been extended from
0.2 pm out to 1.7 um [88].

In the initiation phase of the project
during the year 2006, a facility was
developed using a monochromator

Figure P4. Device using far-field scan-
ning for effective area determination
in optical fibre. The fibre is highlighted
with white colour to make it visible.

Figure P5. Schematic of the measure-
ment setup. M indicates a flat mirror,
SM a spherical mirror, CM a concave
mirror, OPM an off-axis parabolic mir-
ror, L a lens, A a variable size aperture
and G a diffraction grating.

with two IR gratings (Fig. P5). The
facility consists of three sections as
the light-source/input optics, mono-
chromator, and the comparator /
detection system. The coverage of
spectral range is for the most part
of the 1.1-3.4 pym excluding the at-
mospheric absorption bands. Meas-
urements have been performed for
determining the spectral responsiv-
ity of a PbSe and an InAs photodi-
ode using an available pyroelectric
radiometer as the reference detec-
tor. The uncertainties for the cali-
bration measurements are 1.88 %
and 3.32 %, respectively.

METROLOGY OF LED LIGHT
SOURCES

During 2006, the Metrology Re-
search Institute continued its work
in developing luminous intensity
model for analysing the behaviour
of LEDs as a function of distance.
The developed model takes into ac-
count the geometrical deviations of
LEDs from point sources and uses a
modified inverse-square law to de-
termine the reference plane of the

source using the same type of meth-
od as was earlier applied in diffuser
studies. Several papers were pub-
lished on the subject [89, 90, 91, 92,
93, 94]. Work was also carried out to
develop measurement methods for
flashing light sources. The prelimi-
nary results showing the spectral
changes of the LEDs during flashing
operations are highly interesting.

DETERMINATION OF RADIATION
TEMPERATURE USING FILTER
RADIOMETERS

In the collaboration project of the
Metrology Research Institute and
the temperature laboratory of
MIKES, a new approach for meas-
uring the radiation temperature
of a black body radiator is tested.
Spectral irradiance of the high pre-
cision black body is measured with
absolutely characterized filter ra-
diometers and linear pyrometer in
near-infrared wavelength region.
In 2006, one filter radiometer with
effective wavelength of 801 nm
was calibrated using wavelength-
tunable Ti:Sapphire laser. Two
dedicated filter radiometers with
effective wavelengths of 800 and
900 nm were constructed and their
thermodynamical properties were
characterized. Thermodynamic
temperatures between 1373 K and
1773 K were studied by measuring
a variable-temperature black body.
The measurements were carried out
using a linear pyrometer and four
absolutely characterized filter radi-
ometers with effective wavelengths
between 600 and 900 nm. The fil-
ter radiometer measurements were
done in irradiance mode. The re-
sults obtained with the pyrometer
and the filter radiometers were
compared. Before the variable tem-
perature black body measurements,
the absolutely characterized filter
radiometers were tested on a silver
fixed-point cell whose freezing tem-
perature was 1234.93 K. The results
will be presented in Tempmeko-
conference in 2007.
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K2.a: spectral responsivity, 900-1600
nm, pilot NIST

Draft A-3 is now nearly ready to be dis-
tributed to the participants. The major
change relative to draft A-2 is a re-eval-
uation of the transfer uncertainty at
NIST and the resulting re-calculation of
the data. The uncertainty of the KCRV
will be slightly larger than before, but it
will hardly affect the overall results.

K2.c: spectral responsivity, 200-400 nm,
pilot PTB

The measurements of the first three
groups of participants are finished. The
final PTB measurement on the detec-
tors of this round is planned for January
2007. Draft A shall be available later in
2007.

K5: spectral diffuse reflectance, pilot
NIST

The uncertainty budgets have been sent
out for review in October 2006, the rel-
ative data will be sent in the beginning
of 2007. Additional measurements were
carried out on samples belonging to the
participants as bilateral comparisons.
These data will be analysed later and
the results will be published separately
from the key comparison results. Draft
A is expected in 2007.

K6: spectral regular transmittance, pilot
LNE

Draft A report has been distributed in
July 2006. Draft B expected in 2007.

S2: aperture area, pilot NIST

Final report was published in 2006. The
Metrology Research Institute results
were good (see Fig. 6). Of nine partici-
pants, only the Metrology Research In-
stitute and National Research Council
of Canada had all results within 10 or
20 limits.

Chromatic dispersion comparison EU-
ROMET-PR.S1.1 (bilateral with METAS)

Final report has been published in 2006.
This was a subsequent bilateral compar-
ison which corrected erroneous results
of the Metrology Research Institute in
the earlier comparison EUROMET-PR.S1.
One zero dispersion result still remained
clearly outside 95 % confidence limits.

PHOTOMETRY AND RADIOMETRY

Comparison methods for UVA irradi-
ance responsivity calibration, piloted by
the Metrology Research Institute

A commercial UVA meter was used in
the comparison, and each laboratory
was instructed to measure its UVA ir-
radiance responsivity using the exact
methodology and equipment that they
utilise in their regular work. The results
were in agreement within £5 %, which
demonstrates a factor of two improve-
ment in the consistency of the results as
compared with earlier intercomparisons
[95, 96, 971.

Comparisons

Figure P6. Aperture area comparison CCPR-52: measurements 1999-2003 (pilot

NIST). Nine participants, only TKK and NRC had all results within 10 or 20 limits.

Figure P7. An example of results of the chromatic dispersion comparison.
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g radiation

On the basis of its own legislation, the
Radiation and Nuclear Safety Authority
(STUK), Radiation Metrology Laboratory,
maintains the national standards for units
of ionising radiation quantities. The quan-
tities are: air kerma, reference air kerma
rate, absorbed dose to water, absorbed
dose to soft tissue, ambient dose equiva-
lent, directional dose equivalent, person-
al dose equivalent and surface emission
rate.
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IONISING RADIATION

Highlights in 2006, Research Projects, Comparisons

Highlights in 2006

The diagnostic x-ray radiation quali-
ties according to the Standard IEC
61267 (2005) were established. The
calibration method developed for
kerma area product meters was
presented in Vienna in the IAEA
International Conference on Qual-
ity Assurance and New Techniques
in Radiation Medicine [98, 99]. The
principles of the developed method
were adopted also in the IAEA Code
of Practice on Dosimetry in X-ray Di-
agnostic Radiology.

The Laboratory partly organised and
participated in the Nordic training
workshop for Secondary Standard
Dosimetry Laboratories in Swed-
ish Radiation Protection Authority
(SSI), Sweden. The main topic in the
workshop was the measurement
techniques of low ionisation cur-
rents. Laboratory had also a com-
mon master thesis study with MIKES
on the measurements of low (pA)
currents.

Calibration for kerma lenght prod-
uct meters for x-ray computed tom-
oraphy was taken in use. For valida-
tion and description of the method
a pro gradu-thesis was made [100].

The Laboratory organised and par-
ticipated in the Nordic dosimetry
group meeting at STUK. A report
on the dosimetric capabilities of the
Nordic national dosimetry laborato-
ries was published [101].

The methods and results for de-
termination of conversion fac-
tors from air kerma to operational
dose equivalent quantities were
published [102]. Laboratory had
also participated in the dosimetric
studies of alpha particles. The dosi-
metric evaluation of a #®Pu alpha
particle irradiator for biological
experiments and the development
of methods for alpha spectrometry
were published [103, 104].

Figure I1. Calibration of a kerma area
product meter with x-rays.

Realisation,
Maintenance

A new reference standard for air
kerma for diagnostic x-ray quali-
ties was taken in use. The reference
standard is a plane-parallel ioniza-
tion chamber of type TB 23344,
manufactured by PTW, Germany.
The standard was calibrated at PTB,
Germany.

Two STUK internal audits were tar-
geted to the Laboratory, covering
areas of equipment and registers,
staff training, job descriptions, ac-
commodation and environmental
conditions, access to laboratory,
validation of methods, testing of
equipment, handling of equipment,
reference standards and assuring
the quality of results.

Figure I2. Set of ionisation chambers.
Second from right, 23344-type plane
parallel chamber used as a reference
standard for x-rays.

Research
Projects

The Radiation Metrology Laborato-
ry participated in an EU coordinat-
ed action, SENTINEL, “Safety and
efficacy for new techniques and
imaging using new equipment to
support European legislation” (year
2005 - 2007). The project is a contin-
uation for the previous DIMONDIII
project and contains e.g. issues for
dosimetry in interventional radiol-
ogy [105].

The Laboratory participated also
in an IAEA Coordinated Research
Project “Testing of the Implemen-
tation of the Code of Practice on
Dosimetry in X-ray Diagnostic Ra-
diology” (years 2005 - 2007). The
main topics for STUK are testing of
the calibration methods for kerma
area product meters and the clinical
measurement techniques for gen-
eral radiology, computed tomogra-
phy and mammography.

Comparisons

INTERNATIONAL COMPARISONS

In 2006 the Laboratory participated in
the annual radiotherapy level dosim-
etry audit organised by IAEA/WHO
secondary standard laboratory net-
work. Measurements were performed
in a ®°Co gamma radiation beam using
postal thermoluminescent dosimeters.
The stated difference between the re-
sults of STUK and IAEA were below the
detection limit (difference 0.0 %). The
stated tolerance level by IAEA for the
difference is 3.5 %.
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The Finnish Meteorological Institute (FMI)
is a governmental research and service in-
stitute. The main objective of the FMI is
to provide the best possible information
about the atmosphere above and around
Finland, to ensure public safety relating to
atmospheric and airborne hazards and to
satisfy requirements for specialised mete-
orological products. The measurements
have therefore been one of the most im-
portant activities throughout the history
of the institute and measurements of air
quality play an important role in it.

To improve the traceability of the air qual-
ity measurements the Finnish Meteorolog-
ical Institute and MIKES made agreement
for the maintenance of calibration service
in the field of air quality according to the
requirements by the CIPM. The FMI is also
nominated as a national reference labora-
tory in the field of air quality by the Min-
istry of the Environment. The calibration
laboratory at the department of Air Qual-
ity Research carries out both of the duties.
The quality system of the laboratory is ac-
credited according to ISO 17025 standard
as a calibration laboratory.

MISSION OF THE CALIBRATION
LABORATORY

The responsibility of the laboratory is to
carry out the task of

- the national reference laboratory of at-
mospheric pollutants

- the national measurement service — the
maintenance and support of the national
reference standards in the field of air qual-
ity

- the maintenance of the calibration labo-
ratory

- co-operation on research projects and ex-
pert service.
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The calibration laboratory performs
the calibrations to the customers
which come from the industry, lo-
cal authorities or consultants in the
field of air quality measurements,
universities and research institutes
and background air quality assess-
ment programmes carried out at
the Finnish Meteorological Institute.
Calibration service includes calibra-
tion of the calibration facilities or
analyzers. The calibration concen-
trations are traceable to the SI unit
or to the international standards.

ORGANISATION OF THE
SUBJECT FIELD

The metrology in chemistry is fo-
cused on gas metrology at the Finn-
ish Meteorological Institute. The cal-
ibration laboratory at the air quality
research maintains calibration (Fig.
C1) and measurement service for at-
mospheric gaseous pollutants such
as carbon monoxide (CO), nitrogen
monoxide (NO), nitrogen dioxide
(NO,), ozone (0,), sulphur dioxide
(SO,), and the BTEX-compounds
including benzene (CH,), toluene
(C,H,), ethylbenzene (CH, ), and o-,
m-, and p-xylenes (CH,)) (Fig. C2).
The traceability of the calibration
concentration produced in the
laboratory is to Sl unit via national
metrological institutes: National
Physical Laboratory, NPL (UK); Ned-
erlands Meetinstituut, NMi (NL);
Laboratoire National D’Essais, LNE
(FR), Bureau International des Poids
et Measures (BIPM), and MIKES (FI).
The reference gas standards of the
laboratory for carbon monoxide,
nitrogen monoxide, sulphur diox-
ide and BTEX-compounds are those
of the secondary gas standard of
NPL and NMi. The ozone reference
standard is the Standard Reference
Photometer by NIST. The SRP is com-
pared at regular intervals to similar
SRP by NIST at the BIPM. The refer-
ence standard for nitrogen dioxide
is the gas phase titration of nitro-
gen monoxide (NO) gas standard
with the ozone (O,). As secondary
standards for nitrogen dioxide, sul-
phur dioxide, benzene, toluene, o-
and m-xylenes the laboratory main-
tains the permeation method. The
gas concentrations are produced
by dynamic dilution method or by
static injection of the reference or
secondary gas standards.

DYNAMIC DILUTION METHOD

Gas analysers

Dilution device

UV-lamp for GPT

Air

messta

CHEMISTRY

[

Critical nozzles (4+2)
1... 10 dilution stage

H_J
NO, SO,,
CO,BTEX

| BTEX

L co

— SO,
NO,

Figure C1. The schematic of the dynamic dilution method for producing SI-trace-
able gas mixtures for calibration purposes.

Figure C2. Antti Wemberg is obtaining calibration of continuous air quality ana-

lyzers of oxides of nitrogen, sulphur dioxide and carbon monoxides.

The validation of the SRP and the
flow measurement system were
completed in 2006 and were includ-
ed into the quality system of the
laboratory.
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CHEMISTRY

Research Projects, Comparisons

Research
Projects

The laboratory took also part in the
City-Twinning project between the
cities from Finland and St. Peters-
burgin Russia. The project aimed for
exchange of information and best
practices between St. Petersburg
and Finnish cities in developing lo-
cal air quality monitoring system
as well as raising public awareness.
The Metrology Institute of Russia,
VNIIM, participated in the project.

To demonstrate the agreement be-
tween the NO gas standard which
is traceable to gravimetric method
and the ozone gas standard of SRP-
37 by NIST extensive studies were
made with the gas phase titration
method (see in Fig. C3). A discrep-
ancy of 2.8 % was observed be-
tween the two methods which is
more than the calculated expanded
uncertainty of the methods.

Comparisons

The second intercomparison exercise
of air quality measurements of carbon
monoxide (CO), nitrogen monoxide
(NO), ozone (0,), sulphur dioxide (SO,),
and hydrogen sulphide (H,S) and the
field audit were conducted to local air
quality measurement networks in Fin-
land. The field audit was addressed on
the quality assurance and the quality
control procedures for the air quality
measurements. The training for these
topics was conducted during the Work-
shop on “Vertailulaboratoriopaivat”
(see in Fig. C4). Results of the second
intercomparison exercise will be report-
ed during the next year.

The laboratory took part on the pilot
comparison of ozone photometer or-
ganized by BIPM [106] and Comparison
of primary standards of sulphur diox-
ide (SO,) in synthetic air (CCQM-K26b)
[107], and nitric oxide (NO) in nitrogen
(CCQM-K26a).

Gas Phase Titration Method, GPT

GPT-measurements

Gravimetric t
gas standard T T NO

NO +0O5;-> NO,+0,

NIST SRP #bm: d0;=dNO,

T he way to demonstrate the agreement between the gravimetric
method and the photometric method

Figure C3. The cross check of the gravimetrically produced gas standard of nitric
oxide (blue line) and the standard reference photometer, SRP-37, (red line). There
is about 2.8 % discrepancy from the 1:1 line (black line) between the both meth-
ods.

Figure C4. Veijo Pohjola is giving a training course on the quality system.
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