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1. Time Scale Generation and Traceability

In Time and Frequency Laboratory of UME, time keeping and dissemination systems were
developed using commercially available 5 Cs clocks and 2 GNSS receivers. This laboratory is a
member of BIPM TAI club since 1994. UTC (UME) time scale is generated with type A
uncertainty of 1 ns and type B uncertainty of 7 ns. 10 MHz and 1PPS signal from time
keeping system is used as reference for calibration laboratory, time dissemination system and
femtosecond frequency comb for laser frequency measurements (Figure 1).
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2. Time Dissemination

Time Dissemination System was developed for distribution of generated time from Cs atomic
clocks among local area networks (LANS), wide area networks (WANSs), and internet/intranet by
using of network time protocol (NTP) at stratum - 1 level. By using this system, time
dissemination is realized with an uncertainty better than 5 ms for LAN and better than 50 ms for
WAN. Developed NTP Time Dissemination System include local Rb frequency standard and
simple GPS receiver for initial time synchronization. This system is used in the national time
stamp and electronic signature project.
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3. Calibration and Measurement Capability

In time and frequency laboratory of UME, the calibration systems (DC-50 GHz) for calibration of
atomic clocks, frequency counters, signal generators, spectrum analyzers have been
developed. Rise time calibration of high frequency oscilloscope realised by using femtosecond
Er fiber laser and 100 GHz photodiode. Cable delay is measured with an uncertainty better
than 10 ps using fs laser calibrated 50 GHz oscilloscope. Absolute frequency measurement of
frequency stabilised lasers is measured by fs Ti:Sa and fs Yb comb which are externally
triggered from Cs clock. The measurement capabilities of time and frequency laboratory of UME
are given below:

e

Frequency Measurements:

DC-2 GHz (#1x10™ x f Hz )
2 GHz - 50 GHz (1 Hz)
530 nm - 1100 nm (£100 Hz)

Time Measurements:

Local Clock < £ 20 ns (1 day average)
Remote Clock < + 50 ns (1 day average)

Time Interval Measurements:

3 ps-100 ns (10 ps)
1ns - 10" s (100 ps)

4. Frequency Stabilized Lasers

In the Time, Frequency and Wavelength laboratory of UME, different pairs of lasers have been
developed and they have been stabilized to the Rb (780 nm, 778 nm) and Cs (852 nm) atomic
transitions, I, (532 nm, 633 nm) and CH,4 (3390 nm) molecular transitions with an instability of
1x10™ - 1x10™* for averaging time 1 s — 10 ks. The parameters influencing the frequency of the
He-Ne/l,, He-Ne/CH, gas lasers, Nd-YAG/I, solid state laser and the ECDL/Rb, Cs semi-
conductor lasers have been investigated and analyzed. The photograph of developed Rb S-D
(778 nm) 2 photon stabilized ECDL system is given below. Recently Cs atomic clock stabilized
33 femtosecond Yb fiber comb have been developed and used for absolute frequency
measurements. A new Yb fiber laser and amplifier were designed for generation of very short
pulses. The laser operates at net-zero cavity dispersion and produces pulses that are
compressed to 33 fs outside the laser cavity. Laser’s noise performance is characterized by
relative intensity noise and phase noise measurements. A Cs clock stabilized Yb frequency
comb that covers the spectral region of 700 nm -1400 nm is produced using the developed laser
and used for absolute frequency of a stabilized Nd:YAG/I, laser.

2 ECDL laser systems stabilised on S-D two-photon transition of Rb atoms



5. High-Resolution Laser Spectroscopy

Using the frequency tuneable lasers, selective reflection on the D, line of Cs atoms, wave
mixing, laser pressure on the resonances, optical pumping on the Zeeman levels, coherent
population trapping effects have been investigated. Free space microwave-atom-laser
interaction and radio-optical coherent resonances have been investigated. Research on the
polarization and Faraday effects on the S-D 2-photon-transitions of Rb atoms have been carried
out. Influence of the light intensity and gas pressure on the absorption resonances of the I, and
CH,; molecules have been investigated. Recently coherent population trapping resonances on
Cs atomic levels was investigated in pump-probe beam configuration.

6. Absolute Frequency Measurements of Stabilized Lasers with Femtosecond
Comb

Absolute frequency of frequency stabilized He-Ne/l,, Nd-YAG/l, and ECDL/Rb, Cs lasers was
measured by femtosecond Ti:Sa comb (530 - 1100 nm) that is externally triggered by the 10 MHz
signal of Cs atomic clock. In the laboratory Yb fiber based femtosecond comb working in the 700
nm - 1400 nm range and generating 33 fs pulses has been developed. The repetition and offset
frequency of the developed Yb comb system has been locked to the 10 MHz reference signal of Cs
atomic clock.

Yb fiber based femtosecond comb and supercontinium spectrum generation in PCF

The absolute frequency of the He-Ne/l, (633 nm) stabilized on the f line of the iodine molecules
has been measured by using UME Ti:Sa comb (473 612 353 600.6 + 1.1 kHz) and
BIPM Ti:Sa comb (473 612 353 602.0 + 1.1 kHz).

Absolute frequency of developed ECDL lasers which are locked to the Cs (852 nm) and Rb (780
nm) D, atomic lines, 2-photon S-D lines of Rb atoms (778 nm) was measured by using Ti:Sa
comb.

Recently frequency of the Nd:YAG/I, laser which is stabilized on a; line of R(56)32-0 transition
I, gas is measured by using home-made Yb fiber comb. All laser and gas parameters are set to
the values that are recommended by CIPM. For averaging time of 445 seconds, the absolute
frequency of the 1064 nm output of the Nd:YAG/l, laser is measured as
(281 630 111 737 442 £ 333) Hz, which is within the limits given by CIPM.

7. Length Measurement using stabilized Lasers and Koster Interferometer

Kdster Interferometer is a system which can measure the length of the gauge blocks with a
resolution of 10° meter. In this system the laser beams from three different stable lasers are
transferred with fiber cables into the interferometer where the gauge block is placed. The
interference fringes observed at the CCD camera are analyzed and the lengths of the gauge



blocks are obtained. By using home-made developed lasers and Koéster Interferometer system,
the gauge blocks with lengths between 125 mm - 1000 mm are measured with an uncertainty of
(45; 0.19L) nm. Recently using this system the EURAMET.L-K1.2011 key comparison project
was successfully completed.

8. Sub-nanometer Displacement Measurement Based on Frequency
Measurement Technique

TUBITAK UME time, frequency and wavelength
laboratory within the European Metrology Research
Programme (EMRP) projects Nanotrace, Sub-Nano
and Angle, developed differential Fabry-Perot
interferometer and laser system and applied to small
displacement and angle measurements with 10 pm
an 1 nrad uncertainty. All displacement and angle
measurements based on beat frequency
measurements technique of stabilized lasers. UME differential Fabry - Perot interferometers
have been compared with the NPL x-ray interferometer generating traceable reference
displacements. The half and one fringe (192 pm) displacements of the x-ray interferometer have
been measured with an accuracy of less than 5 pm with the developed system.

9. EMRP Projects
e Compact and high-performing microwave clocks for industrial applications
e Angle Metrology
e Traceability of sub-nm length measurements
o NANOTRACE-New Traceability Routes for Nanometrology

o EMF&SAR Traceable Measurement of Field Strength and SAR for the Physical Agents
Directive
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