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Background

• The performances of numerous systems directly depend on the time or 
frequency reference they use. 

• Most used technology = Quartz crystal oscillators – has its limit – accuracy -
affected by external factors over time

• New technology = Atomic clocks -> most accurate time and frequency 
standards -> Used for international time distribution service or in global 
navigation satellite systems. 

• Drawbacks – Huge size, High cost, Immense Power consumption

• Newest technology - Objective: To develop a portable, battery-powerable, 
stable and cheap time reference :  Ultra small atomic clock



Background – Existing Atomic Clocks

Accuracy:
Timing error:
Size:
Power:
Cost:
Frequency stability: 

Miniature 
Atomic clock

Cs Primary 
standard 

Commercial 
Cs beam clock

Compact 
atomic clock 

10-15
10ns / year
107 cm3
kW 
>1M$ 
10-14

10-13
10μs / year
104 cm3 
100’s W 
50k$ 
Few 10-12 

10-11
0.1μs / day 
102 cm3 
1 W 
2k$ 
10-11

10-10
1μs / day 
10 cm3 
150 mW 
300$ 
10-10



Motivation

Atomic clock has various application such as

• Global Navigation Satellite Systems (GNSS): Enhance accuracy and 
reliability in positioning, especially in environments with weak or 
obstructed satellite signals.

• Telecommunications: Improve synchronization in networks, boosting data 
integrity, reducing latency, and enhancing performance, crucial for 5G 
networks and IoT.

• Military and Defense

• Research: Enable high-precision synchronization in geophysics, astronomy, 
and high-energy physics experiments, facilitating accurate measurements 
and observations.



Principle

• Atomic clock: Lock the frequency of a local oscillator onto an atomic 
transition frequency – Positive Feedback Loop

To make atomic resonator small we need three things

MEMS
Techniques

Coherent 
Population

Trapping (CPT)

VCSELs 
(Laser Source)



Vapor Cell

Objective
To develop a portable, battery-powerable, stable and cheap time reference :  Ultra 
small atomic clock



Created a full fledged GUI application to simulate performance and stability 
of the Atomic Clock with various parameters, including various different 
settings - along with Adit

Done under Mr Poorvendu – Scientist ‘F’ DRDO

Use different papers to collect data and functions, verify experimental results 
with the simulations, Do theoretical study of CPT and other physics involved 
in the atomic clock

GUI Application Features:

• Plot the Absorption cross section and Transmittance of the various atomic 
transitions under different conditions.

• Select line, buffer gas, temperature, pressure and other parameters and 
plot our graph. 

• Calculate FWHM, Area, Peaks, Absolute/Relative frequency. Use different 
GUI setting to under the phenomenon better

• Plot the CPT signal with its FWHM and Amplitude under various conditions 

• Plot different dependent parameters based on independent variables

Our Work



Theoretical
Study



CPT Principle

An atom with 3 energy levels interacts with 2 
optical fields with frequencies ω1 and ω2.

• A coherent superposition of the 2 ground 
states occurs, leading to a transparency when 
(ω1 – ω2) equals the clock transition 
frequency.

• This is used to lock a local oscillator to the 
atomic resonance.



Liouville Equation

Hamiltonian for the lambda system

Source Matrix

‘Lambda system’



Equations obtained by solving the Liouville equation

Algorithm to solve the density matrix elements(population) in steady states



Application
Screenshots















Data
Calibration



Reference 
Pressure broadening and shift of the cesium D2 transition by 
the noble gases and N2, H2, HD, D2, CH4, C2H6, CF4, and 3He 
with comparison to the D1 transition (2010)
Greg A. Pitz, Charles D. Fox, and Glen P. Perram*

Remarks
“The absorbance is also defined as A = σlN where σ is the 
absorption cross section, l = 2.5 cm is the cell path length, and 
n = 1.7 × 1011 cm−3 is the Cs number density at 313 K” 



Reference
Pressure broadening and shift of the cesium D1 transition by 
the noble gases and N2, H2, HD, D2, CH4, C2H6, CF4, and 3 He 
(2009)
Greg A. Pitz, Douglas E. Wertepny, and Glen P. Perram

Remarks
“The cesium D1 hyperfine line-shape pressure broadened by 3 
He from 10–300 Torr in steps of 10 Torr with the assigned F←F 
hyperfine transitions, where r is line center for the D1 
transition.” 
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THANK YOU!
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