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Abstract 

 
In this work, microwave E-field strength measurement of a 
broadband stripline at 13.433 GHz has been reported using 
Rydberg atom-based EIT-ATS quantum phenomenon. It is 
based on the interference created by microwave and optical 
photons between the Rb85 transition states. In this 
technique, microwave photons interact with the Rydberg 
states of Rb85 atoms, which are very sensitive to very weak 
electric fields. Here, the E-field generated by a stripline is 
measured using an SI traceable atomic sensor by varying 
the power from microwatt order to mW order. For RF 
transition between the Rydberg atoms, instead of horn 
antenna use of stripline is proposed due to homogeneity in 
field uniformity, minimum losses and minimum 
interference to environment. E-Field strength measured in 
term of Rabi split could be more quantified using stripline 
due to minimum transmission loss, and higher field 
uniformity and broadband behavior. The reported results 
show linearity between the square root of power applied 
and the measured E-field with R-square value of 0.99861. 
The minimum detected E-field generated by the stripline is 
1.62mV/cm corresponding to a power of 5μW. This 
broadband strip line can be used as Local oscillator (LO, 
from 10 GHz to 50 GHz) in a Rydberg atom-based wave 
mixing application due to its homogeneous and accurately 
defined field values instead of any free space radiators. 
This study will enhance the sensitivity of SI-traceable 
Rydberg atom-based E- field sensors and Rydberg atom-
based receivers. 
 
1. Introduction 
 
The exploitation of quantum phenomena and related 
technologies for enhancing sensing and measurement 
techniques has been under process since the early 20th 
century. Great progress has been reported worldwide for 
the measurement of length, time, frequency, and many 
more based on atomic quantum standards [1]–[3]. The 
accuracy of the atom-based quantum standards relies on the 
accuracy and stability of quantum systems such as atoms 
and molecules. In 2019, the International Bureau of 
Weights and Measures (BIPM) decided to redefine all the 
basic SI units in terms of the physical constants which 
describe the natural world. From that time there is a 

continuous knock from metrological laboratories all over 
the world to make all measurements traceable to SI units or 
fundamental physical constants. 
Besides, lots of progress in atomic-based standards, till 
date we depend on conventional antennas for the 
electromagnetic measurements such as antenna 
characterization, propagation measurements, antenna 
factor, etc. These conventional antennas need to be 
calibrated time to time which is itself like a chicken or egg 
dilemma. So, to remove the long and complex chain of 
traceability path and to increase the precision and accuracy 
in the sector of electromagnetic measurements and 
communication work has been started by many researchers 
towards the development of Rydberg atom-based E-field 
sensor [4]–[7]. Microwave/Rf photon can excite transition 
to atoms only when they are excited to high enough energy 
state (Rydberg state) [8]. The Rydberg states have high 
electric dipole moment and hence couple with very weak 
Rf/microwave E-field. Prior work in atom-based RF E- 
field measurement, detection of phase modulated signal 
such as BPSK, QPSK, QAM signals, etc., has been 
performed by using two or more horn antennas [7]. One of 
horn antenna used of reference field referred as local 
oscillator (LO) field (causes EIT-ATS splitting) and other 
for Rf fields (referred to as SIG and is the field whose phase 
and angle of arrival is desired). 
In this paper, for the first the time stripline has been used 
for demonstrating the Rf E-field sensing using the Rydberg 
atoms. For this we have used the Electromagnetic Induced 
transparency (EIT) [9] and Autler-Townes Splitting (ATS) 
[10] quantum phenomenon to sense the electric field. We 
have emphasized the broadband nature of our strip line 
from 10 GHz to 50 GHz and shows that E-field measured 
by using stripline shows linearity with the power applied, 
showing its capability to be used as LO in Rydberg atom-
based sensors and receivers.  
 
2. Experimental Setup 
 
The experimental set-up and schematic to measure the 
microwave E field amplitude of the stripline is shown in 
Figure 1. The atomic antenna which is nothing but a 75 mm 
long cylindrical vapor cell containing Rubidium atoms is 
used to measure E field amplitude of strip line. The atomic 
antenna is placed inside the broadband homemade strip 



(b) 

line. The S11, S21 and E-field uniformity of designed strip 
line is shown in Figure 2.  The value of S11 below -10 dB 
from 10 GHz to 50 GHz shows the broadband nature of 
strip line. Here we have targeted only one transition i.e., 
13.433 GHz but many for transitions can be targeted 
between 10 GHz to 50 GHz due to broadband nature.  The 
microwave field to be measured is radiated by strip line by 
using Rohde & Schwarz SM100B. This microwave field 
interacts with the Rb atoms of atomic probe, exited to the 
Rydberg state by using two counter-propagating linearly 
polarized laser fields. The probe laser beam of 780.24 nm 
from Toptica DL Pro is used to excite the Rb atoms from 
5S1/2 to 5P3/2 state and corresponding absorption spectra is 
observed on Photodetector. This probe laser is then locked 
at this transition by using Saturated Absorption 
Spectroscopy technique by using Toptica TOPAS 
software. 
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   (c) 
Figure 1. (a) Schematic of experimental set-up of E filed 
amplitude measurement of strip line, (b) Energy levels of 
Rb85 atoms involved in E-field measurement, and (c) 
experimental set-up  
 
Thereafter, another 480.969 nm coupling laser beam from 
Toptica TA-SHG-Pro counter-propagating to probe beam 
is passed through vapor cell. The coupling laser is scanned 
to excite the Rb atoms from 5P3/2 to Rydberg 54D5/2 state. 
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Figure 2. (a) Simulated E-field pattern of stripline (b) S11 
and S21 -parameter analysis of stripline 
 
When this coupling laser frequency matches the exact 
resonance frequency, a fraction of atoms which were 
earlier absorbing the probe beam, now excited to the 
Rydberg state, thereby creating a narrow transmission 
window inside the probe absorption spectrum, as depicted 
in figure 3a. This transparency created by coupling beam is 
known as Electromagnetically Induced Transparency. The 
coupling laser is scanned in such as way that we can get 
two EIT peaks, so that we can calibrate time scale of 
oscilloscope against the frequency spacing between two 
EIT peaks. The smaller peak corresponds to the 54D3/2 
Rydberg state and larger peak corresponds to the 54D5/2 
Rydberg state and the energy difference between these two 
states is 73.179 MHz calculated by Alkali Rydberg 
Calculator [11]. 
 
The introduction of MW field radiated by strip line, further 
excites the Rb atoms between two neighboring tunable 
Rydberg states i.e., 54D5/2 state and 55P3/2 state. The 
interference of microwave field with Rydberg states 
induces a split in the EIT window as shown in figure 3b. 
This split in EIT is called as Autler-Townes splitting 
similar to the phenomenon of ac stark shift. The EIT regime 
is the most sensitive regime for sensing of resonant or near 
resonant incoming RF/microwave radiations. Any change 
in the resonant or near resonant microwave field can be 
observed and measured through optical readout of probe 
beam using photodetector and recorded on the 
oscilloscope. 
The change or ATS splitting seen in EIT signal can be 
utilized to calculate the amplitude of incident microwave 
field by using the relation 
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where ħ is the Planck’s constant,  is the splitting in the  
transmission peak, E is the amplitude of incident 
microwave field and  is the atomic transition dipole 
moment between microwave driven Rydberg states of 
Rb85. 
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Figure 3. Rydberg EIT spectra of Rb85 atoms without 
microwave (a) and (b) with microwave power of -16 dBm 
at 13.433 GHz. 
 
The term ( ) accounts for the doppler mismatch between 
the probe and coupling fields and is taken as 1 when 
coupling beam is scanned. In our case we are scanning the 
coupling beam so this term is taken as unity. 
 
3. Measurement Results & Discussions 
 
The experimental probe transmission signal by scanning 
control laser, in the presence of resonant microwave is 
observed to see the microwave effect on Rydberg atoms. 
Figure 3 shows the splitting of EIT signal at various power 
levels by varying the power from Rohde & Schwarz 
SM100B signal generator. It can be observed from figure 
3a that when microwave was off now splitting of EIT is 
observed. But when a microwave frequency resonant to 54 
D5/2 state is applied ATS splitting of larger peak occurs and 
spacing (Δf) between the outermost splitted peak increases 
with increase in microwave power as shown in figure 4. 
 
One can also observe from figure 3c that as the microwave 
power increases a third resonance peak also appears 
between the earlier splitted ATS peaks. This third peak 
becomes more prominent as microwave strength further 
increases. This change in the spectra is the characteristic of 
transition from ATS to DATS on increasing microwave 
strength [12].   
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Figure 4. EIT signal versus control laser detuning (Δc) set 
to resonance frequency of 13.433 GHz at various 
microwave power levels (a) -23 dBm; (b) -21 dBm; (c)  
-13 dBm; and (d) -9 dBm. 
 
In our measurement on E-field we vary the microwave 
power level on the signal generator from -23 dBm (5μW) 
to 3dBm (1.9 mW) and measure the frequency spacing Δf 
between the two outermost ATS peaks at all these power 
levels. This Δf is then utilized to get E-field strength by 
using equation 1. The value of resonant transition dipole 
moment between 54D5/2 state and 55P3/2 state calculated 
using the alkali Rydberg calculator [11] is taken as 
5831.650ea0 where a0 is the Bohr atomic radius and e is the 
elementary charge. The calculated value of frequency 
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spacing and E-field strength at 13.433 GHz microwave 
frequency for a range of power levels is given in Table1. 
 
Table 1. 
 

Power levels 
(dBm) 

Δf 
(MHz) 

E-field 
Amplitude 

(V/m) 
-23 12.060 0.162 
-21 17.121 0.230 
-13 46.462 0.623 
-9 74.089 0.993 

 
Figure 5 shows the relation between the calculated E-field 
strength and the power applied to stripline connected to the 
signal generator. From this plot we observe that power and 
E-field amplitude follows the exact relation as predicted by 
the theory with a R-square value of 0.99861. 
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Figure 5. E-field sensed by atomic probe versus power 
given to strip line from signal generator. 
 
5.  Conclusion 
 
The results in this letter illustrate the capability of 
indigenously designed stripline to generate quantum AT 
splitting of EIT signals using Rydberg atoms. The 
homogeneity of E-Field distribution across Stripline is 
evident in the linear behavior of Quantum E-Field 
measurement with applied power. The results show the 
capability of stripline to be used as LO (due to broadband, 
linearity and ultra-low sensitivity and minimum 
transmission loss) in Rydberg atom-based mixer for 
sensing of phase modulated signals of incident 
Rf/microwave field. Due to the above-mentioned 
advantages proposed technique could be used as primary 
method for free space probe calibration using Rydberg 
atoms.   
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