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Introduction
• Tree-dimensional superconducting resonators are less sensitive to material

losses, and, thus, capable to have high quality factors (e.g., > 109) [7],

without need of special requirements in fabrication process and material

purity.

• However, two-dimensional superconducting resonators (i.e., made of same

materials) are much more sensitive to defects in their surfaces due to non-

TLS quasiparticles and TLS Oxides that significantly decrease their quality

factors.

• Moreover, SAM molecules are effective solution to this problem, since, in

addition to producing high quality factors, they produce more stability in

such systems because of the observed less variation in the quality factors

over the same superconducting chip.

• Such high internal quality factors that are obtained (i.e., > 1.8 millions at

single-photon excitation power!) are consistent and reproducible in our

fabrication process.
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• A new paradigm of information processing based on the laws of quantum 
physics has triggered intensive research into studying physical systems that 
can be used as building blocks of future quantum processors.

• Remarkable progress towards realizing quantum information processing
elements has been achieved by using both natural and artificial atoms as
Qubits, and in arranging them into more complex systems.

• Superconducting co-planer waveguide (CPW) microwave resonators are
among the best to change/read the state of Qubits because of their excellent
coupling. This coupling is the base of forming a circuit quantum
electrodynamics (cQED) architecture, which is a solid-state analogue of the
cavity QED approach used to study the interaction of natural atoms with
photons [3].
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• The resulting improvements in performance of superconducting resonators
by introducing SAM in fabrication process, directly improve small coherence
times in Qubits and superconducting devices which significantly limit their
performance, and, therefore, it can help in the operation of fully-
controllable quantum computers.

Figure. 19  ‘ Blizzard ‘ is  one of the advanced testbeds for scalable quantum 
computing that can operate with up to 256 qubits at temperature down to 10 mK

Figure. 3  8-Qubits connected to superconducting resonators for controlling their 
quantum states that allow direct processing of information 

Figure. 18   Sample A: original sample. Sample B: sample with SAM at Nb-Si 
interface. Sample C: sample with SAM in the gap 

Simulation: ideal performance of the chip

• Circuit based artificial atoms, known as superconducting Qubits, are
engineered quantum systems that have number of advantages in comparison
with their natural counterparts that are primary candidates to be the building
blocks of quantum processors [1].

• Superconducting Qubits can be realized as simple LC oscillator with non-
linear Josephson Junction (JJ) to provide number of advantages such as a
controllable transition frequency between |0 > & |1 > quantum states [2].
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• Two-level systems (TLS) have been identified as critical contributors limiting
performance in superconducting qubits and resonators [4, 5]. Due to such
limits cQED devices cannot be tested for many possible technological
applications because low quality factors of resonators play important role in
small coherence times in Qubits.

• T1: Energy relaxation time & T2: Dephasing time; time necessary to sustain the
desired quantum state from being collapsed to a single classical state.
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Figure. 1  Coupling between Qubits and CPW resonators

Figure. 2  Magnitude and phase with different quality factors of resonant systems

• Quality factor Q is a measure of the performance of superconducting CPW 
resonators  and, thus, a measure for their capability to control Qubits.  

Qi: Internal dissipation | Qe: External coupling | Q: Total contribution
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Experimental Results

• Numerical simulations of superconducting CPW resonators help 
in investigating variety of possible designs and understanding 
their performance in presence of undesired structures of 
amorphous dielectric layers on surfaces and interfaces.  

Figure. 4  10 mm by 10 mm chip of Nb resonators of similar dimensions but 

different positions on 674 µm thick Si substrate same as used in the 8-Qubit chip

Figure. 5  Variation of internal quality factors as function of resonant frequency 

for different dielectric losses

• The presence of two-level systems (TLS) dielectric layers can be 
simulated in order to understand their relative significance at 
different regions.  
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• Adiabatic Demagnetization Refrigerator (ADR) is used to perform measurements at temperature of 100 mK with different powers of 
microwave signals down to a single-photon excitation power (-65 dBm), used to excite the resonators at different resonant frequencies

• The internal quality factor at specific resonant frequencies for the eight resonators in three samples are fitted as function of excitation-
power of microwave signals according to the following physical model [6]:

Figure. 10  Internal quality factor as function of average photon number   Figure. 12  Internal quality factor as function of average photon number

2nd Resonator 7th Resonator

Figure. 11  Resonance signal at (-65 dBm) and at 100 mK of R2- sample A 
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Figure. 6  Electric field distribution at a specific resonant frequency

Figure. 7  Effect of  TLS on internal quality factor by introducing dielectric 

loses at different regions

Figure. 8  SAM molecules at different surfaces and interfaces  

Figure. 9  Structure of  SAM molecules

SAM

• Self- assembled monolayers (SAM) of organic molecules are used 
at specific surfaces and interfaces to prevent the growth of 
undesired TLS Oxide layers.  

Figure. 13  Resonance signal at (-65 dBm) and at 100 mK of R7- sample A 

Figure. 14  TEM partial image of standard process
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Figure. 17  TEM partial image of standard process with SAM
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Figure. 15  XPS partial image of standard process
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Figure. 16  XPS partial image of standard process with SAM
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