| ToPoLoGICAL

\ LABORATORY OF Microwave generailor bqsed On

e
MOSCOW INSTITUTE
OF PHYSICS AND TECHNOLOGY

/ Quantum o
" PHENOMENA IN II.he JOsephSOn JunC'I'Ion
SUPERCONDUCTING
SySTEMS R. TyumenevV!, D.S. Kalashnikov'2, A.G. Shishkin'2, V.S. Stolyarov!-2

'"Moscow Institute of Physics and Technology; 2Dukhov Research Institute of Automatics (VNIIA)

lac Physical systems used for guantum computing operating
Cs In The microwave range require advanced control
Resonator electronics, and the use of integrated components
: A \ operating at the temperature of quantum devices is
L1 L m potentially beneficial. In [1], a generator operating at a

RFout

consuming.

temperature of 20 mK at a frequency corresponding to
the control of qubits was demonstrated. However, the
manufacturing fechnology of this device is quite time-

In this paper, we consider a generator consisting of a

Josephson junction, a microwave resonator, a shunt

fig 1. An equivalent generator circuit proposed in capacitance and a resistance. The aim of the work is to
determine the range of generator parameters in which
stable generation is possible by numerical solufion of the
system dynamics equations, the manufacture of individual

[1]. The generator consists of a Josephson
junction, a microwave resonator, a shunt
capacitance and a resistance

generator elements, as well as the search for its optimal
parameters using modeling taking into account the

obtained generator elements.

System modeling: lac, Max
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 The calculated system:
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« The criterion for the appearance of AC generation[2]:
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Fig 2. Dependence of the maximum normalized

« The resulting generation power is spent on dissipation
and payload. This requirement makes the condition
above more stringent:

small system parameters

Re(Z;) = —R1

« A small capacity in the system ensures the
appearance of generation. (fig. 2). Generation is
observed when: £ > 0.1,W > 0.2

Manufacturing of individual generator elements::

« The Josephson junctionis a planar SNS. The shunt
resistor is a strip of copper according to planar
technology. (fig. 3).

« The shunt capacitor is a planar capacitor. (fig. 4). The
resulting capacitance: C = 40 pF.

generated AC amplitude (indicated by color) on

+ A coplanar resonator is used as a resonator : Q; ~ g e e TR
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Fig 3. A photo of the sample taken on SEM.

temperature I.(T) allows to find the operating point Enlarged image of the planar SNS

for the generator. (fig. 5).

f(GHz) | C(pF) | Q@ | I (WA) |R (Ohm) |Poye (pW)| B w
Result 8 40 | 20000 | 25 2 15 11.1 | 0.35
Article [1] | 5.3 200 | 6000 10 1 25 583 | 1.08

Table 1. Comparison of the obtained generator characteristics with the results [1]

Fig 4. Left: design of a planar capacitor; right: photo of
the resulting sample
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Fig 5. Dependence of the critical current planar SNS on
temperature [4]

Modeling + manufactured elements :
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Fig 6. The dependence of the AC generation power
(indicated by color) on the actual parameters of the
system. The maximum possible power is highlighted
with ared dot

This work is devoted to the development of a new
design and tfechnology of the Josephson
microwave generator.

 Numerical simulation of the dynamics of the
Josephson generator was carried out and @
program for calculating the generation power
was written.

« Generator elements were manufactured and
measured: planar capacitors, Josephson SNS
junctions and normal resistance.

« The experimentally obtained characteristics of
the elements formed the basis for the search for
optimal parameters for the generator. (fig. 6).

A significant and new result of this work is the fact
that these values can be obtained using planar
technology, which will simplity the manufacture of
the generator compared to the use of multilayer
sfructures.




