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Summary

One type of superconducting detectors, which is based on the
Josephson links is the SIS detectors, (superconductor-Insulator-
superconductor), which has a high sensitivity. In this thesis, the
SIS detector is designed with antenna (spiral and bow tie) to the
frequency of GHz40. In the simulations, the designed antenna
gains, depending on the type of antenna, is between dBil.62 to
dBi4.75 in the frequency of 30 to 40 GHz.
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1. Introduction

Millimeter waves, in the wavelength of 1 to 10 mm,
equivalent to 30 to 300 GHz, are able to transmit through
materials such as cloth, nylon, leather and so on, and also
have a good transmission coefficient in fog and dust.
Therefore, the use of systems that operate in this
wavelength region, may help to see objects hidden under
clothing, in suitcases or even see inside the walls, and also
they can be used in foggy and misty weather and in
landing aircraft, maritime patrol and rescue operations,
aerial and land surveillance. Another application of using
millimeter-wave systems is the detection of cosmic
radiation in the wavelength region, leading to advances in
astronomy affairs. Radar and communication systems, in
this wavelength region have many developments.
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Today, millimeter wave imaging systems are made in
different structures, by using a variety of technologies, and
researches are in progress in scientific and research centers
to use new development and technologies. The most
common technology that is used in commercial products,
mainly in incoming inspections, critical and important
facilities, such as airports are telecommunications receptor
technology. These receptors, which serve as a radiometer,
are primarily using a diode for a signal detector. In this
area, making the diodes with greater sensitivity, at higher
frequencies and their integration is today’s research, which
are ongoing in the academic and research centers.

In this study, the aim s simulating suitable
superconducting detector for imaging in the millimeter
wave region. For this purpose, the necessary steps should
be taken.

2. The Use of Millimeter Waves
2.1. The Electromagnetic Spectrum

Electromagnetic waves are called in various names
according to their frequency (wavelength): RF, millimeter
wave, infrared (IR), terahertz, visible light, ultraviolet, X-
rays and gamma rays. These names are arranged in order
of increasing frequency [11].
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Fig. 1 The electromagnetic spectrum [11]
Table 1: Standard division of waves [12]
freﬂﬂé?\cy fliggume:\r::?/ Name of frequency spectrum In English
300 exahertz 30 exahertz Gamma-ray Y
30 exahertz 3 exahertz Hard X-ray HX
3 exahertz 30 petahertz Soft X-ray SX
33 petahertz 3 petahertz Far ultraviolet radiation EUV
3 petahertz 750 terahertz Near ultraviolet radiation NUV
750 terahertz 400 terahertz visible light Visible
400 terahertz 214 terahertz Near-infrared NIR
214 terahertz 100 terahertz Short wave infrared (terahertz) SIR
100 terahertz 37 terahertz Medium wave infrared (terahertz) MIR
37 terahertz 20 terahertz Long-wave infrared (terahertz) HIR
20 terahertz 300 gigahertz Far infrared (THz) FIR
300 gigahertz 30 gigahertz Ultra-high frequency (millimeter wave) EHF
30 gigahertz 3 gigahertz Very high frequency (microwave) SHF
3 gigahertz 300 megahertz Ultra-high frequency (microwave) UHF
300 megahertz | 30 megahertz Very high frequency (microwave) VHF
30 megahertz 3 megahertz High frequency (microwave) HF
3 megahertz 300 kilohertz Medium frequency (microwave) MF
300 kilohertz 30 kilohertz Low frequency (microwave) LF
30 kilohertz 3 kilohertz Very low frequency (microwave) VLF
3 kilohertz 300 hertz In the audio frequency (microwave) VF
300 hertz 30 hertz Extremely Low Frequency ELF

Physics of electromagnetic waves is a category of Physics
of Waves, which has the following characteristics:

« Electromagnetic waves have the same nature and speed
and only differ in terms of the frequency, or wavelength.



IJCSNS International Journal of Computer Science and Network Security, VOL.17 No.11, November 2017 165

« There is no gap in the spectrum of electromagnetic wave
physics, which means we can produce any desired
frequency.

* There is no determined up or down limit to measure the
frequency or wavelength.

2.2. Features and Capabilities of Millimeter Waves
and Compared with Competing Technologies

2.2.1. The Reaction with the Atmosphere

Terahertz waves resonate by water vapor and absorb to it
[12-13-4]. This phenomenon could be effective in
applications related to astronomy, such as piles of dust and
gas surrounding the galaxies, making the sensors on the
earth move, terahertz telescope, etc. [8]

2.2.2. Reacting with Metals

These waves can react with metals easily. For example, for
copper, deep into the skin in the normal radiation in
frequency of one terahertz is 100 nm, and it cannot enter
into the metal and have an intense reflection, and metal
objects, which reflect largely, can be detected, while, they
are covered with a cloth or paper or things like this that
was mentioned above.

3. Types of Detectors Based on
Superconducting

3.1. Transmission Edge Sensor (TES)

Transmission Edge Sensor (TES) is one of the bolometer
detectors that are made based on keeping a
superconducting thin film in the transition area. With
energy absorption and increasing temperatures of a few
mm Kelvin, the material goes back to normal state by
superconducting state. Figure 2 shows the area for one of
these detectors.
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Fig. 2 The curve of resistance changes depending on temperature, for a
sensitive detector

TES, which is made with two layers of Mo/Au and has
444mK transition temperature [12]. Given that, the
transition area is very sharp, a small change in temperature
creates a lot of changes in resistance and hence, bolometer
is very sensitive. For example, the sensitivity of these

_ -19 s
detectors is reported NEP =3x10 W /+vHz at a
temperature T = 300mk and low thermal time constant

T =25.8 and at temperature T = 190mk. Using a two-
layer deposition of a non-superconducting metal, such as
Au (critical temperature of 0 K) and a superconductor such
as Mo (critical temperature 800 mK), the TES transition
temperature can be determined in the range between these
two temperatures. Superconductor bolometers are usually
biased with a constant current and read with a voltage
amplifier, and the bias power (Pb = 12R), increases with
increased resistance around critical temperature Tc. On the
other hand, increased resistance reduces bias current, and
somehow, reduces the effect of absorbed power. In
practice, for TES detectors, the voltage bias is used. Since,
they have very little resistance; they need for amplifiers
with low input impedance, which for this purpose, the
SQUID! parts, which will be described in the next section.
According to Figure (3), TES detector is coupled to the
SQUID with a coil. Given that, SQUID works in TES
temperature and have the same manufacturing process,
combining them is simple, and thus, they can be built as
the array.
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Fig.3 Biasing circuit of TES detector and low power and low noise
SQUID [12]

3.2. Superconductor — Insulator- Superconductor

Superconducting tunnel links, with the structure of the
superconductor/insulator  /superconductor  (SIS), can
directly convert millimeter wave photons into electrical
current. In this structure, the Cooper pair electrons intake
RF energy of photons and separate to two electrons

1 .Superconducting Quantum Interference Devices (SQUIDs)
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(quasiparticles) and the electrons can make a tunnel from
an insulating layer and create a current. Typically, an
antenna is coupled to these detectors.

3.3. Superconductor Tunnel Junction (STJ)

One method of detecting the photon is using the tunneling
phenomena of superconducting materials. Most electrons
in superconductors at temperatures much lower than the
critical temperature (Tc) are in the form of Cooper pairs
and have 2A energies. Photons with more energy than
hybrid energy can break them and produce quasiparticles
electron. The current is created by tunneling quasi-particle,
in the piece. Figure 4 shows the mechanism of this type of

detectors.
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Fig. 4 Superconducting tunnel detectors link mechanism [12]

The main advantage of these detectors is in the fact that
the production and thermal recombination of quasiparticles
increases exponentially with temperature, and thus, the
noise is very low and thus we can make the detectors with
a quantum vyield of one. The first type of these detectors
was built in 1960 and now, the different structures use this
method of detection, which include:

Superconductor- Insulator — Normal metal (SIN)
Kinetic — Inductance Detector (KID)

Superconducting Quantum Interference Device (SQUID)

4. Theoretical Concepts

4.1. Antenna Independent of the Flat Logarithmic
Spiral Frequency

Flat logarithmic spiral antenna is a kind of wide band
antenna, which the following equations dominate and
equation, one of the logarithmic spiral is as follows:

=a” (17

Or

Int = flna )

Where according to Figure 5:
r = radial distance to the point P on the spiral

8 = Angle relative to the axis x

a = a constant value
Rate of change of the radius angle, according to equation
(1) is as follows:

dr (3)
P— H —
e a’lna=rlna

a constant of the equation (3), with the angle B between
spiral and a radial line from the origin has the following
equation;

dr 1
rdd  tanp

(4)
0= tanf Inr ©)

Ina =

Thus, according to (4) and (5):
Logarithmic spiral of figure (5), is drawn in a way that &

=0,r=1and in@ = 1, r = 2 this situation determines
values and a and [5 . According to (5) and (6),
B = 77/6° and a = 1.247, so spiral form is determined
by the angle [3 that is constant throughout the spiral®.

Fig.5 Logarithmic spiral [2]

1 However, Archimedean spiral is an antenna with wide band,
but it is not considered a fully independent frequency antenna.

Angle B of Archimedean spiral 1 is not defined by the equation r
= af, but it is a function of position on the spiral. But in an
Archimedean spiral, pressed in remote areas of origin, the angle
Bis almost constant, and Archimedean spiral is an approximation
of logarithmic spiral compression.
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Suppose another logarithmic spiral will be creating the
same as the spiral in figure 5 with rotation angle &
relative to it, so that (1) is as follows:

rn = ,ﬂﬂ"ﬁ (6)
And consider two other spirals in the form of:

= a’ " (7)
n=a""™% (8

. T . .
Thus, with § = > rotation, four spirals are created at an

angle of 90 degrees. Connecting a generator or receiver to
the internal terminals of the flat spiral antenna,
independent of Dyson frequency, Figure 6 is obtained.

Fig.6 Antenna independent of the flat spiral frequency [2]

The arrow shows the direction of moving wave outward on
conductors, which leads to radiate a right circular
polarization wave! in outward of a paper, and a left
circular polarization wave, in line with the inside of a
paper. High-frequency limit, the gap d is determined by d
distance between the inner terminals and lower limit of
frequency by the total D diagonal distance, and the

antenna ratio of D/d in Figure 6 is about 25 to 1. If, we
determine the high frequency limit with d:l/lo, and the

low frequency limit with D :’1/2, an antenna with a

bandwidth of 5 to 1 is obtained. The spiral should continue
with a smaller radius, but in Figure 6, the internal
terminals are shown for greater clarity. Half the distance
would result in a doubling of bandwidth.

In practice, it is better to cut gaps in the large metal plane,
and the obtained antenna is supplied with a coaxial cable,
attached to one of the spiral arms, as shown in Figure 7, so
that the spiral acts as a balloon2. For symmetry, an inactive

1 RCP
2 The purpose of the balloon is balanced to unbalanced
transformers

cable can be connected to the other arm.

Radiation from antennas in Figures 6 and 7 is double-sided
and is side radiation compared to the antenna. The pattern
has a wide lobe, in both directions, so, the gain is only a

few dBi. Input impedance depends on &parameters and a

and the terminals distance. Values of input impedance are
188 ohms. The smallest measured amounts are clearly
from the non-zero spiral thickness. According to Figure 6,
the radial k in each arm, for example, on spirals 2 and 3,
will be obtained by dividing equation (8) with (7):

Kl p=med (9

s

We have § = ”/2 for antenna in Figure 6, then:

K2 n Tz (10

"

The inner conductor is connected to the other
arm

Fig. 7 The antenna independent of cut flat spiral frequency in a large
metal plane [2]

4.1.1. Short Electric Dipole

Since each linear antenna can be considered as an array
with a large number of very short series conductors,
examining radiative properties of short conductors is
concerned. Knowing the radiative properties of short
conductors, we can study long conductors, which are used
in practice.

the short linear conductor is usually called the short dipole.
In the following topics, short dipole, has always limited
length, even if it is very short. If the dipole has limited
length, we call it unlimited small dipole.

First, we consider a short dipole, as Figure 8 (a). Length L

is very small against the wavelength (L < A). Planes

across the capacitor create the capacitive load. These
planes and short length make the flow-rate will be uniform
and equal to I throught the dipole. The dipol can be fed
with a balanced transmission line, as shown. We assume
that, transmission line has no radiation and, therefore, its
existence can be ignored. Radiation from the final plane is
assumed negligible. The d diameter of the dipole is small
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against its length, (d<< L). So, in this analysis, we can

consider the short dipole as in Figure 8 (b). In this figure,
there is a uniform flow | on a thin semiconductor antenna
with the length L, and g point loads on its two ends. Load
and flow are connected together as follows.

dq / (11)

E—

Ending planes that are load for antenna and have little effect on the
pattern transfer line

—

}

>
b n)
|
[E——
N |

Fig. 8 (a) Short dipole antenna and (b) its equivalent [2]

4.1.2. Short dipole fields

Now, we continue to find the field around the short dipole.
Suppose that, dipole, with the length L is on the axis z, and
the center is as shown in Figure 9 in origin. In this figure,

E, Eg and E,components of the field are shown. We
assume that, the surrounding of the dipole is air or vacuum.

Fig.9 The relationship between dipole and coordinate system [2]

Fig.11 The short dipole relationships for r >4

Working with an antenna and radiator systems is very
important during releasing the time. So if a flow passes the
dipole in Figure 10, the effect of this flow is not felt, at the
point P, on impulse, but the time equals to the distance r
divided by the propagation speed is necessary to measure
this effect. Here, we describe it with the name of delay
effect. So instead of writing the | flow, as below:

e iwt (12)

IZIO

The immediate release is associated with the effect of flow,
and we consider the release time (delay), in a way that,
Lorentz has done and write:
[1]= Ioeiw[t_(rfc)] (13)

And [I] is called the delay flow. Specifically, delay time
T/ results in phase lag:

Wry. =2 mfr/c
360° L = 360°t/T

Radian = (14)
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Where T = 1/ f the period of one cycle and f is frequency.
Equation (14) is the expression of the fact that, a change,
at time t, at a distance r from a flow element, is a result of
changes that have happened in time t- (r /c) in the flow.
The time lags r /c are the time required to publish changes
to the distance r, ¢ speed of light.

We can express the electric and magnetic fields in terms of
vector and scalar potentials. Since we are interested in near
and far dipole fields, we should use delay potentials, which
are statements include t-r /c. For dipole in Figure 9 or 10,
delayed vector potential of electric current has only one

component, that isA ;. The value of this component is:

L
ko (20 (15)
2_411'—7155 z

Where [I] is the delay flow and it is as follows:
[=Ie iw[t—(5/)] (16)

In (16) and (17):
Z = Point distance on the conductor

Iy = Peak of uniform flow on the wire

Lo = Permeability of free space
If the distance to the dipole will be much larger than the
length of the dipole (r >> L) and the wavelength will be

much larger than the length of the dipole (A\>> L) s =r

and we can ignore the field phase shift caused by different

sections of wire. In this case, Integral (16) can be

considered constant and (16) can be written:
HOLfoeiw[t—(T/c)] 17

- Amr

Delay scalar potential, V of a load distribution is as
follows:

z

1 (18)

41T Eg

Where [ p], delay load density is as follows:
[p]:poeiw[t_(sjcj] (19)

d T = Infinit small sized volume element

&= Permittivity of free space

Because in the study dipole, the zone containing endpoint
loads are in Figure 8 (b), (18) will be as follows:
1 la] [4] (20)

s Gl

47380 51 52

And
[al=([dt = 1, few[t_(s/c”dt = J% (21)
Placing (21) in (20) gives:
4 pilt=(1/c)] (22)
- AT e, jw 51 i
lwlt=("2/c)]
— I

52

According to Figure 11, for r>> L, we can consider the

lines that are connected to the P point from the two ends of
the dipole, parallel, so:
(23)

5; =r—=cosf
2

And

(24)

s, =r+—=cosf
! 2

By placing (23) and (24) in (22), we can show that the
field of an electric dipole are:

IoL cos geiwlt-C"/c1  (25)

Er = 2me,
i 1
cr? jwr3)
_ Il sin gei@lt=C/c)] (26)
E = 21,
jw 1 1
E E jwr3)

=1 Czeo,uo is used in obtaining (25) and (26).
Now, we focus our attention to the magnetic field, which
can be obtained of Curl A, as follows:

¥ sinB)dy  0(dg) . ] (27

VXA = [
rsing a8 do rsin @
[ 94, A(r sin H}A,P] + @[ d(rdg) 6:—1,]
dy ar r ar a8

SinceA(p =0, the first and fourth sentences (27) are zero,

and since A;- and Ag are independent of ¢, second and
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third sentences (27), are also zero. So, two sentences are

remained and ¥V X A and as a result, H only has ¢
component. So:

|H| = H,, = loksimoet (/o (9
41

jo 1

re + TZ)

Hy = Hy =0 (29)

Therefore, the dipole fields have only three E., Egand
H, components. E,, Hy and Hg components are zero.
If r is very large, sentences 1/r?and 173 in (25), (26)

and (28), can be ignored against the sentence 1/r. So the
far field E, is negligible and in fact, only two field

components, Eg and H,remains which include:

jwloL sin 8eiwlt=C7/0)] 0)

Eq ATEgCr -
LOBL_in g elwlt=C70)]
ATTEGCT

__ jwlgLsin geiwlt—C"/o] G
H(p o 4ncr -
J—% sin @ ei@lt=C/0)]

The ratios Eg to H, in (30) and (31) are as follows:

Eg 1 (32)
20— |B=37670
Hyp &oC £o

That is called the intrinsic impedance of free space and it
is the pure resistance.

Comparing (30) and (31) shows that, in far fields, Egand
H(p has the same phase. Also, we see that the field pattern

of both is matched withsin 8. The pattern is independent

of@, so, spatial pattern is obtained from the rotation of
pattern in figure 12 around the dipole axis. According to
near field statements in (25), (26) and (28), we see that an

electric field has two components, for small r, Eg andE,

that both have a phase difference with a magnetic field 90°,
like fields inside the resonator, at average distance,

Eg and E,. could almost have 90 ° phase difference,
6 r

therefore, the total electric field vector rotates in a plane
parallel to the release direction and the orthogonal field

phenomenon occurs. For componentsEg andH(p, the near

field patterns are similar to the far field patterns and are
matched withsin @ 12. But the near field pattern E,. is
matched withcos @  Spatial patternE),. as well, will be

obtained from the rotation of this pattern around a dipole
axis.

Fig.12 (a) The near and far field patterns, short dipole components
E65H, and (b) near-field pattern for E6 component [2]

5. Simulation
5.1. Designing SIS Link
5.1.1. Obtaining SIS link

As mentioned before, if the link length is smaller than the
Josephson penetration length, it is said to be short
Josephson’s link. In this dissertation, manufacturing
constraints caused the minimum dimensions of the SIS
link will be 40 micrometers in 40 micro meter and by
considering these considerations, we determine the value
of critical current density.

©o=2.07% 1077 Gcm? (33)
to = 1.256 x 107° 1\’/A2
d' = 160nm

Po

= |5 . = 6254
2mpojcd Je /

1.
J cm?

According to the experiences of the manufacturing in
superconducting lab, it is possible to make a link with
certain critical flow density.

5.1.2. Determine the Specification of SIS Link

As shown below, the parameters of an SIS link, which are
important in the design, include G, and C; and these
parameters depend on physical characteristics and
geometry dimensions of the link. The link capacitor (C;)
can be obtained from the following equation.
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A (34)
G=¢7
Where, A is cross- section of the link ande = £4&,- is the
coefficient of permittivity index and d is the thickness of

the insulating layer. Also, G,is obtained from the
following formula

G, (35)

= Agn

Where g, is the conductivity of the insulation, in the area
and depends on the material of superconducting and the
type and the thickness of insulation and the process of
making link and there is no certain formulation, for it. In
order to obtain it, for an identified insulating material and
superconductivity, it can be measured in a single
manufacturing process, for different thickness of the
insulating layer, and use it as a reference for the design.
The ability to detect SIS link is due to the nonlinear
properties of the flow resulting from normal electron
tunneling in this link. CjCapacitors spend part of link flow
on charging and discharging of the link and do not attend
in the tunneling process, thus for having an ideal SIS link,
the value of the capacitor should be zero, therefore, for
having detectors, with more bandwidth, links with fewer
capacitors should be used, but due to constraints on the
construction of the lower dimensions that we can build, the

dimensions with the width and length of 40um, can be

made and we design with these dimensions in this
research, as a result, we have:

£o = 8.85x 10712 (36)
m

& = 40&

um X 40um = 1600um?

A=40

d =2nm

A
C; = eoty 7 = 282PF

The amount ofG,, is usually in the SIS detectors between
0.0127t and 0.1271 that in this study, according to the
values obtained in the laboratory of superconductivity,
approximately 0.121 is obtained.

5.1.3. Selecting Bias Voltage for SIS Link

In this link, the response of the flow in the ideal state in
hwg . hws
S < Vo <V, is equal to -~ and

the distancel{g —

. . hws . hw
in the distance 1V, <V, <V +TS is equal - es,

which is equal to its quantum limit, and outside of this
distance, the value of this quantity is zero. For a real link,
the response of the flow is in the form of the curve, thus,

for optimal performance, the bias voltage link must be
h .
selected approximately equal tng T %, and otherwise,
responding SIS link flow, which has a direct effect on the
detection gain, will be low for the desired frequency.
Since, the impact noise is as the most important
component of the noise in the SIS link, from the dc flow of
the link and the dc flow of the link increases suddenly with

an increase in dc link voltage of the amount oﬂ{g, S0, two

h

of the above selects thel/;, — 2“;5 amount. [8]
h=1.05x10734.s (37)
f =35GHz
e=1.6x1071°C
V, = 2.9mV

h
V=V, — 22 = 2.8mV

2e

5.2. The Design of Antennas

Now, due to the above conditions, we design the antennas,
that we design and simulate two antennas (Spiral Antenna
and bow tie Antenna).

5.2.1. Antenna Independent of the Logarithmic Flat
Spiral Frequency

Table 2. Overall specifications of spiral antenna [4

Quantity Typical Minimum |Maximum
Polarisation Circular - -
Radiation pattern Bi-directional - -
broadside lobes
Gain 5 dBi 4 dBi 6 dBi
Performance 5:1 151 >10:1
bandwidth (40 %)
Complexity Medium - -

The lowest radius of the spiral part is determined by the
highest frequency, and the maximum radius is determined
by the low frequency of the antenna. For frequencies of 30
to 40 GHz, the radius of the antenna is calculated as
follows.

c 3 x 108 (38)
™= =
U 2m [ererrfmax 2MN2.2 X 40 X 10°
= 0.8mm
c 3 x 108 (39)
T, = =
2 2m [Ererrfrin 2mN2.2 X 30 X 10°
=1.07mm

The number of rounds can be obtained from the following
formula
N=2Th = 27208 _ g 57 (40)

4w 4x0.25

In practice, ryradius should be lower than the amount



172 IJCSNS International Journal of Computer Science and Network Security, VOL.17 No.11, November 2017

above, and thers, radius should be more than the obtained
amount that as a result, it will increase the number of

rounds. By selecting 14 =.011lmm and 1, =

7.765mm and the number of 2.16 rounds, the following
results are obtained.

Fig.13 View of Designed Spiral
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Fig.14 Designed spiral pattern in the frequencies 30, 35 and 40 GHz

5.2.2. Designing the bow tie antenna

Bow antenna is the modified form of the dipole antenna
[6] that is often appropriate for wide band frequency
interval without increasing complexity, and given the
simplicity, it has a logical performance [10]. This antenna
is generally used in the UHF range to the millimeter wave
range, and also, the antenna can be used in arrays. The
bow tie antenna is not sensitive to small changes in
parameters and therefore, it improves the manufacturing
errors. This antenna has a good gain between 1 dBi to 4.5
dBi with the broad bandwidth. A bow tie antenna is an
omnidirectional antenna on H plane. Its broadband
performance, in principle, is limited by its pattern
performance, so that the pattern is ideal in frequencies
close tofy,i, and 2f,,.;» and in the frequencies of 3f,,;, and
more, the pattern of the antenna will be non-ideal, but a 3:
1 antenna can be designed [10-7] and due to the limited
operating frequency of this research, we use the antenna in
this dissertation. For designing an antenna with suitable
gain, we design the antenna in transmission mode and
calculate its gain.

Table 3. The general specifications of bow tie antenna [1]

Maximum | Minimum Typical Quantity
- - Linear Polarisation

- - Omnidirectional Radiation

in a plane pattern
4.5 dBi 1dBi 4 dBi Gain

31 15:1 2:1 Performance

bandwidth
- - Simple Complexity

According to what was mentioned, as shown below, we
design an antenna with flare angle of 60 degrees, 3.17 mm
arm's length, feed gap distance of 83 micrometers, and
feed width of 100 micrometers that the results of the
simulations are as below.

) of
= -
Sf

l— La —=

Fig.15 View of the bow designed in the first stage

Table 4. The specification of the designed bow tie in the first stage

Name | Description Value
La Arm length | 3.177 mm
WF Feed width 100 um
Sf Feed gap 83 um
0f Flare angle 60 °

The pattern of the antenna in the frequency of 30 GHz, 35




IJCSNS International Journal of Computer Science and Network Security, VOL.17 No.11, November 2017 173

The simulation results are matched with what was
mentioned in the theory, and this antenna, with this

GHz and 40 Ghz is in the form below:

¥ dBi

3.78 specification, has a good gain.

2.13 . . . - - -
B.916 SIS link dimensions are 40 micrometers in 40 micrometers,
:fj: and according to the gap distance in the obtained design of
g these dimensions is smaller than the gap distance.
02 Therefore, in the stimulations, we consider the limitation

of the size and consider the gap distance 40 micrometers,
and according to it, we perform the simulations that the
antenna with the following characteristics is obtained.

Farfield Directivity Abs (Phi=90)

Phi=270

Phi= 90 30 30
60

90 Farfield (E=30GHz)

Fig.17 View of the designed bow ties in the second stage

Frequency = 30 Table 5. The specification of the designed bow tie in the second stage

180 Main lobe magnitude =  2.88 dBi Name Description Value
} Main lobe direction = 0.0 deg. L Arm | th 3177
Theta / Degree vs. dBi Angular width (3 dB) = 64.3 deg. a rm er?g : mm
Wf Feed width 40 pm
Farfield Directivity Abs (Phi=90) g’]; Fllz:feda%z‘ie 4;)5”?1

Phi= 90 30 phi=270

60

s The pattern of the antenna in the frequency 30 GHz, 35

GHz and 40 GHz are in the form below.

0 90  fadfield (F=35GHz) ¥ dBi
20 3.81
120 e 120 1.69
150 150 Frequency = 35 8.752
180 Main lobe magnitude = 3.3 dBi -2.31
Main lobe direction = 0.0 deg. -13.9
Theta / Degree vs. dBi Angular width (3 dB) = 57.6 deg. =E5:h
-37
Farfield Directivity Abs (Phi=90) W

30 Phi=270

60

Phi= 90
60

30

g farfield (=40GHz) Farfield Directivity Abs (Phi=90)

Frequency = 40

Main lobe magnitude = 3.78 dBi
Main lobe direction = 180.0 deg.
Angular width (3 dB) = 51.6 deg.

90 farfield (=30GHz)
;20

Theta / Degree vs. dBi

120
Frequency = 30

Main lobe magnitude = 3.01 dBi
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 63.8 deg.

Fig. 16 Bow tie pattern designed in the first stage at frequencies of 30, 35
and 40 GHz

Theta / Degree vs. dBi
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Farfield Directivity Abs (Phi=90)

Phi=z 00 30 30

Phi=270
60, /X |\

090 farfield (F=35GHz)

Frequency = 35
Main lobe magnitude =

150 150

3.37 dBi
180

Main lobe direction = 0.0 deg.

Theta / Degree vs. dBi Angular width (3 dB) = 57.1 deg.

Farfield Drectivity Abs (Phi=90)

phi=90 30 P 30 phi=270

60

90 farfield (F=40GHz)
0

Frequency = 40
180 Main lobe magnitude =  3.66 dBi
Main lobe direction = 0.0 deg.

Theta / Degree vs. dBi Angular width (3 dB) = 50.9 deg.

Fig.18 The designed bow tie pattern, in the second stage, in the
frequencies of 30, 35 and 40 GHz

According to imposing the limitations, the simulation
results are matched with what was said in theory, and this
antenna, with this specification, has a good gain.

The location of the sample in Cryocooler system used to
test the samples in 4 K as well as its Fixture structure,
which can be seen in the following figure, determines

limitations for the sample size and the location of the
connectors?.

Figure 19 A view of the fixture structure

Due to the limitations mentioned and considering that in

the simulation according to the figure? , the following
results were obtained

1 Pad
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Figure 20 View of the designed bow tie, in the third stage

The pattern of the antenna in the frequency 30 GHz, 35
GHz and 40 GHz are in the form below.

! 2090 farfield (£= 30GHz)

Frequency = 30

150 150 Main lobe magnitude = 1.62 dBi
180

Main lobe direction =  20.0 deg.
Angular width (3 dB) = 94.6 deg.

Theta / Degree vs. dBi

Farfield Directivity Abs (Phi=90)

Phi=90 30 30

Phi=270

: 230 farfield (£=35GHz)
120
Frequency = 35
150 180 150 Main lobe magnitude = 2.32 dBi
Main lobe direction = 0.0 deg.
Theta / Degree vs. dBi Angular width (3 dB) = 79.8 deg.

Farfield Directivity Abs (Phi=90)

Phi= 90 30 30 phi=270

60 i 60
90 90 farfield (=40GHz)
0
120 120
Frequency = 40
150 180 150 Main lobe magnitude =  4.13 dBi
Main lobe direction = 0.0 deg.

Theta / Degree vs. dBi Angular width (3 dB) = 42.2 deg.

Figure 21 The designed bow tie pattern on the third stage at frequencies
of 30, 35 and 40 GHz
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As it is shown in the figure, the viewing angle has
decreased in the frequency of 40 GHz, but given the
proper gain, this problem can be ignored.

6. Conclusion

Logarithmic spiral antenna with dBi3-dBi4.75 gain was
designed and simulated at frequencies (40-30) GHz and
the gain can be matched with the values that were
discussed in theory, and, the antenna can be used.

Bow tie antenna with the gain from dBil.62 to dBi4.13
was designed and simulated at frequencies (40-30) GHz
and this gain can be matched with the values that were
discussed in theory, and the antenna can be used.

6.1. The Future Suggestions

- Given the wide frequency band of spiral antenna and the
ability to detect SIS link, in GHz frequencies, to the extent
1000 GHz designing the SIS detector should be done in
this frequency range.

- Analysis of analytical methods of transmission lines,
antennas, filters and other microwave devices that
superconductors have been used in them rather than metal.
This could, eventually, lead to an appropriate application
for analysis and the detailed design of the superconducting
microwave devices.

- Optimal design of a complete milimeter and
submillimeter wave detector system of superconducting,
such as different combinations in the configuration of a
detector, integrated superconducting (ie series and parallel
combinations of SIS links).
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