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Abstract. In the present work Aperture Coupled Feed (ACF) microstrip patch antenna for
5G communication is proposed. The proposed antenna has a very compact size of
2.20gx2.20gx0.3Ag (mm?), it is printed on Rogers RT Duroid 5880 with € =2.2. The antenna
having two vertical layer of 0.8 mm separated by air gap of 0.035 mm. The upper edge of sub-
strate has a circular ring patch working as radiator whereas bottom having no metallization. Up-
per portion of lower substrate has plus shape slot and at bottom is a rectangular feed line acting
as feeder to patch antenna. The antenna operatable from 36.84 GHz to 46.78 GHz and having an
operating frequency of 38.40 GHz. The overall B.W% achieved is 25.91% and peak gain ob-
served to be 7.32 dB. The measured results are in close agreement with the simulated one. Prior
to approaching ACF technique, a conventional microstrip patch antenna with circular radiator
with size of 2.2Agx2.2Agx0.15\g (mm?), printed on single PCB of same material was considered.
The antenna gets operatable from 33.07 GHz to 39.5 GHz and resonating at 38.02 GHz. The
overall B.W% achieved is 17.10% and peak gain of 8.1 dB. Both antennas are good candidature
for 5G Communications.

Keywords: 5G, Aperture Coupled Feeding (ACF) Technique, Bandwidth (B.W), Higher
frequency application, Microstrip patch antenna

1 Introduction

Due to development in communication system, now 4G is getting replaces with 5G. As
5G have different advantages like better connectivity, lesser latency time, high data rate
over 4G and it approaches by millimeter-wave (mm-wave) bands [1]. Wide band width
with respective operating frequency Aperture coupled feed antenna is beneficial, also
maintaining the compact size [2],[3]. This method is employed in satellite communica-
tion applications at the X-band, which encourages its applicability to 5G communica-
tion at the 39 GHz frequency [4]. As per the FCC different frequencies like 3.5 GHz,6.2
GHz,28 GHz,38 GHz,39 GHz and 47 GHz [5] are allotted for 5G communication. So,
to develop patch antenna comparable with 5G, different researches have proposed their
respective work, in [6], concave shaped patch surrounded by two mirror imaged C-
shaped in MIMO configuration is suggested qualifying 28 & 38 GHz of frequency hav-
ing gain of 7.46 and 8.56 dBi respectively. A reconfigurable 5G patch antenna having
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switching capability between 28 GHz and 38 GHz using PIN diode is proposed [7].
Again in [8] a vertical stacked dipole antenna array capable of operating at 28 and 38
GHz with respective gain of 4.8 and 4.6 dBi is defined. [9,10] has proposed their work
on 5G NRn78 band (3.3-3.8 GHz). In [8], hook shaped aperture coupled circularly po-
larized antenna having a B.W of 2.8 to 3.8 GHz with gain of 4.08 dBi is proposed.
However, in [10] a dual polarized magneto-electric dipole with aperture coupled feed
is proposed giving a B.W of 3.02 to 4.02 GHz with a gain ranging 7.9 to 8.5 dBi is
proposed. In the continuous Air Filled SIW (AFSIW) technology is used and a better
gain of 10.8 dBi response with 1x4 array for 26 and 28 GHz band has been achieved
[11]. Air filled substrate integrated waveguide stacks having two layered PCB lami-
nates and by removing the substrate locally and getting sidewalls by either edge plating
[12] or rows of vias [13],[14], putting air-filled waveguides or cavities. [12],[15]-[19]
AFSIW components along with antennas has been proposed for mm-Wave application.
They are micro, low-cost and high-performance antennas, [20-22] with waveguide-fed
and slot arrays [23],[24]. A rectangular array patch antenna using proximity coupling
technique have been adopted satisfying B.W of 26.04 to 28.87 GHz [25]. Utilization of
antenna at multiple places at certain angle these system gives vital role in usability and
performance too. Either switching it to array for obtaining large gain substrate of gra-
phene and polyethylene terephthalate shows good outcomes for proposing antennas
[26-27]. Ka band (26.8-29.55 GHz) covers 5G band, antenna with SIW fed and reso-
nator as a patch treat large gain and bandwidth efficiency [28]. For lower band appli-
cation in 5G monopole antenna can be also a part for better performance. Ground ele-
ment with different shapes or slots increases the antenna’s performance in monopole
technique [29-30]. Arraying into several numbers we can increase the parameters by
employing some new feeding technique for better performance [31]. Through all the
discussion above, we observe aperture mode is a good candidate to enhance the B.W%
with sustaining gain and covers the complete band of 5G at 39 GHz.

The ACF approach, which has several modes of feeding an antenna, is used in the
current work. This technology allows for the provision of feed through either width or
length, and it is actually put into practice while the antenna is being designed. With this
antenna, we priorities feed over width. A stack of two Rogers RT-Duroid 5880 PCB
with an air gap of 0.035 mm and a height of 0.8 mm (Er = 2.2) is used. The top side of
the top layer has a ring radiator with a 4 mm outer radius, and the bottom is unmetal-
lized. A plus-shaped slot is arranged on the upper side of the bottom layer, and the
lower layer has a rectangular feed. The whole design setup is depicted in Fig. 1 and 2
respectively. The suggested antenna has a gain of 7.32 dBi and operates in the 36.84
GHz to 46.78 GHz spectrum, satisfying the 5G allotted band (mm-Wave-n260).

There are two sections to this work. Using Rogers-RT Duroid 5880 material, a mi-
crostrip patch antenna with an operating frequency of 38 GHz is created. Although there
was wide bandwidth and good impedance matching in this area, the assigned bandwidth
for this spectrum could not be reached. As this antenna spans about the frequency range



of 33 GHz to 39.5 GHz and has a peak gain of 8.1 dBi, its maximum Si; at 38 GHz is
-43 dB. In several nations, this band is also reserved for 5G. Another component is the
ACF method, which operates at 39 GHz with large bandwidth.

Fig.1. 3D- View of Aperture coupled feed antenna

Feed Line

Fig.2. 2D- representation of ACF antenna



2 Design Approach

This section covers the design procedure for choosing a patch for the ring shape. Similar
designs and dimensions have been used for ACF antenna and microstrip patch antenna.
On a microstrip patch with the same dimension intended for ACF, the shape of the
patch changes. For rectangular patch shape as dimensions of 7x6x0.8 mm?, 7x5.5x0.8
mm?, 6x6x0.8 mm?, and 6x7x0.8 mm? are employed, however 7x7x0.8 mm? produces
some of the good matching. Then we choose a hexagonal structure, however it does not
achieve the required resonating band and it is incompatible. Then choose a circular
shape with a radius between 3.5 mm to 2.5 mm. By using the radius value of 4 mm as
the outer circle of the ring and the inner radius of the ring of 2 mm, the final patch as
ring structure has decided because circular boundaries provide wide B.W, which is the
main justification for choosing the patch structure as ring.
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Fig. 3. Design approach for microstrip patch antenna and ACF antenna with various structure

Fig.3 provides a visual representation of both the microstrip patch and the ACF antenna.
In Fig. 4 and 5, respectively, the comparative simulated response for both antenna and
the suggested one is displayed. Square structures in ACF cases respond more quickly
than rings, but only rings can provide the desired B.W. or wide B.W. The circular struc-
ture is another strong option for 5G communication because it operates at 38 GHz and
provides good response. The smooth completion of the desired objective is seen
throughout the better finding at the ring structure.

3 Microstrip Patch Antenna for 38 GHz

The operational frequency of a microstrip patch antenna (MSA) is 38 GHz, which is a
licensed frequency for use in Mexico, the United States, and Japan for 5G communica-
tion [4-5]. Developed circular ring patch antenna with full ground the dimensions are
presented in Fig.6.
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Whereas its reflection coefficient, radiation patterns are shown in Fig 6 & 7 respec-
tively. The feed line is of 4.7 mm in length with impedance value of 50Q. The para-
metric study for circumference width of radiator is considered in sub section 3.1
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Fig. 6. Simulated response of Si1 vs Freq. of patch antenna at 38 GHz with antenna’s prototype
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3.1 A Parametric variations of circumference width of radiator

The antenna patch was specified by the radius difference between two circles, keeping
the ground completely metallic. The simulated response that was observed as the gap
was widened by 2.5, 3.0, and 3.2 mm is shown in Fig. 8.
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Fig. 9. Simulated response at lower value (variation of radius gap).

As the radius gap of the patch is increased, the resonant frequency shifts to the lower
end. In this situation, such as when the antenna is 3.0 mm wide, it operates at 28 GHz
and covers the 27-30 GHz frequency range, another 5G band. Similar to the higher



value of width, Fig. 9 shows the simulated response of scattering parameter at port 1
with frequency as per the variation of width of radiator towards lower value. The Si;
value plot at lesser value variations at 1.0 mm and 1.5 mm, which have similar re-
sponses, extends from O to -14 dB at the right edge of the figure. In this scenario, every
variation produces distinct outcomes with a minimum S; value.

4 Aperture Coupled Feed Antenna Design

Using the stacking technique, an aperture coupled feed antenna, also known as an ACF
antenna, is created with the antenna's feed coming through a slot. Two substrate-based
antennas with either the same or differing relative permittivity values are used there.
We employed two substrates with identical relative permittivity values for 39 GHz in
this design. Because of its higher frequency applicability, this antenna is a candidate
for global (world-wide) 5G communication. The values of the design parameter are
displayed in Table 1. Fig. 10 displays the design antenna view with assigned parameter
for both PCBs and Fig. 11 shows finished or fabricated PCBs and its development.
Section 5 discusses the full analysis of ACF with various parameters, such as radiator
width variation, feed length variation, and feed slot structure with different positions.

PCB 1 PCB 2

=

v b
4 W » Fw
(b) Y-Axis (d)

Fig.10. Antenna 2D view as (a) Top patch of PCB 1 (b) Ground view of PCB (c) Slot structure
at top of PCB 2 (d) Feed line at PCB 2.



Table 1. Antenna’s Parametric Value

Serial No. Parameter Value
(ACF Antenna)
1 R, (Inner circle) 2 mm
2 R, (Outer circle) 4 mm
3 L (Length of ant.) 12 mm
4 W (Width of ant.) 12 mm
5 P.. (Length of Slot 1) 1.5 mm
6 Pyw (Width of Slot 1) 1 mm
7 St (Length of Slot 2) 0.5 mm
8 Wi (Width of Slot 2) 3 mm

Final Prototype

PCB 1 PCB 2

Fig. 11. Same view as top and ground with respect to substrate of fabricated antenna and steps
to reach final prototype antenna

S Parametric Analysis and Results of ACF Antenna

This section covers the parametric analysis of the antenna's various parametric analysis,
including patch width, feed length, and slot creation. Several types of slot structures are
used in this technique, and the effective slot is shown in the image above. With these
terms, the study of the final reflection coefficient versus frequency result provides a
clear picture of good impedance matching. To arrive at the outcome of the proposed
antenna, we analyze Sy vs. frequency utilizing a number of instances.
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5.1 Analysis of radiator width (Higher Value)

A variable is provided by the radius gap, which is defined as the inner radius less the
outside radius. The gap for the proposed antenna would be 2 mm. The plot of Si; vs.
Freq. for higher values of 2.5 mm, 3 mm, and 3.5 mm respectively is shown in Fig. 12
along with the schematic diagram of width variations of radiators. In this investigation,
we found that the resonating frequency shifts to the lesser side and that the S; value
decreases in relation to the higher radius gap.
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Fig.12. Simulated response of S11 vs Freq. for higher values.

5.2 Analysis of radiator width (Lower Value)

In this instance, we optimize with a lower value and monitor the output to analyze the
return loss. The radius gap of the radiator with 1.5 mm, 1 mm, and 0.5 mm are chosen.
Analysis of each value around the final proposed radius gap of 2 mm revealed that at
this value the desired band with the highest Si; is seen. Fig. 13 displays the radius gap
variation diagram and the simulated response of each antenna. Here, we determined
that while matching grows worse as the radius gap increases toward the higher side, the
resonating frequency also tends toward lower frequency. Due to the ACF approach,
bandwidth is wider in each situation. In case of lower width radiator variation, the op-
erating frequency moves at higher side with affective return loss.
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53 Variations in Feed Line

Empirical formulae for feed length and width (Ly = A1 + &g and Wy = &) where, A =
C/Fo (Cy is speed of light and Fy is operating frequency) are used to determine the
length with 9.1 mm where width is of 2 mm. We analyze numerous feed length varia-
tions with respect to a maximum value greater than 9.1 mm and a minimum value lesser
than the proposed value; the simulated response for the higher value is shown in Fig.
14. When the feed length is increased beyond the derived value, matching suffers and
frequency response fluctuates. After analysis with maximum value by increasing the
length with 1 mm the return loss and operating frequency is good at 9.1 mm (proposed).
Fig.15 shows the simulated result for a feed line variation with smaller value with the
difference of 1 mm respectively. Operating frequency starts increasing as feed line de-
creases. Before settling on this design, we experimented with several different options.
We added a small slot with a meandering pattern to the feed line and used a small ring
resonator as a slot structure to feed line. For better matching, we used the entire 12 mm
feed length, but the ACF approach does not work with this. Feed line length will be
provided up to the patch displayed on the top substrate. The matching feed line imped-
ance value is of 50 ohms. Feed length could be calculated in terms of guided wavelength
(Ag) with regard to operating frequency. Single-layered microstrip patch antennas are
quite effective with length of Ag /4, Ag /2 or Ag but ACF’s feed line does not calculated
with these traditional formulae. The length from the port to slot or slot position can be
of Ag or Ag/4 or Ag/2 but in this case, we chosen Ag-&4 This shows while approaching
towards the ACF antenna feed length and slot position must be accurate for wider B W
and perfect matching.
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5.4 Variations in Slot or Selecting Slot Structure

Several slot structures are defined and analyzed as well as the slot used for power trans-
mission to radiators. In this paper, we experimented with three distinct slot structures:
circular, square, and rectangular. Additionally, the bottom, middle, and upper sides of
the antenna's slots can also be changed. For the whole slot parameter analysis at these
three distinct places, three (circular, square and rectangular) alternative size parameters
have been used. Table 2 displays the slot structure's dimension as well as the position
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Table 2. Slot structure along with different sizes, positions and findings.

Sl.no Slot Position (X, Y, Shape of Size of slot Findings {Operating Frequency (O.F), Su
7) mm slot [dB]}

1. Bottom (8,6,0.8) Circular Radius = 1.6 mm 0.F=40 GHz, |S;|=-13 dB

2. Bottom (8,6,0.8) Circular Radius = 2.2 mm 0. F=34.5 GHz, |S;;| =-23 dB

3. Bottom (8,6,0.8) Circular Radius = 3.1 mm 0. F=35GHz & 43.2 GHz, |S;;| = -27 & -43 dB

4. Mid (6,6,0.8) Circular Radius = 1.2 mm 0.F=37 GHz, |S;| =-14.7 dB

5. Mid (6,6,0.8) Circular Radius = 2.5 mm 0. F=39 GHz, |S))| = -12 dB (Larger B.W)

6. Mid (6,6,0.8) Circular Radius = 4 mm 0.F=36 GHz, |S;)| = -26 dB

7. Upper (3,6,0.8) Circular Radius = 1.4 mm 0. F=36-38 GHz, |S11| =-25 dB

8. Upper (3,6,0.8) Circular Radius =2 mm 0. F=37 GHz, |Sy| = -14 dB

9. Upper (3,6,0.8) Circular Radius = 3 mm 0. F=39 GHz, |S;| = -24 dB (Larger B.W)

10. Bottom (8,5,0.8) Square Size = 2x2 mm? O. F= Beyond Objective, [S1i| = NA

11. Bottom (7.75, 4.75,0.8) Square Size = 2.5%2.5 mm? 0. F=45 GHz, |Sy| = -25 dB

12. Bottom (7.5,4.5,0.8) Square Size = 3x3 mm? 0. F=43 GHz, |Sy| =-12 dB

13. Mid (5.75,4.75,0.8) Square Size = 2.5%2.5 mm? O. F=45 GHz, [S;)| =-20 dB

14. Mid (4.75,3.75,0.8) Square Size = 3.5%3.5 mm? 0.F=39 GHz, |Sy|=-11 dB

15. Mid (4.25,4.25,0.8) Square Size = 4.5x4.5 mm? 0. F=39 GHz, |S}| =-9.6 dB

16. Upper (3.5,5,0.8) Square Size = 2x2 mm? 0. F=37 GHz, |Sy|=-11 dB

17. Upper (2,4.45,0.8) Square Size = 3x3 mm? 0.F=37.2 GHz, |S;;| =-9.3 dB

18. Upper (2.5,4,0.8) Square Size = 4x4 mm? O. F= Irregular Pattern, |S;| = NA

19. Bottom (9,4.5,0.8) Rectangular Size = 1x3 mm? 0. F=36.6 GHz, |S;;| =-13.8 dB

20. Bottom (8.5,4.5,0.8) Rectangular Size = 2x3 mm? 0. F=36 GHz, |Sy| = -34 dB

21. Bottom (7.5,5,0.8) Rectangular Size = 3x2 mm? 0. F=45 GHz, |Sy| = -20 dB

22. Mid (6,4,0.8) Rectangular Size = 1x4 mm? 0. F=45 GHz, |Sy| = -34 dB

23. Mid (5.75, 4.5, 0.8) Rectangular Size = 1.5x3 mm? O. F= Beyond 46 GHz, |S;;| = -NA

24. Mid (5.5,4,0.8) Rectangular Size = 2x4 mm? 0. F=46 GHz, |Sy| = -20 dB

25. Upper (1.75,4,0.8) Rectangular Size = 2.5%4 mm? O. F=38 GHz, |Sy;| = -23.2 dB

26. Upper (1.5,4,0.8) Rectangular Size = 3x4 mm? 0. F=37 GHz, |S}| =-17 dB

27. Upper (1,4.75,0.8) Rectangular Size = 4x2.5 mm? 0. F=36 GHz, |S;;| = -7 dB

and results based on simulated response as operating frequency and return loss. Fig. 17
displays the responses of each structure, which are grouped into three places labelled
bottom, middle, and top, respectively. The rectangular slot of two separate structures is
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used to complete the slot structure after it was discovered in this analysis that the slot
should remain on the bottom side and perform better than other structures. Using two
rectangular slots of different sizes, combining them, and maintaining the bottom end,
as illustrated in Fig. 16. Addition sign (+) slot is suggested, and another structure at the
bottom end gives the appropriate working frequency, supporting the concept of placing
it there. In Fig. 16, the simulated response for both rectangular slots and the suggested
slot are also displayed.
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Fig. 17. Simulated response of different slots at multiple positions (Bottom, Mid, Upper)

6 Experimental Setup, Results and Discussion

This section includes a visual illustration of the experimental setup for measuring the
antenna parameter and a discussion of the findings. The final antenna prototype is
shown in Fig. 18 where (a) and (b) show the antenna's picture at various angles from
the front and 3D views, respectively, after merging PCB | and PCB ; with an air gap of
0.035mm. Rest displays the top, middle, bottom and side view of the ACF antenna. The
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antenna is then placed in front of the VNA for testing. To accomplish the response at
the VNA for calibration, we employ a matched SMA connector. The measuring setup
and VNA results are displayed in Fig. 19. The measured Si; value of -35.89 dB covers
nearly the entire range allotted for this frequency globally or worldwide with wide B.W.

(e)

Fig. 18. Fabricated antenna (a) Front view (b) 3D view (c) Top patch view (d) Middle slot view
(e) Bottom ground view (f) Side view.

Soanonag

Attempt 1
(Operating at 41 GHz) Attempt 2

Range- 32 GHz-45 GHz (Operating at 38.13 GHz)

. Range- 32 GHz- 48 GHz
(Proposed Antenna) Antenna testlng Final Response

set up with VNA
(Measure Su vs Freq.)

Fig.19. Experimental set up of antenna with VNA for measuring the response of reflection coef-
ficient vs. frequency response.
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As demonstrated in Fig. 20's measured and simulated response of reflection coefficient
and frequency. With the intended bandwidth, the simulated value of Si; = -40.40 dB
and gain of 7.32 dBi. Fig. 21 depicts the set-up in an anechoic chamber with an antenna
for measuring the radiation pattern, with (a) the antenna directed at the sending end and

Hi—&mulated Response of ACF Antenna
-Measured Response of ACF Antenna

Patch

/—> PCB 1

\—» PCB2

-10 4
Slot

Feed Line

-20 4

Syy [dB]

-30 4

-40

32 34 36 38 40 42 44 46
Frequency (GHz)
Fig. 20. Measured and simulated response of Si1 and frequency response

(b) the antenna oriented at the receiving end. Fig. 22 shows the pattern produced in the
measured and simulated cases using the E- and H-planes, respectively. If the target
angle is 0 degrees or 90 degrees for phi or theta, respectively, the measured and simu-
lated data is normalized by dividing each case by the maximum value.

(a) (b)

Fig. 21. Antenna measuring set up for beam pattern measuring of ACF antenna (a), (b)
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The simulated pattern is omnidirectional even for theta = 0° poses about to directional
at two different angles, as in the E-plane plot for phi = 0° measured as well as simulated
pattern. The antenna for the H-plane also displays a directional plot at the 0° angle at
phi = 90° and theta = 90°.

270
210 210
180 - 180 |
| |
150 150
120 (T R 60 (a)
90 B %0 B
5 [ Simulated rEphi at theta = 90°
Simulated rEphi at theta = 0° Radiation Pattern s sttt iih
——— Simulated rEtheta at theta = 0" = e
e eaee|  (ACF Antenna) [ temrominam—s
~ .~ Measured rEphi at theta = 0" :

Fig. 22. Radiation pattern (a) Simulated and measured E-plane (b) Simulated and measured H-
plane

Another factor that characterizes the effectiveness of power transmitted or provided to
conducting elements is voltage standing wave ratio (VSWR). The ideal efficiency is
determined when full power is delivered to the load element. The recommended range

4

¥37Gnz Faicnz
! I Simulated VSWR
! | —+=— Measured VSWR
3 : :
! !
! I
—_ | i
.%n 24 | I
= 1 1
= i i
@ 1 4= t } -
- . .
! I
- !
0 - -
i ==
: !
-1 i . . i l l
36 38 40 42 44

Frequency (GHz)

Fig. 23. Simulated and measured response of VSWR (Mag.)
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of VSWR is less than 1, while a number between 1.5 and 2 is considered slightly ac-
ceptable. Fig. 23 displays the simulated and measured VSWR response to standardize
the performance of the antenna. At Fc = 38.40 GHz, the observed value is 0.2, while
the simulated value is -0.6. In simulated and measured cases, the VSWR is acceptable
and is less than 1. Fig. 24 (a) and Fig. 24 (b) displays the current density field plot of in
ampere per meter (A/m) with value of 38 A/m and the electric field (E) plot in amperes
per meter (A/m) with max value of 5046 A/m respectively. The patch distribution or
flow of these quantities provides information regarding the rate of electron flow relative
to the specified structure.

38.0000
. 35,5333
33.0667
30.6000
261333
25.6667
232000

207333
I 16 2667,

| 15.8000 / \ / f
begpived : )/A\ \ /
10.8667] / N \ y/ g
8.4000 / \ o »7
59333
34667 f | A
1.0000 ‘ | ‘
i | / {
\ / '
\ / e

(a) (b)

Fig. 24. Field plot (a) Current density (J) plot (A/m) (b) Electric field plot (v/m).

We examine a few papers' analyses and literature reviews and contrast them with our
own work. For low frequency applications, it is preferable to employ the designed an-
tenna technique. Numerous switching, stacking, and arraying techniques are employed
in 5G applications. Comparative table (Table 3) displays the comparison of own work
with the previous work.

7 Conclusion

The microstrip patch antenna is initially obtained and analyzed at 38 GHz, and subse-
quently it is successfully obtained and tested in its stacked version at 39 GHz. A stack
antenna is chosen using the ACF approach, and both PCBs are made of RT Duroid
5880 (€r =2.2). Power is provided to the patch through the slot, causing it to excite
PCB; while PCB: receives the feed. By connecting the antenna, the reflection coeffi-
cient was calculated to be -35.89 dB in measurement and -40.40 dB in simulation. This
antenna's B.W% is 25.9% and its highest gain is 7.32 dBi. The Size of antenna is
12x12x1.635 mm? where PCB; height is 0.8 mm, PCB; height is 0.8 mm and 0.035
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mm is air gap. Applicable globally for 5G communication with wider bandwidth of 9.1
GHz. This proposed antenna is used in wireless communication for 5G communication
globally with maximum data transmission without delay.

Table 3. Comparison table of proposed work with past work

Ref. Antenna Tech- Op. Design Substrate Gain Others
nique freq./ Constraint Param.
B. W
[6] C structured 2x2  28/38 GHz 10x10x0.254mm’* Rogers RT Duroid (€,=2.2) 7.4 dBi/8.56 dBi NA
MIMO
[7] Reconfigurable 38/28 GHz PCB h =0.506 mm Rogers RT Duroid (€,=2.2) NA S11=-32.3dB/
by using PIN Di- Si1=-42.1dB
ode
[8] Single layered to  28/38.5GHz  Array (4 element) of Multiple (flexible) 4.8 dBi /4.6 dBi NA
multi layered an- single layered an-
tenna tenna
[9] Hook shaped ap- 2.8-3.81 28 x24 x2 mm’® FR4 (€=4.4) 4.08 dBi Return loss %
erture  coupled GHz =29.10 %
feed antenna
[10] Aperture coupled 3.3-3.8 50x50x12.5 mm® PCB1=FR4 (§=4.4);h=1 7.9 dBi- VSWR is <1.5
feed (Two Port) GHz mm PCB 2 = Roger 8.5dBi
RO4003 (£,=3.38); h=0.508
mm
[11] Air-filled  Sub-  24.25-29.5 26x26x1.8 mm® PCB 1 =R0O4350BPCB2= 10.1 dBi B.W % =26.8 %
strate Integrated GHz (LxBxH) FR4 (€=44) PCB 3 =
Waveguide (AF- RO350B
SIW) with stack
[25] Stack Antenna 27.5-28.5 Substrate height Tectonic TL4 21 dBi B.W % =98 %
GHz 0.508 mm
[26] Printed RGW Ap- 30 GHz Substrate height=0.5 R0O3003 with &r =3 13.5 dBi Radiation Effi-
erture mm ciency = 84%
[28] Graphene Array 13.8- Substrate  thickness  Kapton (€,=3.5) 7 dBi B.W varied
Antenna 15.15 GHz range Kapton —0.075 A4 Page (€,=3.2) based on differ-
mm RT Duroid (€,=2.2) ent material
A4 Page- 0.05 mm
Rogers RT Duroid -
0.254 mm
Prop. Aperture cou- 39 GHz 12x12x1.635 mm’® PCB1 =RO5880 (€,=2.2) 7.32 dBi B.W%=
pled feed an- (36.84 - PCB 2=R0O5880 (£,=2.2) 25.68%
tenna 46.78 GHz) Si1=-404dB
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