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)is paper presents a reconfigurable antenna operating in three modes at different frequency bands with pattern reconfiguration.
Frequency and pattern reconfigurability are achieved using four PIN diodes. In particular, two diodes are mounted in the radiating
part of the hexagon shape to perform the frequency reconfiguration of the antenna. )e other two PIN diodes are connected with
the inverted L-shaped and CPW ground by changing the main lobe beam steering to achieve the pattern reconfiguration. An
antenna has been designed, fabricated, and numerically and experimentally assessed.)e prototype of the antenna is fabricated on
a commercially available FR-4 substrate of thickness 1.6mm (εr � 4.3).)us, the proposed antenna supports several 5G sub-6GHz
bands (3.1 GHz, 4.1GHz, and 3.8 GHz), WiFi (2.45GHz), as well as (7.8GHz, 9.5GHz) X-Band Satellite applications. )e
obtained results are quite promising. In particular, it is observed that the measured results are in close agreement with the
simulation results, and the proposed (compact) antenna prototype can be a prospective candidate for future portable devices,
sensor networks, and telecommunication applications.

1. Introduction

Reconfigurable antennas are a promising solution to provide
operation in several frequency bands or patterns, depending
on the design and network requirements [1], and are be-
coming a research focus for several wireless transmission
standards. For antennas with the capability to serve users at
different frequencies and different communication stan-
dards, the desired band is tuned by redistribution of the
antenna properties, which then resonates accordingly.
Considering the high congestion of the available frequency
spectrum, the use of reconfigurable antennas is mandatory
to provide efficient use of the available frequency bands [2].
)e other type provides reconfiguration of the radiation

pattern, which is achieved by rearranging the radiating
current or edges of the antenna [3]. A major application for
such designs is beam steering, where the focused beam is
directed towards the intended use for gain enhancement,
improved energy efficiency, and reduced interference from
other in-band radiations [4, 5]. Such factors not only im-
prove the overall transmission data rate through an increase
in channel capacity but are crucial for frequency selective
channel transmission. )e use of configurable antennas is
certainly quite interesting, but the requirements to provide
adequate gain and stable operation in each transmission
band or direction become a challenge for antenna design
engineers. For the RF antennas, reconfiguration can be
achieved by altering the electrical, mechanical, or material
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characteristics. Phased array and fully adaptive array offer
very good beam pattern customization capabilities, but they
are quite expensive, bulky, and not suitable for handy de-
vices. Most of the existing designs are based on the char-
acterization of a single parameter to cope with the
complexity involved. For example, a differential antenna
design for reconfiguring frequency characteristics is pre-
sented in [6], and such designs can be extended to operate in
several frequency bands, such as WLAN standards of WiFi,
UTMS, and WiMAX [7]. To make such an antenna com-
patible with wearable or airborne applications, a low-profile
design in [8] provides operation in the ISM and airport radar
bands. As 5G and future mobile access networks are
standardizing several bands in the sub-6GHz spectrum
range, reconfigurable antennas with differentially fed [9]
have shown the potential of reconfiguration for various
mobile applications.

)e other set of configurable antennas, which provide
various patterns, has also been reported in recent literature. In
[10], a Yagi-Uda antenna design is shown with the switching
function to operate in either an omnidirectional or bidirec-
tional mode. A partially reflective surface (PRS) based pattern
reconfigurable design is presented in [11], which provides
beam steering for the angles of +78°, 0°, and -78° with a high
gain at the operating frequency of 1.8GHz. A similar design
for wireless sensor network (WSN) is reported in [12] for a
license-free ISM band of 2.4GHz to steer the beam in four
different directions (0°, 90°, 180°, and 270°). )e optimization
of the state transition for such antennas can be performed
using genetic algorithms [13] to achieve a smooth transition
among different defined states. A variety of pattern tunable
antennas are reported based on different configurations, such
as complementary split-ring resonators (CSRR) on the
ground [14] and a very popular method of using micro-
electro-mechanical switches (MEMS) with coupling cells.
Due to the increased interest in slot antennas for future
wireless applications [15], they have also been presented in a
frequency and pattern reconfigurable design [16]. In the CPW
feed-based reconfigurable antenna design [17], the reconfi-
guration is achieved through two pin-diodes for achieving
frequency reconfigurability for the 1.65–2.51GHz band while
pattern reconfigurability along +90° and -90° for the re-
spective band. Similar frequency and pattern reconfiguration
have also been shown to be achieved using two Varactor
diodes in [18], with a wider beam direction range of -23° to
+23°. Reference [19] presents frequency and pattern recon-
figurable antennas, using fourteen switches and electro-
magnetic bandgap (EBG) unit cells. )e antenna is optimally
suited for 2.4 and 5.8GHz WLAN operation. Other useful
designs include the use of electromagnetic bandgap (EGB)
unit cells containing pin diodes for frequency selectivity [20].

For [17–21], the size of the antenna is the major
drawback to being used for compact and wearable appli-
cations. )e presented designs in [22–24] are compact but
can offer a smaller number of bands and beam steering by
using more switches and bandwidth up to 500MHz. )e
most considerate design in [25] with its small size and large
bandwidth also imposes a challenge to use 8 switches and a
provision of 3.8 dB gain as a maximum.

)is work proposes a novel design to obtain a very
compact antenna, by using only four PIN diode switches,
and it provides a gain of up to 4.25 dB with large bandwidth
operation. )e presented antenna provides adequate gain
and bandwidth with good reconfigurable capabilities, and it
results in more compact in size with respect to the state-of-
the-art antennas present in scientific literature.)e four pin-
diode switches provide the rearrangement of the compound,
with two switches (D1 and D2) responsible for the shifting of
frequency bands and two (D3 and D4) for steering the
directional beam. Moreover, the design allows the antenna
to operate in three different modes to select a particular
frequency band and its related pattern. In terms of bands, the
design offers dual-band operation at 3.1 and 7.8GHz in
mode 1. 3.1 GHz has been previously considered for ground
surveillance radars and radiolocation [26], but has now been
actively used for Earth exploration (EE) services and space
research [27]. )e X-band (8 to 12GHz) is considered for
handheld satellite receivers and is included in the presented
design. For band selectivity, the frequency bands of 2.4, 4.1,
9.5GHz, and 3.8GHz are selected using mode 2 and mode 3,
respectively. )e simulation results demonstrate the effec-
tiveness of beam steering operation at nine angular locations
for frequency sets of 2.4, 4.1, and 9.5GHz and three angular
directions for 3.8 GHz bands. To ensure the compatibility of
the design with 5G standards for sub-6GHz transmission,
the detailed analysis shows the antenna operation at 2.4, 3.1,
4.1, and 3.8GHz. )e different states of pin-diodes allow
either a single band, dual-band, or tri-band operation. )e
main contributions of the presented work are as follows:

(i) )e designed antenna is compact as compared to
the previously published work in this research area,
with the added benefits of multiband mode, in-
creased bandwidth, and gain.

(ii) To the best of the authors’ knowledge, the design
offers the highest number of beam directions with a
frequency selectivity of five bands, which is the first
of its kind as compared to the state-of-the-art.

(iii) Being highly compatible with 5G services due to
large bandwidth, sub-6GHz operation and mod-
erate gain is also a distinct feature of an antenna
with both frequency and pattern reconfigurability.

)e rest of the paper is organized in the following way.
)e design methodology and antenna geometry are de-
scribed in Section 2. Different stages involved in the evo-
lution of the final design are presented in Section 3. )e
experimental results and analysis are discussed in Section 4
along with a brief comparison with the most recently
published works. Finally, Section 5, reports the conclusions.

2. Design Methodology and Antenna Geometry

Figure 1 shows the antenna geometry and the related
geometrical parameters. )e antenna structure reported in
Figure 1 consists of a main hexagonal radiator connected
with two parasitic structures. )e antenna is fed with a
coplanar waveguide (CPW), characterized with an
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impedance of 50 Ohms, the CPW width id Wf � 3mm,
estimated with the well-known semi-analytical Hammerstad
formula and considering a commercial FR-4 dielectric
substrate with a thickness of 1.6mm, relative permittivity, εr

of 4.3, and loss tangent, δ of 0.025. Initially, the antenna
geometry is composed of a size of 30× 20×1.6mm3. )e
details of each parametric dimension of the design are given
in Table 1, and they have been obtained after a detailed
parametric analysis.

To achieve a particular frequency operation, the fol-
lowing relation aimed at estimating the Lf parameter has to
be considered [2]:

Lf �
c

4f
����
Eeff

 , (1)

where

Eeff �
Er + 1

2
+
Er − 1

2
1 + 12

w

h
  

−0.5
, (2)

here “c” represents the velocity of the light in a vacuum, “h” is
the thickness, and “w” is the substrate’s width. In such de-
signs, two parasitic patches are utilized in the radiating
structure. )e parasitic patches are connected to the main
radiator with pin diodes (SMP1345-079LF) switches. )e
status of the connection between the patches (open or short),
controlled by the two pin diodes (ON or OFF), defines the
effective resonant length, and hence the operating conditions
of the antenna in terms of frequency. Two additional pin
diodes switches are integrated at the rear side of the antenna
as switches for pattern reconfiguration. )ese pattern-related
control switches are installed in the L-shaped stubs to re-
distribute the concentration of the surface currents. )is
causes the antenna to operate with a different pattern with
adequate gain and impedance matching, as the L-shaped
inverted stubs were introduced in the CPW ground plane.
)e front geometric view of these stubs is shown in Figure 1.

2.1. Switching Technique. For any frequency band, the pin
diodes (SMP1345-079LF) work as an electronic switch. But
the working principle is different as the control element is

the resonant length, which is varied to achieve frequency and
pattern reconfigurability. Figure 2 shows the equivalent
circuits when pin diodes are used in ON and OFF states. A
simple RL series circuit is formed for the ON state with
extremely low resistor “RL” and an inductor “L.” For the
OFF state, the circuit becomes RLC with a parallel inductor
“L,” along with a resistor of a high value “RH”, and a ca-
pacitor “C”. For fabrication, the model of PIN diode Sky-
works SMP1345-079LF is chosen for its low cost and ease of
availability. )e parametric values from the datasheet can
easily be modeled in the CST simulation environment as
C� 0.15 pF, L� 0.7 nH, and RL � 1.5Ω. Table 2 explains the
switching arrangements for all the cases of three operating
modes.

)e biasing circuit has been introduced on the backside
of the antenna during measurement setup for operating the
pin diode in Real-time, as shown in Figure 3. Figure 3 also
shows the control circuit of the PIN diode switches, and the
measurement setup for only mode 2 when one of the
switches of the hexagon (the main radiator) is operated for
frequency reconfiguration in a real-time environment and
the rest of all the modes were operated one by one during
testing of the antenna.

3. Development for the Design Optimization

)e different design steps are shown in Figure 4, and the
related results in terms of return loss characteristics are
reported in Figure 5. )e synthetic results of Figure 5 have
been obtained with a commercial electromagnetic simulator,
namely CST Microwave Studio. A tuning phase has been
made for improvement in antenna performance in terms of
driving point impedance bandwidth and return loss. Fig-
ure 4 depicts that step 2 is designed by introducing a
rectangular patch upon a T-shape in step 2 with a wide band
of the operating frequency of 4.53 GHz–9.50GHz. )e
hexagonal shape is embedded on the top in step 3 with dual-
band operation of 3.09GHz (2.74 GHz–3.48GHz) and
8.17GHz (7.26 GHz–8.82GHz) along with the introduction
of L-stubs to the left and right in sep4 and step5 simulta-
neously with the resonance of 2.32GHz (2.20
GHz–2.41GHz) and 8.5GHz (7.22 GHz–9.20GHz) finally
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Figure 1: Schema of the proposed antenna, front and side views.

Table 1: Proposed antenna geometrical design parameters.

Parameters Size (mm)
LT 1
WT 10
LP 7
WP 5.5
Hs 1.6
Lf 10
LT 1
Wf 3
Ls1 30
Ws1 20
Wcpw 8.5
Lcpw 9
Wf 3
Ls1 30
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Table 2: Different modes of switching.

Mode Special cases
Mode-1 (S1�ON, S2�ON) C1 (S1 to S4�ALL ON), C2 (S1, S2, S3�ON, S4�OFF), C3 (S1, S2, S4, ON, S3�OFF)
Mode-2 (S1�ON, S2�OFF) C1 (S2, S3, S4�OFF, S1-�ON), C2 (S2, S3�OFF, S1, S4�ON), C3 (S1, S3�ON, S2� S4�OFF)
Mode-3 (S1�OFF, S2�OFF) C1 (S1 to S4� all OFF), C2 (S1, S2, S4�OFF, S3�ON), C3 (S1, S2, S3�OFF, S4�ON)
(C represents the case here).
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Figure 3: Equivalent circuit of PIN diode model.
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Design Evaluation of Antenna
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Figure 4: Various design steps for the evaluation of the proposed
antenna.
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Figure 5: )e return loss of the design evaluation.
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to achieve the proposed antenna design with two L-shape
stubs on the left and right side of the hexagonal shape. It is
evident from Figure 5 that the stepwise modifications im-
prove the return loss of the proposed design. For various
switching states, the antenna S-parameters are observed by
inserting a stub with the CPW plan.

Figure 6 shows that for case 1, when an F-shaped stub is
connected to the ground, 3.1 GHz and 7.3 GHz are selected
by the antenna as resonant frequencies. For case 2, the
antenna provides a good impedance match at 2.24 GHz,
4.12 GHz, and 9.12 GHz. A single band operation is ob-
tained for case 3 at 4.01 GHz. Figure 7 shows the following
step where the CPW plane is loaded with the L-shaped stub.
)e two switches of the stub are aimed at refining the
frequency selectivity from the previous step. As it can be
seen, when only switch 1 is turned ON, the antenna res-
onates at 3.5 GHz and 7.3 GHz. )e resonant frequency
becomes 2.10 GHz, 4.23 GHz dual-band, and 3.91GHz for
the previously mentioned case 1 and case 2. A reasonable
impedance match is seen in case 3 for 3.01 GHz and
7.12GHz. Finally, an L-shaped stub is introduced in the
CPW plane, and its impact during all four cases can be
noted from Figure 8. )is shows that for all four cases, the
antenna provides good performance in terms of the re-
flection coefficient.

4. Experimental Analysis and Results

To verify the design and simulation outcomes, the antenna
is fabricated, and experimental work is performed at an
anechoic chamber in the National University of Science
and Technology (NUST). )e fabricated antenna is
equipped with a coaxial subminiature type A (SMA)
connector, as shown in Figure 9, along with the mea-
surement setup consisting of a turntable and RF cables in
the chamber. )e whole measurement setup is first cali-
brated, and several sets of measurements are performed to
validate the performance of the fabricated antenna. )e
scattering parameter has been measured with a vectorial
network analysis.

)e proposed design is capable of working in three
different modes and cases, each providing a particular fre-
quency band operation with different reconfiguration pat-
terns. )e return loss experimental results are shown in
Figure 10 for the antenna operating in mode 1. )e nu-
merical results, obtained with the CST software, are also
plotted to show the agreement with the measured ones.
Figures 11 and 12 show the results for an antenna operating
in mode 2 and mode 3, respectively. It is evident from return
loss plots that the proposed design provides good impedance
matching for all operating scenarios.

)ese results show a good deal of validation for ex-
perimental results. Figure 13 shows the measured antenna
gain versus operating frequency for all switching modes.
Finally, for the three switching modes, the radiation pattern
plots are outlined in Figures 14–16, while the surface current
distributions are depicted in Figures 17–19. )e detailed
discussion of the obtained results for the three modes (1, 2,
and 3) is as follows.

4.1. Results for Mode 1 Operation. Case 1 (of mode 1) is
activated by turning ON all the switches and the dual-band
operation is actuated covering 3.1GHz and (2.74–3.52GHz)
and 7.8GHz band (7.01–8.93GHz). As shown in Figure 13,
the two center frequencies of 3.1 and 7.8GHz are selected in
this case, and the H-plane main beam is directed (Phi� 0) at
180°, -30°, and 30°. )e second case of mode 1 is activated by
turning OFF the switch S4, which makes the radiation
pattern steered along -120° and -30°. When the switch S3 is
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Figure 6: Reflection coefficient analysis for F-shaped stub.
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Figure 7: Reflection coefficient analysis for I-shaped stub.
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Figure 8: Reflection coefficient analysis for L-shaped stub.
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turned OFF, the third case of mode 1 is activated, and the
beam is steered towards +120° and +30°, as can be noticed
from the experimental results in Figure 14.

4.2. Results for Mode 2 Operation. Figure 15 shows the
results for mode 2, obtained by turning ON the switch S2.
)is makes the antenna resonate at the frequencies of
2.45 GHz, 4.1 GHz, and 9.5 GHz. For case 1 of mode 2, the
10 dB bandwidth can be evaluated from the frequency
range 3.09 GHz–4.17 GHz as shown by the measured
results. )e directional pattern shows that the beam is

directed towards 180°, 180°, and 115°. Case 2 of this mode
is picked when switches S2 and S4 are in ON conditions,
while the third case is activated when S2 and S3 are in ON
states. )e frequency selectivity for both cases covers the
tri-band values of 2.45 GHz, 4.1 GHz, and 9.5 GHz. )e
beam pattern plots are reported in Figure 15, which shows
the beam steering characteristics for the three cases
where, for 2.45 GHz, 4.1 GHz, and 9.5 GHz, the main
beam is directed along +150°, +90° and (-30° and -50°) in
the second case and along -150°, -90°, and (-120° and 150°)
in the third case.
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Figure 11: Mode 2 simulated and measured return loss.
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4.3. Results for Mode 3 Operation. Case 1 of mode 3 oper-
ation is attained by switching OFF S1 and S2.)is is a single-
band operation with large bandwidth covering a 3.36
GHz–5.17GHz range and points the directional beam to-
wards 180°.

)e operation in mode 3 is shifted to case 2 by keeping
the S1, S3 OFF and turning ON the switches S2, S4, which
shifts the beam to -90°. Finally, the 3rd case is picked when
switches S1 to S3 are ON and S4 is OFF which steers the
beam along 90°.)emain beam direction with the peak gain,
for all the considered operative cases, is outlined in Table 3,

as well as the shifting of the beam angle. For each operating
frequency, this is the degree to which the antenna beam is
shifted.

)e summary of the antenna performance in terms of
different frequency selectivity, gain, and beam steering is
given in Table 4. Figures 17–19 provide the detailed insight
of surface currents for modes 1–3, where the resonant areas
can be seen to contribute towards a specific operating state.
For example, the surface current of case 1 for all modes
represents the frequency reconfigurable characteristics and
consists of information about resonant length. It can be
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observed that a reduction in effective resonant length leads
to an increase in resonant frequency, thus validating the
inverse relationship. Cases 2 and 3 demonstrate the pattern

reconfigurability with information about the effective stub
length to achieve beam steering in a particular direction.)e
active portion is illustrated for the stubs to understand the

Case 1 Case 2 Case 3

MODE 2

2.4
GHz

4.1
GHz

9.5
GHz

0
0

–0.2
–0.4
–0.6
–0.8

–1

30

60

90

120

150
180

–150

–120

–90

–60

–30
0

2

1.5

1

0.5

0

30

60

90

120

150
180

–150

–120

–90

–60

–30

0
2

1.5

1

0.5

0

30

60

90

120

150
180

–150

–120

–90

–60

–30

0
6

3

0

–3

–6

30

60

90

120

150
180

–150

–120

–90

–60

–30
0

–4
–5.5

–7
–8.5
–10

–11.5
–13

30

60

90

120

150
180

–150

–120

–90

–60

–30
0

–4
–5.5

–7
–8.5
–10

–11.5
–13

30

60

90

120

150
180

–150

–120

–90

–60

–30

0
6

4.5

3

1.5

0

30

60

90

120

150
180

–150

–120

–90

–60

–30
0

6

4.5

3

1.5

0

30

60

90

120

150
180

–150

–120

–90

–60

–30

0
1.5

1

0.5

0

30

60

90

120

150
180

–150

–120

–90

–60

–30

Simulated
Measured
Main Lobe Direction

Figure 15: Polar plots (at phi� 0, x-z plane) for case1–3 of mode2 for 2.4, 4.1, and 9.5GHz.

Case 1 Case 2 Case 3

MODE 3

3.8
GHz

0
2

1.5

1

0.5

0

30

60

90

120

150
180

–150

–120

–90

–60

–30

0
0

–1.5

–3

–4.5

–6

30

60

90

120

150
180

–150

–120

–90

–60

–30

0
0

–1.5

–3

–4.5

–6

30

60

90

120

150
180

–150

–120

–90

–60

–30

Simulated
Measured
Main Lobe Direction

Figure 16: Polar plots (at phi� 0, x-z plane) mode3 for all cases.
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directivity reconfiguration. )e previously provided polar
plots can be related to the surface currents. When the stubs
are not contributing to the pattern reconfigurability in case 1
of mode 1, the antenna radiates in the direction of 180° and
(+40°, -40°). When switches S1–S3 are turned ON in case 2,
the distribution of the surface currents changes and the
right-side stub can be observed to play a significant role to
shift the beam towards -120° and -40°. Lastly, for case 3,

when switching S1, S2, and S4 are turned ON only with S3
being OFF, the left-side stub becomes dominant and results
in the steering of the beam to +120° and +40°. In the same
way, the other cases can be verified for polar plots and
surface current results. Finally, Table 4 summarizes and
compares different state-of-the-art antennas, demonstrating
the effectiveness and capabilities of the proposed antenna,
especially in terms of compactness.

Case 1 Case 2 Case 3

MODE 1

3.1
GHz

7.8
GHz

Figure 17: Surface currents for case 1, case 2, and case 3 of mode 1.

Case 1 Case 2 Case 3

MODE 2
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4.1
GHz

9.5
GHz

Figure 18: Surface currents for case 1, case 2, and case 3 of mode 2.

Case 1 Case 2 Case 3

MODE 3

3.8
GHz

Figure 19: Surface currents of mode 3 for all cases.
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5. Conclusion

A novel design for a frequency and pattern reconfigurable
antenna was designed, fabricated, and numerically and
experimentally assessed for compact and multiband appli-
cations. )e radiating antenna properties are set by using
PIN diode switches. In particular, four PIN diodes are
employed as switches for the compound reconfiguration
where two of them (S1, S2) provide frequency selectivity and
the remaining two (S3, S4) steer the beam in different an-
gular directions. )ree modes are presented for antenna
operation in which different frequency bands demonstrate
beam steering. )e covered frequency bands consist of dual-
band operation in 3.1GHz and 7.8 GHz using mode1 (when
all switches are ON of hexagon shape). )e antenna operates
at the triple band of 2.4, 4.1, and 9.5GHz in mode 2 (when
either S1 or S2 is ON) and a single band of 3.8GHz band in

mode 3 (when both S1, S2 are OFF). )e obtained results
demonstrate the ability of the antenna to provide beam
steering in nine directions. )e antenna can control the
beam for five different operating bands of 3.1 GHz, 7.8GHz
(mode 1), 2.4GHz, 4.1 GHz, 9.5GHz (mode 2), and 3.8GHz
(mode 3) with acceptable peak gain. )ese features make it
one of its kind that can support several sub-6GHz 5G bands
with a compact size for wearable applications and sensors.
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Table 3: Performance parameters of the antenna.

Mode
no All cases Operating

frequency (GHz)
Bandwidth fl − fu

(MHz)
Gain
(dB)

Direction of the beam
at Phi� 0°

Angle of beam
shifting

1

(1) all diodes are ON 3.1 2.74–3.52 (775) 1.56
180° 0°
-120° -60°
120° 60°

(2) D1–D3 are ON and D4 off
7.8 7.01–8.93 (1874) 4.24

+40° +140°
40° -140°(3) D1–D4 are ON and D3

OFF 50° 130°

2

(1) D1, D2. D3 are OFF and D4
ON 2.45 2.19–2.44 (243) 1.67

+150° +30°

(2) D1, D3 are OFF and D2, D4
ON

+150° +30°
-150 -30°

4.1 3.76–5.12 (1358) 1.68
+180 +0°
+90° +90°
-90° -90°

(3) D2�D3�ON,
D1�D4�OFF 9.5 9.12–9.84 (719) 3.49

+100° +80°
-30° -150
+150° +30°

3

(1) all diodes are OFF

3.8 3.36–5.17 (1808) 1.69

180° 0°
(2) D1�D2�D4�OFF,

D3�ON -90 -90°

(3) D2�D3�ON,
D1�D4�OF +90 +90°

Table 4: Comparison of different key performance indicators with state-of-the-art published work.

Reference Antenna size (mm) Number of
switches Number of operating bands Number

of beams Bandwidth (MHz) Peak gains (dBi)

[17] 45× 50 2 1 3 800 2.2
[18] 160.9×151.5 2 2 2 730 9
[19] 113×113 14 2 3 NG 6.2/6.6
[20] 70× 70 6 2 3 NG 5.08/7.0
[21] 112× 52 18 2 8 1400/1501 3.8/8.3
[22] 50× 50 4 1 3 1500/1200/1400 9.1/6.6/7.4
[23] 42× 44 8 2 2 160/220 NG
[24] 40× 30 4 2 3 400/500 2.24/2.76
[25] 31× 27 8 6 7 410/1080/5500 `1.72/1.94/2.51/2.81/3.66/3.8
)is work 30× 20 4 5 9 410/1508/1880 `1.72/1.94/2.51/3.66/4.25
(NG: not given).
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