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Abstract— In this paper, the scanning performance at a fixed
frequency of the 2-bit linear array is presented. Then, for the
first time, a microstrip line that supports a traveling wave is
used as bit phase sources with any bit number to construct
reconfigurable fixed-frequency beam steering bit arrays. Using
the TM1n0 (n = 0.5) open cavity as the radiating element, a ten-
element reconfigurable 2-bit fixed-frequency beam steering array
operating at 5 GHz is designed and fabricated to verify the idea.
By sampling two feed points with a separation distance of a
quarter wavelength on one side of the microstrip line, the phase
states of 0° and −90° are obtained; other two counterpart points
on the other side of the line can offer the phase states of −180°
and −270°, producing the required 2-bit unit. Five prototypes
representing five array configurations show a measured scan
range of 94° between −48° and +46° at 5 GHz, and the
measured five beams show good quality and consistency: the
peak gains range from 10.01 to 12.33 dBi with a gain variation of
only 2.32 dB and the 3 dB beam widths vary between 13° and 17°.

Index Terms— 2-bit array, fixed-frequency beam steering,
microstrip line, phased array, reconfigurable antenna.

I. INTRODUCTION

BEAM steering can be classified into frequency scanning
and fixed-frequency scanning. As most wireless sys-

tems are assigned to operate within an allocated frequency
band, the fixed-frequency beam steering is more preferable
in realistic applications [1]. Reconfigurable antennas possess
fixed-frequency beam steering ability and they have been
widely used in automotive radars [2], high-resolution imaging
systems [3], and advanced satellite communications [4]. The
common type of the fixed-frequency beam steering antennas
introduce phase shifter that can supply continuous variable
phases to each array element [1], [5], [6]. However, the
continuous variable phase shifters suffer from the problems of
difficult analog control, temperature instability, and variable
insertion loss under different phase states [4], [7].
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Reconfigurable bit arrays that discretize the phases of the
array elements provide simplified schemes for fixed-frequency
beam steering [8]. For an n-bit array, each radiating unit has
an available quantized phase number of 2n and the desired
phase is replaced with its nearest available quantized phase.
Reconfigurable radiating units are usually integrated with
various kinds of tunable bit components, such as binary switch,
p-i-n diode, and digital phase shifter, to switchover between
different phase states. Compared to the beam steering arrays
using continuous adjustable phases, bit arrays effectively sim-
plify the biasing network as well as the controlling logic,
reduce the insertion loss, and lower the cost [9], [10].

Reconfigurable bit arrays can be categorized into three
types: the first one is reconfigurable bit reflectarray [9], [11]
and transmitarray [10], [12], which constitute the major-
ity of the bit arrays. These antennas have the advan-
tage of a full-blown design cycle, a simple spatial feed,
and not requiring to consider impedance matching, but
the illuminating feed, required focal diameter ratio, and
antenna supporter make them 3-D structures, restricting their
applications in space-limited scenarios. The second one is
feed-network-based reconfigurable array with digital phase
shifter loaded to each radiating element [13]–[15]. These
antennas have a planar structure, but the matching conditions
under different array configurations, that is, array elements
under different phase states for producing different beams,
are different, making the design irregular and complex. The
third one is the reconfigurable traveling-wave antenna loaded
with tunable bit components. The most common reconfig-
urable traveling-wave antenna is the reconfigurable half-mode
waveguide leaky-wave antenna [16], [17]. Lump capacitors or
shorted circuits with a period of subwavelength are controlled
to be loaded or unloaded on the open side of the half-mode
waveguide; in this manner, the dispersion characteristic at a
fixed frequency can be manipulated, allowing fixed-frequency
beam steering.

In this paper, first, the scanning performance at a fixed
frequency of the 2-bit array is studied. Then, the general
scheme of the bit array with any bit number based on a
traveling-wave microstrip line is proposed, and a realistic
2-bit antenna model is introduced to verify the feasibility of
the design strategy. The TM1n0 (n = 0.5) mode radiating
cavity that acts as the radiating element on one side of the
microstrip line has two potential feed points with a separation
distance of a quarter wavelength, providing the phase states
of 0° and −90°; the other cavity symmetrically located on
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the other side of the line offers other two phases of −180°
and −270°. In this way, a reconfigurable 2-bit unit is built.
Ten pairs of the cavity that are located on two sides of a
long microstrip line form the proposed reconfigurable 2-bit
fixed-frequency beam steering array. Five prototypes repre-
senting five array configurations are fabricated and measured
to verify the idea. Within the measured scan range of 94°
between −48° and +46°, the scanning beams exhibit good
quality. To the best of the authors’ knowledge, no other work
that presents a design of reconfigurable bit arrays based on a
microstrip line has been reported.

II. BIT ARRAYS

Bit arrays reduce system complexity and cost, but sacrificing
antenna performance. In this section, the effect of phase
quantization error on the scanning performances at a fixed
frequency of the 2-bit linear array is studied, and the result of
the ideal array that offers the exact required phases is presented
for comparison. Linear isotropic source array with an element
spacing of half wavelength is calculated using the MATLAB
software. Fig. 1 shows calculation model of the ten-unit array.

Fig. 2 shows the array factors of the ten-unit 2-bit and ideal
arrays under four scan angles of 15°, 25°, 45°, and 60°. It is
worth noting that, at some specific scan angles, the required
excitation phases are the same with their quantized phases;
therefore, a bit array with any number of phase states can
realize the same performance with the ideal array at that scan
angle. For example, when the scan angle is 0°, all the units
should be excited with the same phase, and any bit array
can achieve an ideal in-phase aperture. As seen from the
four patterns in Fig. 2, the main lobes of the 2-bit array are
very close to the ideal case. The actual scan angles of the
ten-unit 2-bit array and the target scan angles are compared
in Table I: the maximum error is 1.5° when scanning to 60°.
On the other hand, the side lobes of the 2-bit array are worse
than the ideal case attributing to the phase quantization error.
For the ideal array, the radiation field of each element produces
ideal constructive interference at the desired angle. However,
for the 2-bit array, only the relative phase relations of the
array elements are roughly remained due to that the phases
are quantized. As a result, the 2-bit array cannot generate
ideal constructive interference at the desired angle, leading
to a decreased main lobe gain and increased sidelobe levels.

Fig. 3 shows the scanning performance of the 50-unit 2-bit
array. The main lobes of the 2-bit array are almost overlapped
with the ideal case. Table I also shows the four actual scan
angles of the 5- and 50-unit 2-bit arrays and the target scan
angles: the maximum error is 3.6° when scanning to 45° for
the five-unit array, whereas it is only 0.1° when scanning to 15°
for the 50-unit array. On the other hand, the side lobes improve
as the array size enlarges. More importantly, by comparing the
two 60° patterns in Figs. 2(d) and 3(d), it can be found that the
scanning performance at low elevation angles improves with
the expansion of the array size.

Next, the angle errors of the 2-bit array with three array
sizes of 5, 10, and 50 when scanning from 0° to 60° are
studied. 601 beams with a scan angle tick of 0.1° are analyzed.
Fig. 4 compares the target scan angles and the actual scan

Fig. 1. Calculated model of the ten-unit isotropic array.

Fig. 2. Calculated array factors of the 2-bit and ideal arrays with the array
size of 10 when the scan angles are (a) 15°, (b) 25°, (c) 45°, and (d) 60°.

TABLE I

ACTUAL SCAN ANGLES OF THE 2-bit ARRAY

AND THE TARGET SCAN ANGLES

angles of the 2-bit array under two array sizes of 5 and 50,
and the maximum angle errors (MAEs) are marked in Fig. 4.
To make the figures brief, the ten-unit array case is omitted.
As seen, that angle deviation direction is irregular and the
angle errors may be positive or negative with no rules to
follow. It can be concluded that the angle error decreases as
the array size enlarges.

III. CONCEPT OF THE RECONFIGURABLE BIT ARRAYS

BASED ON MICROSTRIP LINE

A. General Scheme of the Bit Arrays

In this section, a general scheme of the reconfigurable
bit array with any bit number based on a microstrip line is
proposed. A microstrip line that supports a traveling wave
can provide continuous 360° phase range; therefore, it has the
potential to be used as a bit phase source with any bit number.
The schematic of the proposed concept is illustrated in Fig. 5.



CHANG et al.: RECONFIGURABLE 2-bit FIXED-FREQUENCY BEAM STEERING ARRAY 685

Fig. 3. Calculated array factors of the 2-bit and ideal arrays with the array
size of 50 when the scan angles are (a) 15°, (b) 25°, (c) 45°, and (d) 60°.

Fig. 4. Actual scan angles of the 2-bit array under two array sizes of 5 and
50 compare with the target scan angles of the ideal array. (601 beams within
the scan range from 0° to 60° with a scan angle tick of 0.1° are studied, and
the MAEs are marked in the figures).

Fig. 5(a) depicts the schematic of the 1-bit array. Travel-
ing wave propagates along the microstrip line and a series
of antenna pairs with a period of dp (e.g., ANT-1 and
ANT-2 that are located symmetrically beside the line constitute
an antenna pair) are situated on both sides of the line.
For each antenna, a single binary switch is used to control the
connection with the line. The antenna connected with the line
can be excited properly for effective radiation, whereas the
antenna disconnected with the line is isolated with the line.
Only one of a pair of switch is “ON” and the other is “OFF”
each time. Attributing to the mirror relations and the same
excitation approach, the radiation fields of ANT-1 and ANT-2
will have a 180° phase difference, thus, as in the case of other
antenna pairs, providing the required two phase states (0° and
180° ) of the 1-bit unit. By loading a number of such 1 b units
periodically along the line, a reconfigurable 1-bit linear array
is built.

Fig. 5. Schematic diagrams of the proposed reconfigurable (a) 1, (b) 2, and
(c) 3-bit linear arrays based on a traveling-wave microstrip line. (The realized
phase states are marked in the figures).

Fig. 5(b) depicts the schematic of the 2-bit array. As in
the 1 b array case, a series of antenna pairs (e.g., ANT-1
and ANT-2, ANT-3, and ANT-4, ANT-5, and ANT-6) is
situated on both sides of the line. For each antenna, such
as ANT-1, two binary switches (Switch-1 and Switch-2) are
used to control which link is connected and which link is
disconnected, and either of the two links (OA or OB) is
established; thus, ANT-1 will be excited for effective radiation.
More importantly, the distance between the two connecting
points A and B is a quarter wavelength. In this way, ANT-1
possesses two excitation phases of 0° and −90° : if Switch-1
is “ON” and Switch-2 is “OFF,” assuming that the excitation
phase is ϕ; then, if Switch-1 is “OFF” and Switch-2 is “ON,”
ANT-1 will be excited with the phase of (ϕ-90° ). On the
other hand, attributing to the mirror relations and the same
excitation approach, ANT-2 on the other side of the line can
provide two other excitation phases that have a 180° difference
with that of the ANT-1. As a result, a reconfigurable 2-bit unit
is constructed. For each 2-bit unit, only one switch is “ON”
and the rest are “OFF.” By loading a number of such 2-bit
units periodically along the line, a reconfigurable 2-bit linear
array is built.

Fig. 5(c) depicts the schematic of the 3-bit array. The eight
phase states of the 3-bit array are achieved with the same
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principle of the 2-bit array. Four binary switches are used to
select the connecting links of an antenna with the line, and
the distance between each adjacent connecting points of the
same antenna is one-eighth of a wavelength, providing the
required 45° phase difference. The realized eight phases are
marked in Fig. 5(c). By loading a number of such 3-bit units
periodically along the line, a reconfigurable 3-bit linear array
is built.

By that analogy, reconfigurable n-bit unit can be obtained
using 2n switches, forming a reconfigurable bit array with any
bit number.

B. Method of Obtaining the Quantized Phase Distribution

The proposed bit array can scan the main beam by varying
the array configuration, which means selecting a proper state
of each bit unit. The method of achieving the quantized phase
distributions for different beams is discussed. The required
excitation phase distribution �req for θm beam is

�req = −k0 × dp × sin(θm) × n(n = 1, . . . , N ) (1)

where k0 is the wavenumber in free space, dp is the element
spacing, n is the number of the array element, and N is the
array size. These bit units are excited by the traveling wave of
the line in sequence; so that the adjacent units have a constant
excitation phase difference that is determined by the spacing.
The constant phase difference �ϕ is

�ϕ = 360°

λg
× dp (2)

where λg is the wavelength in the substrate. The inherent
excitation phase distribution �inh of the array is

�inh = −�ϕ × n(n = 1, . . . , N ). (3)

The required phase shift distribution of the array is

�pha−shf = �req − �inh + �0 (4)

where �0 is an adjustment variable that can be used to
optimize beam quality, such as decreasing the angle errors and
improving the sidelobe levels. Next, normalizing the required
phase shifts within the phase range of −360° to 0°, and then
quantizing them into two states for 1-bit array, four states for
2b array, eight states for 3-bit array, and so on, to obtain the
quantized phase distribution �qua. Using the 2-bit array as
an example, the quantized phase distribution �qua is obtained
according to the following principle:

ϕqua =

⎧
⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

0° ϕobj ≥ −45°orϕobj < −315°

−90° −135° ≤ ϕobj < −45°

−180° −225° ≤ ϕobj < −135°

−270° −315° ≤ ϕobj < −225°.

(5)

Finally, the quantized phase distributions for all the scanning
beams can be obtained, and each quantized phase distribution
corresponds to a specific array configuration.

Fig. 6. (a) Proposed reconfigurable 2-bit fix-frequency beam steering antenna
array based on a traveling-wave microstrip line (Unit: mm). (b) Four quantized
phase states of the reconfigurable 2-bit unit.

IV. REALIZED ARRAY MODEL

Discussion in Section II shows that the 2-bit array is a
nice compromise between performance and complexity. In this
section, a realistic reconfigurable 2-bit fixed-frequency beam
steering array based on a microstrip line is proposed to verify
the design strategy.

Fig. 6(a) shows the realized model of the reconfigurable
2-bit array based on a microstrip line. It is a ten-unit
fix-frequency beam steering antenna array operating at 5 GHz.
The whole antenna with a dimension of 264 × 32.8 mm2 is
designed on a single substrate board and the substrate used
here is the Taconic TLX-8 (εr = 2.55, tanδ = 0.0019)
with a thickness of 2.54 mm. The TM1n0(n = 0.5) open
cavity acts as the radiating element [18]. Each pair of the
two symmetrical cavities constitutes a reconfigurable 2-bit
unit, and ten such pairs are situated on both sides of a long
microstrip line that supports a traveling wave. The spacing of
the adjacent cavities is slightly smaller than half free space
wavelength at 5 GHz to improve the scanning performance
at low elevation angles. For each radiating cavity, two short
stubs with a separation distance of a quarter wavelength in
the substrate at 5 GHz stretching out from its free edge act
as two potential feed points to provide two phases of 0° and
−90°. Tunable components such as binary switches or p-i-
n diodes are loaded on the gaps between the stubs and the
microstrip line. Two identical matching sections located in the
front and rear ends are adopted for good impedance matching.
The bottom layer is the ground plane. The antenna is fed from
port 1 and the residual energy not radiated is absorbed by a
matching load or attenuator connecting with port 2.
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TABLE II

DETAILED DIMENSIONS OF THE PROPOSED 2-bit ARRAY (UNIT: mm)

The microstrip line has a length of 248 mm and a
width of 1.5 mm. The radiating cavity has a dimension
of 23 × 9.6 mm2, and the spacing of the adjacent cavities
is 25 mm (∼0.42λ0). Each two stubs from the same cavity
have a separation distance of 10 mm, and all the stubs have
the same dimension of 3 × 2 mm2. The gap between the stub
and the microstrip line has a width of 2 mm. The diameter
and spacing of the metallized holes are 0.5 and 0.8 mm,
respectively, and the distance between the hole edge and
the board edge is 0.4 mm. Detailed dimensions are shown
in Table II. The numerical results presented in this paper are
obtained using the commercial software of High-Frequency
Structure Simulator (version 14) based on the finite-element
method.

Fig. 6(b) describes the four quantized phase states of the
reconfigurable 2-bit unit. For a single cavity, either of the
two stubs can excite the cavity properly if it is connected
with the microstrip line through some tunable binary devices.
Here, for simplicity, the “ON” state is indicated by extending
the stub until it touches the line, whereas the “OFF” state is
indicated by leaving the gap open [17]. For a 2-bit unit, only
one stub (active stub) is used to connect with the microstrip
line, whereas the remaining three are disconnected.

Then, the considerations of selecting several critical parame-
ters are discussed. First, the distance (ls+gap) between the free
edge of the radiating cavity and the microstrip line is selected
for properly exciting the active cavity and isolating the inactive
cavity. If the distance is too small, the inactive cavity will be
excited by coupling; if it is too far, the active cavity is difficult
to excite. Second, the stub should be operated as a feed line,
other than a radiating part. If the stub width is too wide, it
acts as a radiating part of the cavity, leading to a decreased
distance between the free edge of the cavity and the line; if
the width is too narrow, each active cavity is only coupled
with a little energy, and most of the power will be absorbed
by port 2, leading to a rather weak radiating ability. Third,
the height of the substrate affects the radiating ability of the
each cavity. It is selected to make each cavity possess good
radiating ability.

V. SIMULATED PERFORMANCE

A. Fixed-Frequency Beam Steering

The array configurations for different beams can be obtained
using the method introduced in Section III. Table III shows
the array configurations for several target scan angles (−50°
to +50° with an angle tick of 25° ) at 5 GHz, and the actual
scan angles are also presented. The angle errors caused by
phase quantization error are less than 4°.

Next, the scan range at 5 GHz is explored. In this step, we
discuss the antenna without matching sections, and the quality
of the directivity patterns is used as a criterion to evaluate the
scan range. Twelve realized co-polarized directivity patterns
in the H-plane (xz plane) at 5 GHz within the target scan
range from −50° to +50° are shown in Fig. 7(a). The actual
scan range is from −48° to +46°, and within this 94° scope,
the peak directivities range from 12.25 to 13.79 dBi with
a variation of only 1.54 dB. Beyond −48° or +46°, the
radiation patterns are unacceptable due to the high side lobes.
As discussed in Section II, a wider scan range can be obtained
using a longer array.

Although the different array configurations have different
input impedances, these impedances fluctuate within a limited
region around 110 	, that is, the characteristic impedance
of the microstrip line. It indicates that these 2-bit units only
have little impact on the microstrip line. Thus, the proposed
reconfigurable array is easy to be matched. Here, simple
microstrip line segments are used for impedance matching as
shown in Fig. 6.

When the antenna is matched, the S-parameters, power
budget, directivities, and gains are explored. Here, the research
objects are the 21 array configurations when the array scans
from −50° to 50° with an angle tick of 5°. Fig. 7(b) shows
the 21 reflection and transmission coefficients at 5 GHz.
As shown, except for the array configuration that points to 0°,
where a mild stopband phenomenon of the traveling-wave
array appears, it has a reflection coefficient of −6.95 dB,
whereas the reflection coefficients of the remaining config-
urations are all better than −10 dB. Transmission coefficient
that reflects the amount of the residual energy absorbed by
port 2 varies between −5.37 and −17.66 dB. Port 2 gets more
power when scanning at a lower elevation angle, indicating
that the array configurations pointing to lower angles have
a relatively poor radiating ability. Fig. 7(c) shows the power
budget, including four parts: the power returned to port 1, the
power absorbed by port 2, the power dissipated by ohmic and
dielectric losses, and the power radiated into space. Even for
the worst case, 61.5% of the input power is radiated. Thus,
the reconfigurable 2-bit array possesses acceptable radiation
ability. Fig. 7(d) shows the 21 peak directivities and gains
at 5 GHz. The directivities fluctuate within 1.54 dB from
12.25 to 13.79 dBi, whereas the gains fluctuate within 2.49 dB
from 10.43 to 12.92 dBi.

Therefore, at 5 GHz, the proposed antenna realizes a scan
range of 94° from the backward −48° across the broadside to
the forward +46°.

B. Reconfigurable 2-bit Array With Actual Switch

The methodology and components (GaAs MA4G907 p-i-n
diodes) used by [17] are adopted to study the impact of the
actual switches. The diode is modeled as a 4.2 	 resistor for
the “ON” state and a 0.025 pF capacitor for the “OFF” state.
Fig. 8 shows five directivity patterns of the ten element 2-bit
reconfigurable array with ideal switches (cut off for “OFF” and
connect for “ON”) and actual switches, where the solid lines
denote the patterns of the ideal case and the dash lines denote
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TABLE III

ARRAY CONFIGURATIONS FOR SEVERAL TARGET SCAN ANGLES, AND THE ACTUAL SCAN ANGLES (AT 5 GHz)

Fig. 7. (a) 12 realized co-polarized directivity patterns in the H-plane (xz plane) at 5 GHz within the target scan range from −50° to +50°. When the array
scans from −50° to +50° with an angle tick of 5°. (b) Reflection and transmission coefficients of different array configurations at 5 GHz. (c) Power budget
at 5 GHz. (d) Peak gains and directivities of the 21 beams at 5 GHz.

Fig. 8. Five directivity patterns of the ten-element 2-bit reconfigurable array
with ideal switches and actual switches.

the patterns of the actual case. Patterns of the two cases are
similar in shape. The patterns of the actual case shift 3° −7°
toward positive direction compared to the patterns of the ideal
case: for the ideal case, the five beams point to −48°, −25°,
−1°, 26°, and 46° with the peak directivities of 12.59, 13.06,
12.48, 13.27, and 13.69 dBi, respectively, whereas for the
actual case, the five beams point to −42°, −22°, 4°, 31°, and
53° with the peak directivities of 12.10, 12.55, 12.24, 12.81,
and 13.11 dBi, respectively. The maximum angle deviations
are mainly caused by the capacitance of the p-i-n diodes of
the “OFF” state, and the angle deviations can be modified by
optimizing the parameter �0 in (4). Thus, it can be concluded
from Fig. 8 that the reconfigurable 2-bit array is feasible using
an actual switch in a real electronic environment.

Fig. 9. Five prototypes represent five array configurations pointing to
different directions. Inset: 30 dB attenuator.

VI. MEASURED PERFORMANCE

To verify the design strategy, array configurations point-
ing to −50°, −25°, 0°, 25°, and 50° with the names of
Prototype-5, Prototype-4, Prototype-1, Prototype-2, and
Prototype-3 are fabricated as shown in Fig. 9. A 30 dB
attenuator shown in Fig. 9(top) is adopted to terminate port 2.
A segment of sticky copper foil is used to create
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Fig. 10. (a1) and (a2) Measured and simulated S-parameters in the band from 4.5 to 5.5 GHz. (b1) and (b2) Co-polarized and cross-polarized H-plane
radiation patterns of the five prototypes at 5 GHz.

the “ON” state. S-parameters were measured using an E5071B
vector network analyzer (300 kHz–9 GHz), and the radiation
patterns were measured in a far-field anechoic chamber.

Fig. 10(a1) and (a2) shows the measured and simulated
S-parameters in the band from 4.5 to 5.5 GHz. The measured
results agree well with the simulation. For the measured
reflection coefficients, all of the five prototypes have an
acceptable matching condition, that is, better than −5 dB
from 4.5 to 5.5 GHz; at 5 GHz, Prototype-1 is better than
−6.2 dB, and the remaining are all better than −10 dB.
For the measured transmission coefficients, Prototype-1,
Prototype-2, and Prototype-4 pointing to higher elevation
angles have a lower value than Prototype-3 and Prototype-5
pointing to lower. However, only a small amount of power is

absorbed by port 2 at around 5 GHz for the five prototypes.
In short, most of the input power of the five prototypes is
radiated at around 5 GHz. Fig. 10(b1) and (b2) shows the
co-polarized (Eϕ) and cross-polarized (Eθ ) H-plane radiation
patterns of the five prototypes at 5 GHz. The measured
main lobes almost overlap the simulation and the measured
maximum directions are identical with the simulated ones.
The five beams with a similar shape exhibit good beam
consistency when scanning from backward to forward going
through the maximum directions of −48°, −25°, −1°,
26°, and 46°. The measured peak gains are 10.01, 12.20,
10.46, 12.33, and 11.71 dBi, respectively, with a gain variation
of only 2.31 dB, and the 3 dB beam widths of the five patterns
are 17°, 15°, 14°, 13°, and 17°, respectively, with a fluctuation



690 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 66, NO. 2, FEBRUARY 2018

of less than 4°. The measured cross-polarized levels maintain
a rather low level. The side lobes of these patterns are a little
large: the measured maximum side lobes of the five patterns
are all around 6 dB. This is caused by the excitation amplitudes
of the radiating elements that have not been controlled: the
amplitudes decrease from the front end to the rear end.
If better sidelobe levels are desired, the excitation amplitudes
need to be shaped as a triangular distribution, which can be
achieved by controlling the width of the feeding stub or/and
the size of the radiating cavity. Therefore, the proposed array
possesses a scan range of 94° between −48° and +46°.

It is worth to mention that the radiation of the long
microstrip line deteriorates the radiation patterns to a certain
degree. The substrate used is 2.54 mm thick, corresponding
to a width-to-height ratio of 0.59 for the microstrip line.
The radiation rate of the separated line falls in the range of
7.7%–10.3% within the frequency range of 4.5–5.5 GHz. This
radiation rate is low, but still deteriorates the radiation patterns
to a certain degree, such as deteriorating the sidelobe and cross
polarization levels.

VII. CONCLUSION

In this paper, a systematic study of the 2-bit array has
been conducted and showed that the 2-bit array is a nice
compromise between complexity and performance. Then, the
general scheme of the reconfigurable bit array with any bit
number based on microstrip line is proposed. To the best of the
authors’ knowledge, this is the first time that a bit array based
on microstrip line is reported. A realistic 2-bit array model
is introduced to demonstrate the design idea. The proposed
reconfigurable 2-bit array achieves a measured scan range
of 94° between −48° and +46° at 5 GHz, and within the
scan range, the beam qualities are good: the peak gains range
from 10.01 to 12.33 dBi and the 3 dB beam widths vary
between 13° and 17°.
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