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Optimum Design of Feed Structures for High
Passive and Active Antenna Arrays

Simsek Demir and Canan Toker

Abstract—In this work, noise analysis of parallel feed structures
is presented. Signal and noise behavior of the feed structures
are signified by the newly introduced concepts of “coherent” and
“incoherent” impedance match of power-combining structures.
It is also shown that a feed structure can be redesigned for low-
noise operation without affecting the radiation characteristics.
Optimum design of parallel feed structures for low-noise opera-
tion is explained. Also an optimum use of active elements in such
structures is investigated to have a low overall noise temperature
of the antenna array with minimum number of active elements.
In the analysis, a new method is introduced where a “noise-
equivalent line length” (NELL) is defined. This definition, which
unifies the contribution of noise from different array elements, is
used in the design of a parallel feed structure and as an active
circuit replacement criteria in passive arrays.

Index Terms—Antenna arrays, feeds.

I. INTRODUCTION

NOISE performance is an important figure of merit for
receive antennas. Noise calculations for receive arrays

date back to the 1960’s where antenna arrays were investigated
for better signal-to-noise ratios [1]–[5]. In recent years, there
is an intensive research on active antenna structures for both
transmit and receive operations [6]–[13]. Some special studies
for noise performance evaluation and measurement were also
carried out [14]–[15]. However, in these analysis, noise con-
tribution of feed lines was not specifically taken into account.
Noise analysis and noise performance evaluation of an antenna
array is not complete without assessment of noise contribution
from its feed structure, particularly for large arrays.

Large antenna arrays are commonly based on printed cir-
cuit technology, which has wide application areas [16]–[18].
There is extensive theoretical and practical work about these
structures and the facts are well understood but still, yet,
intensive research is going on. Without loss of generality, the
antenna array examples, explained in this paper, will be of
printed type. The main advantages of such antennas are easy
integration with active devices, low cost, low profile, flexible
structure, which is suitable for conformal surfaces, and large
variety of antenna element types. On the other hand, due to
the dielectric and conductor losses as well as the spurious
radiation from the feed network, efficiency of such a structure
is low [19] and, consequently, noise performance is moderate.
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Feed network design is an important part of a printed antenna
array design. There are some standard forms of such structures
[20]–[22]. Also, some specific studies on these structures such
as radiation loss of feed structures, specific feed types, and
application of Thevenin theorem to feed network design are
present in the literature [23]–[25]. However, noise analysis and
general guide lines for low-noise design of feed structures do
not appear in the literature.

Receive antenna arrays are power combining structures
and their design for certain radiation characteristics is re-
lated to the case where all elements receive coherent signal.
Feed structure designs in the literature are mainly concerned
with impedance matching for coherent excitation. However,
impedance matching for coherent excitation does not imply the
incoherent impedance matching, which is the case where the
signals combined in the structure are incoherent. The response
of a combiner (such as a feed network) to excitations from
incoherent sources such as thermal noise of the lines is totally
different and such a concept was not considered previously.
A method called “active element approach” similiarly uses
excitation of a single element [26], but this is intended for
mutual coupling analysis among antenna elements in the array.
In our work, incoherent matching of the line segments in a feed
structure is introduced for the first time. Moreover, for receive
antenna arrays it is difficult to measure the noise temperature of
the array [14]–[15]. Therefore, reliable theoretical prediction
is of ultimate importance for noise characterization of these
structures.

Antenna array feed structures are mainly of two types:
1) parallel (parallel feed and corporate feed) and 2) series
structures. A parallel feed structure is, indeed, a system of
power combiners; the received power by individual antenna
elements in the array are sequentially combined in an order
prior to the output of the array. As a general definition, feed
structures are used to combine the received power of antenna
elements of an antenna array with predetermined combination
coefficients, as in the case of a tapered feed structure, for
a low sidelobe level array. Signal combination is based on
coherent operation. There is a strong correlation in the noise
received by antenna elements from space; therefore, space
noise can be treated as a signal coming from outside the
antenna and signal-to-noise ratio calculations can be carried
out accordingly [1]–[5].

Antenna arrays are, in general, composed of identical el-
ements. Therefore, unequal power combiners together with
impedance transformers are used for feed tapering, where
both structures are realized using line segments. Feed struc-
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ture is designed by adjusting the lengths and characteristic
impedances of these line segments.

Sources of the noise at the output of a receive array are
the space noise, antenna element noise, and the feed structure
noise. In active arrays, noise contribution of active circuits
within the structure should also be considered. Our analysis
is concerned with the thermal noise generated by the feed
lines and noise contribution of the active elements with special
emphasis on noise performance of the feed structure.

In practice, line segments in a feed structure are lossy.
A lossy line generates thermal noise which is uncorrelated
with other noise sources in the system. Therefore, unlike
space noise, noise generated inside the antenna structure is
incoherent. Noise generated by a line segment is delivered to
the receive port through the feed structure and superposed at
the output with other noise signals to yield the overall noise
power. Response of an antenna array to the internal noise
signals is different than its response to received signal. We
will focus on coherent and incoherent operation of the array
structure where coherent operation corresponds to receiving a
signal and incoherent operation stands for response to internal
noise.

In Section II, a new concept which is termed as “noise-
equivalent line length” (NELL) is defined whereby noise
contributions from different parts of a feed structure can be
identified by a single parameter. This parameter, i.e., “NELL”
is in dimensions of physical length and, hence, provides a
suitable means of comparison of noise contributions from
different sections of the feed structure. In Section III, analysis
of double section quarter-wave-line impedance transformers
is presented and NELL of such a transformer is given. The
characteristic impedances of the quarter-wave-line segments
which yield optimum noise performance are also given. In
Section IV, noise analysis of unequal power combiners is
given. Following this analysis, “weighted NELL” and its ap-
plication in calculation of NELL of combiners are introduced.
In Section V, a situation where active circuits are placed in
the feed structure is considered and noise performance of
such a feed structure is formulated. An optimum placement
criteria of active circuits, corresponding to the minimum
use of active elements for low-noise operation is derived.
Examples are given in Section VI demonstrating the use of
formulations given in previous sections to evaluate the overall
noise performance of a 4 8 corporate fed patch antenna
array and 2 parallel arm feed structure. An example
which demonstrates the improvement in noise performance
for various placement points of active circuits in a 1616
array is given.

II. NOISE-EQUIVALENT LINE LENGTH

As stated above, the main disadvantage of the feed lines is
the loss associated with them which is a thermal noise source.
Characteristic impedance of the line , attenuation per unit
length of the line , length of the line , and the ambient
temperature determine the generated noise power [27].

The attenuation factor of the line introduces an imaginary
part to the but it is assumed that line is low loss

and, therefore, remains practically real. The source and
load reflection coefficients are defined with respect to the
characteristic impedance of the line

(1)

(2)

The loss factor is defined as

(3)

Noise power of a lossy transmission line delivered to the
load is given in [27, eq. (5.60)] as

(4)

where is the propagation constant and hereis
defined as in (3).

The available noise power is essential for evaluating the
noise performance. In the following lines, available noise
power of a low-loss line is formulated. The output impedance
of a transmission line with a source reflection coefficient of

is

(5)

The conjugately matched load impedance is , thus

(6)

Substituting this definition of in (4), available noise power
of a low-loss transmission line is obtained as

(7)

Available noise power of a low-loss transmission line is a
function of source mismatch and loss factor. This power
increases with increasing magnitude of source reflection co-
efficient which is clearly seen in the following arrangement
of (7):

(8)

As increases, the denominator of the second term in the
summation decreases, hence, the summation itself increases;
that is, available noise power increases with increasing source
mismatch. The upper limit of this available power is found
by substituting the upper limit of , i.e., , into the
above equation

(9)
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This result means that in the limit of mismatch, a low-
loss transmission line introduces an available noise power
equal to the available noise power of a resistor. Therefore,
incoherent impedance matching of the feed structure is of
ultimate importance from point of view of noise generation.

The above noise analysis is used toward the definition of
a NELL which simplifies the noise performance evaluation
of the feed structures considerably. In doing so, the noise
contribution from each element of a feed structure to the
output noise power is expressed in terms of a single parameter,
which explicitly puts the strength of the contribution relative to
the theoretical minimum. Simple addition of these equivalent
line lengths yields the overall noise performance of the feed
structure. Moreover, this uncomplicated parameter is used as
a replacement criteria of active circuits in an antenna array for
the optimum noise performance as explained in Section V.

Let be the loss factor of the line under investigation which
has a source reflection coefficient and a loss coefficient .
Its available noise power is given by (7). Let be
the loss factor of a line that has a line length and has the
same loss coefficient. Furthermore, let this line be impedance
matched at its source side so that its available noise power is
given by

(10)

Now, we can make the two lines “equivalent” as far as their
available noise powers are concerned. By equating to

, the loss factor of the equivalent line turns out to be

(11)

Consequently, NELL of the line turns out to be

(12)

Notice that in this equation the equivalent line is also assumed
to have the same attenuation coefficient. Equations (11) and
(12) in the form above will be used toward the definition of
a weighted equivalent line length, however, they can also be
arranged as

(13)

Using the equivalent line length, output noise temperature
can be obtained through (10). Notice that noise-equivalent
length of a mismatched line is longer than its physical length,
where minimum noise-equivalent length which corresponds
to matched case is equal to its physical length. Without
comparing the actual noise temperatures, one can deduce the
effect of mismatch on noise generation by comparing the noise
equivalent and physical lengths. In Fig. 1, NELL of a line
normalized with its physical length is given as a function of
the source-reflection coefficient.

The potential of the NELL is its ease of use in noise calcu-
lation of line type structures. Let us consider two transmission

Fig. 1. Variation of NELL with the source-reflection coefficient, normalized
with its physical line length.

lines connected in cascade. Let and be the NELL’s
of these two transmission lines and and be the
corresponding noise-equivalent loss factors. Available noise
powers generated by these two lines will be given by

(14)

The noise power generated by the first line will be attenuated
through the second line and the total available noise power of
the cascaded lines will be obtained by

(15)

The noise-equivalent loss for the cascaded lines is
obtained as follows:

(16)

That is

(17)

and also

(18)

In conclusion, the overall NELL of cascaded line sections is
given by addition of NELL’s of the individual line sections.
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Fig. 2. Schematic representation of a double section quarter-wave-line
impedance transformer.

III. N OISE ANALYSIS OF QUARTER-WAVE-LINE

IMPEDANCE TRANSFORMERS

The power combination weights in a combiner are pro-
portional to the impedances of the combining arms at the
junction point of the arms. Therefore, impedance transforma-
tion should be introduced to realize a tapered feed structure.
If no impedance transforming structures are used, the array
will be a uniform fed array. Impedance transformation might
be introduced at the branches connecting antenna elements
to the parallel arm or, in general, on the line segments of
the parallel arm, between connection points of two successive
elements. Quarter-wave-line segments are most suitable for
this impedance transformation.

Quarter-wave-line impedance transformers are generally
used as double section transformers. For these structures, ratios
of characteristic impedances of consecutive line sections are
important but the characteristic impedances of the individual
transmission line sections are not important for the transfor-
mation operation. On the other hand, as explained above,
characteristic impedance of a line section is effective in the
noise contribution of that line section. In the following section,
first, noise contribution of a double section quarter-wave-
line transformer is given and then, the method to determine
the characteristic impedance of the lines for optimum noise
performance is explained.

In Fig. 2, a double section quarter-wave-line transformer is
shown. and stand for the characteristic impedances of
the two line segments. Thus, the impedance transformation
ratio is . Attenuation factor is not a strong
function of the line width, i.e., of the characteristic impedance;
therefore, for the sake of simplicity and without loss of
generality, the two consecutive line sections are assumed to
have the same attenuation factor.

For the first-line section source, impedance is
this line section generates an available noise power and
delivers it to the load impedance. The impedance transformer
structure is designed to be a matched structure, therefore, the
delivered power is equal to the available power. The available
noise power of the first line section is

(19)

For the second line section source, impedance is
and this line section generates an available noise power
and delivers it to the load impedance

(20)

Fig. 3. Characteristic impedance of the line segments of a double section
quarter-wave-line impedance transformer normalized with source impedance
as a function of impedance transformation ratioq

2.

The total noise power delivered to the load by the lossy quarter
wave transmission lines is

(21)

This total noise power is a function of . In order to
minimize this noise power an optimum can be chosen and
then can be adjusted to satisfy the required impedance
transformation; that is, is chosen such that

(22)

The characteristic impedance , which satisfies the above
equation can be represented by the following approximation
for low-loss line segments:

(23)

For a source impedance of 50, variation of optimum
as defined in the above equation with respect to impedance
transformation ratio is shown in Fig. 3. NELL of double sec-
tion quarter-wave-line impedance transformers as a function
of for various values of is given in Fig. 4, where
the equivalent length is normalized with the physical length.
The minima of the curves on these graphs correspond to the
optimum noise performance of the transformer for a given
impedance transformation ratio .

Substituting (23) into (19) and (20) and using (12), NELL
is obtained as

(24)

The variation of normalized NELL with impedance transfor-
mation ratio for the optimum value of as determined
by (23), is given in Fig. 5.
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Fig. 4. NELL of double section impedance transformers normalized with
their physical line lengths as a function of the characteristic impedance of the
first line segment.

Fig. 5. NELL of a double section quarter-wave-line impedance transformer
normalized with its physical line length as a function of impedance transfor-
mation ratioq2, where optimum characteristic impedance line segments are
used.

IV. UNEQUAL POWER COMBINER AND

NOISE-EQUIVALENT LINE LENGTH

In this section, analysis of unequal power combiners
with special emphasis on noise response is introduced. The
schematics of an unequal power combiner is shown in Fig. 6.
A detailed power combination analysis of such a structure is
given in [28]. The power combination ratio is determined by
the impedance of the combining arms seen by the combiner
at the junction point. In order to have a power combination
ratio of , impedances seen at the junction points should
be adjusted to

(25)

Fig. 6. Schematic representation of an unequal transmission line power
combiner.

where combined power is delivered to a load impedance of
.

With these impedances the system is matched for coherent
excitation from the arms and power combination ratio is

, i.e., one arm’s contribution is and the other
arm’s contribution is to the output power, where
is a positive real number. For this structure corresponds
to an equal power combiner. In even mode excitation, i.e.,
coherent excitation, no power is reflected back from the input
ports, i.e., input ports are matched. Sum of the available power
of two sources is equal to the output power. In odd-mode
excitation, all the power is reflected back from the input ports
and no power is coupled to the output port.

Excitation from a single port is constructed by superposing
the input sources of the even and odd mode excitations with
a proper ratio. The power combiner is matched for coherent
excitation, i.e., excitation from both ports, but it is not matched
for excitation from a single port, i.e., incoherent excitation. The
power levels at the ports for such an excitation are as follows:

(26)

Using and alternatively in the above equations, the
results for the two different arms of the same unequal power
combiner can be obtained.

Consequences:

1) Notice that equal excitation of an unequal combiner
does not correspond to even mode excitation. When
the two arms of the combiner are excited with equal
amplitude coherent sources, some power is reflected
back from the input ports and the power delivered
to the output port is a proportional combination of
the two sources, which is seen from simultaneous
interpretation of even- and odd-mode excitations.
This case corresponds to receiving signal by an-
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tenna elements. The antenna elements are identical
and the incident signal wave is uniform. Therefore,
the induced open-circuit voltages on the antenna
elements are equal in magnitude. In a tapered fed
antenna array, some part of the incident power
reflects back from the unequal combiner inputs,
whereas in a uniform fed array all the received power
is transferred to the output port. This means that with
the same number of antenna elements, i.e., with the
same aperture, a uniform fed array receives more
power. This explains the reduced aperture efficiency
in tapered feeds.

2) When only one arm of the combiner is excited,
delivered power to the output port is equal to the
power combination ratio of that arm times the avail-
able power of the source, as seen from (26). This
case corresponds to the response of the combiner to
incoherent sources such as noise.

Noise power at the output port of the combiner due to noise
signals at the input ports can be expressed as

(27)

where and . Notice that
. In other words, output power is a weighted sum of the

input noise powers.
Let us consider a line connected to one of the input ports

of a combiner. Depending on its source impedance incoherent
match conditions, it will have a NELL. Moreover, due to the
weighting of the arms it will have another NELL seen from
the output port of the combiner. In this way, the equivalent
line whose available noise power is equivalent to the noise
power contribution of the line to the output of the combiner is
defined as the weighted noise-equivalent line length (WELL).
The equivalent noise power is obtained by

(28)

where is the weight of the combining arm.
As stated previously, a feed structure is basically a power

combiner structure whose inputs are the antenna elements. As
in a two arm combiner, each input arm, i.e., each antenna
element has a specific weight, which is determined by its
excitation coefficient. There may be several levels of subarrays
in an antenna array structure. Each level of subarrays is also a
combiner structure. Therefore, overall contribution weight of
an antenna element is determined by the combined effects of
the combiners in different levels. Similiarly, weight of an indi-
vidual line segment in the feed structure is determined by the
combiners proceeding the line segment up to the output port.

Using the definition of NELL, the following expression is
obtained for the weighted noise-equivalent line length of a
line section:

(29)

where is determined as described above.

By this definition weighted equivalent length of each line
segment in a structure can be calculated. These weighted
equivalent lengths explicitly give the strength of each noise
source in the structure, which enables the designer to see
the relatively noisy parts of the feed structure. Summation
of weighted equivalent line lengths gives the overall NELL.

In view of (27), if the power inputs to the input arms are
equal to each other, i.e., ,
then output power is equal to the input power from one of the
input ports

(30)

This means that noise-equivalent line of the combiner is the
line on one of the input arms when the two input arms of the
combiner are identical regardless of the combination weights

(31)

When the incoming noise powers are not equal to each other,
the NELL of the combiner can be approximated using (12)
and (27) as follows:

(32)

This approximation is valid within about 10% error for noise
temperatures less than 200K for any combination ratio.
Note that highest noise temperature for a passive structure
is the ambient temperature, i.e., 290K, which corresponds
to a resistor and for low-loss transmission lines; this figure is
usually very much less than 200K.

Output impedance of a parallel fed antenna array decreases
rapidly with the increasing number of parallel connected
antenna elements, which makes it difficult to attain impedance
match for coherent and incoherent operation. This situation
is prevented by implementing impedance transformers at the
connection points of subarrays. In a corporate feed the number
of these connection points is maximum because the number of
antenna elements in the subarrays is the minimum, i.e., two.
Therefore, coherent and incoherent matching can be achieved
more easily in a corporate feed structure.

Weighted noise-equivalent line length formulation is applied
to a element uniform corporate fed microstrip
rectangular patch antenna array which is incoherent impedance
matched. Following is the approximate NELL for this structure
based on (16) and (32):

(33)

Because of spurious radiation losses and conductor losses [25],
realizable microstrip transmission line widths are limited. Con-
sequently, characteristic impedances required for incoherent
impedance match in parallel arm structures are not always
practical and incoherent mismatch is usually unavoidable.
Such a structure may have coherent impedance match but
because of incoherent impedance mismatch, its NELL will
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be much longer than the minimum equivalent length. A 2
element uniform fed parallel arm structure has the following
approximate NELL, including incoherent mismatch:

(34)

where

A two-level parallel arm structure has the shortest physical line
length, but because of the incoherent mismatch, the NELL
might be several times longer than the physical line length.
For a corporate feed structure, the total physical line length
is a maximum, but because of easy integration of impedance
transformers, incoherent impedance can be attained and NELL
can be kept at the minimum. The NELL is a measure to
determine the topology of the array for low-noise operation
from this point of view.

V. ACTIVE CIRCUIT PLACEMENT FOR LOW-NOISE OPERATION

Lengths of the line segments in a feed structure are de-
termined with phasing requirements and characteristic imped-
ances should be chosen for the incoherent impedance match.
However, in some cases, incoherent impedance match might
be unattainable and noise performance might be moderate. For
a large antenna array, active circuit integration might be a
solution to achieve low-noise operation. In that case, NELL
will be a design guide to determine the insertion level of the
active devices in the feed structure. This level depends on the
noise figure and gain of the active circuit and the loss factor
of the line segments.

Formulations (33) and (34) of NELL’s for different feed
structures that accept the number of antenna elements as a
parameter, enable the designer to decide on the number of
elements in a subarray. In the following lines, it will be shown
that a level in the structure may exist such that insertion of the
active device at this level will improve the noise performance.
Fig. 7 shows, schematically, the levels in a corporate feed
structure where active elements are placed at one of them.
Placing active devices at level one is the best choice for lowest
noise performance at the expense of large number of active
circuits, i.e., active circuits. However, there will be a level
in the structure where noise improvement is just achieved with
decreased number of active elements.

Usually, low-noise amplifiers (LNA) are used at the output,
i.e., at level , of the passive receive arrays to decrease
the noise contribution of the proceeding stages in the receiving
system. However, a passive antenna and a LNA connected to
level has a lower than the passive antenna itself
as shown below.

Fig. 7. Schematic representation of aN = 2n element corporate feed
structure.

Signal power at the output of the combination is

(35)

and noise is

(36)

which yields a greater than the

(37)

On the other hand, placing such amplifiers at level,
, in the array to form an active array with distributed

amplification, in any case, improves the performance
compared to such a system of antenna and a LNA connected
to level . In order to see this fact let us consider the
two cases given in Fig. 8. In this figure, the connection point
A of two successive levels and is shown with noise-
equivalent length corresponding to levels one toof the
structure shown in Fig. 7 and noise-equivalent length
corresponding to levels to . This series representation of
NELL’s is possible because of the results given in Section IV
[see (18)]. A feed structure with noise temperature and
efficiency can be partitioned into two consecutive sections
with noise temperatures and efficiencies, , and , ,
respectively, where and and
to improve the performance an LNA can be placed between
these two partitions, as shown in Fig. 8(b). The noise power
generated at the output by the configuration in Fig. 8(a) (where
a single amplifier is used) is given by

(38)

The second case, as shown in Fig. 8(b), corresponds to the
distributed amplification and has the following noise power at
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(a)

(b)

Fig. 8. Active circuit integration with antenna arrays. (a) LNA connected to
level n + 1. (b) LNA’s connected to levelk + 1.

the output:

(39)

The difference of the two noise-power expressions is

(40)

Since and , the single amplifier
case creates strictly more noise power at the output. From the
signal output point of view, the two systems are equivalent.
Therefore, noise performance is the determining factor when
comparing the two systems for performance, which
shows that distributed amplification, in any case, has better

performance.
In addition, depending on and , distributed amplifica-

tion may yield even a better compared to .
When comparing noise powers of these two systems, active
system’s noise power should be normalized since the signal
power of active system is times more than that of the passive
system. Distributed amplification yields a better than
the passive case when the following equation yields a result
greater than zero:

(41)

To satisfy this condition, high and low values
are required. This equation also implies that active circuit
integration is necessary for low-efficiency systems. Using this
calculation maximum length of noise-equivalent line of the
second partition of the feed structure can be determined, where
an active circuit with a certain and should be inserted
for better noise performance. This point will be the optimum
point where the number of required LNA’s is a minimum and
the noise performance of the passive array is improved.

Fig. 9. Schematic representation of a 4� 8 corporate feed antenna array.
The characteristic impedance of the numbered line segments are given in
Table II.

TABLE I
CHARACTERISTIC IMPEDANCE OF THELINE SEGMENTS IN THE

CORPORATEFEED EXAMPLE FOR ONLY COHERENT IMPEDANCE

MATCHED AND COHERENT AND INCOHERENT IMPEDANCE MATCHED

VI. DESIGN EXAMPLES

A. Passive Array

In order to demonstrate the importance of incoherent match
in feed structures, two microstrip rectangular patch antenna
arrays are designed for two different cases: 1) only coher-
ent impedance match and 2) both coherent and incoherent
impedance match. In both designs, microstrip lines which
have moderate radiation and conductor loss are used with
characteristic impedances in between 100and 200 [25].
The patch antenna input impedance is taken as 300.

The first array is a corporate fed antenna array with a
feed taper in one direction. The schematics of this 84
antenna array is given in Fig. 9. The output impedance of
the array is designed to be 50. The feed structure which
is symmetric is investigated as a combination of line
segments. The numbering of these line segments is shown on
the figure. In columns of Table I, characteristic imped-
ances of the line segments for only coherent match are given.
Data in the columns of the same table is obtained by
considering both coherent and incoherent match via (12), (23),
(32), and (29). The impedance transformers in the coherent
match case are used for feed tapering, and in the latter, used
for both feed tapering and incoherent impedance match. As
can be seen in Table I, the characteristic impedances
obtained for optimum noise performance are quite different
than those values obtained without considering incoherent
impedance match. To show the improvement, the NELL’s of
both feed structures are calculated and normalized with the
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Fig. 10. A 2�n parallel arm feed structure.

Fig. 11. Variation of normalized NELL of a 2�n parallel arm antenna
array as a function of characteristic impedance of the parallel arm for various
values ofn.

completely incoherent impedance matched situation

(42)

As it is explicit from (42), the improvement ratio is
which is greater than two.

The second array is a parallel arm structure, which is a
uniform fed array of 2 elements as shown in Fig. 10. It
is assumed that the line segments in the structure are all of
equal characteristic impedance. The output impedance of the
array is not matched to 50. NELL’s of the feed structures
are calculated and plotted in Fig. 11 for different values of

. The NELL’s shown in the plot are normalized with the
incoherent impedance matched equivalent length. As seen
from this figure, for each value of a value for exists
for optimum noise performance.

B. Active Array

A 16 16 corporate-fed microstrip antenna array on a
RT-DUROID 5880 substrate is designed. Quarter-wave-line
impedance transformers are placed according to the results
of Section III, to the feed structure to decrease the noise
generation by the lossy feed lines. The rectangular patch
antennas are resonant at 10 GHz having a 276resistive
input impedance. The uniform fed antennas are equispaced
by a distance , which is determined by radiation pattern
considerations. The total NELL of this 16 16 patch array is

TABLE II
NUMBER OF AMPLIFIERS TO BE CONNECTED TO 16� 16 PATCH ANTENNA

ARRAY AND THE RESULTANT OUTPUT NOISE TEMPERATURE FOR

DIFFERENT LEVELS AS CONNECTION POINTS OF AMPLIFIERS

calculated to be about which corresponds to K
for K.

Using microstrip matching elements and an ultra low-noise
pHEMT NEC 32 484A, a low-noise amplifier is designed. The
noise figure of the amplifier is 0.6 dB and the gain is 14 dB.
It is assumed and shown that appropriate matching circuits
whose total physical length will be about can be designed
independent of wherever the amplifier is inserted in the feed
structure [29]. In the case, where this amplifier is connected
to the output of the 16 16 passive array, noise temperature
at the output of the amplifier turns out to be dB K.
Using weighted equivalent line length method and the results
of Section V, the noise temperatures corresponding to different
amplifier placement levels are calculated and presented in
Table II. The improvement of noise performance with the
added number of amplifiers is clearly seen from this table.

Moreover, without considering the directive gain, of
the passive antenna is

(43)

For the active array, without considering the directive gain
which is the same as for the passive array, the of the
active antenna is

(44)

where is as given in Table II.
Using Table II, above equations yield that active antenna

has a better than the passive antenna for connection level
seven, which is also implied by (41). It can be said that for
this structure and the amplifiers concerned, the level where the
improvement is just achieved is level seven, where four active
elements are required. Further improvements can be achieved
using more active elements at the different levels as can be
seen from Table II.

VII. CONCLUSION

In this work, noise analysis of low-loss transmission lines
is given and a new concept named as “NELL” is introduced.
Quarter-wave-line impedance transformers are investigated
and it is shown that there is an optimum choice of charac-
teristic impedance for the lowest NELL of a double section
transformer. After establishing the importance of coherent
and incoherent impedance matching concepts, noise sources
in a parallel feed antenna array are identified and effects of
these sources are expressed in terms of their NELL’s. This
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new concept provides a suitable design guide for low-noise
parallel feed structures. Coherent impedance matching, which
is important for efficient radiation characteristics, does not
imply incoherent impedance matching, which is important
for noise generation of the feed structure. It is shown that
a feed structure can be redesigned to be incoherent impedance
matched without affecting the radiation characteristics. It is
also shown that through this optimization procedure, the
noise temperature of a typical corporate feed structure can
be decreased by a factor of two. The noise performance of
different parallel feed structures are investigated and it is
shown that incoherent impedance matched corporate feed has
a good noise performance, whereas the noise performance of
a parallel arm feed structure rapidly degrades with increasing
number of antenna elements.

The NELL concept is also utilized as an active circuit
placement criteria in antenna arrays, which showed that
performance of a passive antenna array may be improved by
inserting active circuits to certain levels in the feed structure.
With the development of very low-noise figure transistors, it
seems that active devices inserted in proper places in a feed
structure causes this improvement. On the other hand, earlier
transistors having higher noise figures could not lead to such
improvements.
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