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ABSTRACT

We derive an equation for the Nthor-

der intercept point ofanactivephas edar-

ray antenna with an amplitude taper. The

antenna utilizes a T/R module to control

the phase and amplitude of each array el-

ement. As an example, we show the effect

of various levels of Taylor weighting on the

3rd order intercept point of a large phased

array.

INTRODUCTION

Active phased array antennas which em-

ploy a solid-state transmit/receive (T/R)

module to control each element provide the

ultimate electrical performance for radar sys-

tems. In large part, the transmit and re-

ceive performance of a phased array is de-

termined by the performance of the indi-

vidual T/R module. On receive, the mod-

ule’s gain, noise figure and third-order in-

tercept (TOI) set the antenna’s output in-

tercept point and system noise figure. In

addition, the T/R module usually contains

a phase shifter and variable gain amplifier

to steer the beam and weight the aperture

distribution on receive.

Since the T/R module contains devices

which have nonlinear charact erist its, its in-

tercept points are critical in setting the an-

tenna’s intercept points. In particular, we

are interested most often in the module’s

TOI, because the third-order spurs often

fall within the antenna and signal proces-

sor’s passbands.

The receive analysis of the phased array

is complicated by tlhe fact that it is a multi-

port network with many inputs and one

output, and the Standard intercept point

analysis applies to two-port networks [1].

When the receive aperture distribution is

uniform, all paths through the ant enna have

the same insertion and intercept character-

istics. We simply obtain the antenna out-

put intercept point by multiplying the out-

put intercept point of the T/R module by

the number of elements and subtracting any

beamformer insertion losses. - -

For most radar applications, very low
m

receive side lobes are desired to reduce the

levels of clutter, jarnmers and other spu-

rious signals compared to the level of the

target return. Lee has already dlerived ex-

pressions for the efFective noise figure of the

array when a low side lobe amplitude ta-

per is applied across the array aperture [2].

In this paper we derive an equation for the

effective nth order output intercept point
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of an active phased array when an ampli-

tude taper is applied. Then, we simplify

the equation to give the third-order inter-

cept, and show the effect of a Taylor am-

plitude taper on the TOI of a large phased

array.

THEORY

Figure 1 shows a block diagram of a sim-

plified phased array with M identical T/R

modules. We assume that all the T/R mod-

ule outputs are combined in a single, loss-

less, M:l combiner. The combiner has volt-

age coupling coefficients, C~ = 1/@. We

model the ith T/R module by a single am-

plifier with maximum gain G~.z and weighted

gain Gi = G~azw~ where Wi is the volt-

age excitation determined from the low side

lobe taper. We assume a main beam di-

rected at broadside, so Wi is pure-real val-

ued; however, our result is independent of

the direction of the main beam. The nth or-

der output intercept point of the ith module

is given by li,O,~ an d may be a function of

Gi. We will derive an equation for 1.,., the

effective, nth order, output intercept point

of the antenna shown in the figure.

Two signals, VI and V2, are incident on

each element of the array. The signals are

given by:

If the frequencies are approximately equal,

then VI = V2 = V = ~ cos d. For a two-

port, the equation relating the power in the

nth order harmonic to that in the signal is

(1)PdB = nPff – (~ – l)~~,;
a,n

where the dB superscript means the quan-

tities are in decibels, and the subscript a, n

denotes the antenna output, nth order har-

monic. To solve for 1~,~ is straightforward:

~a,n = (Pa,l)fi
(P.,.)*

(2)

where the quantities are in Watts. From

equation (2), we can determine 1.,. from

the 1st (signal) and nth harmonic antenna

power outputs. The signal power out of the

antenna is given by

‘.J=(WC’)2=HEW
(3)

From equation (2) we see that the nth har-

monic power output from the ith T/R mod-

ule will take the form:

pi,n= (Pil)n
yb-1 (4)

a,o,n

We solve for the nth harmonic voltage by

taking the square root of equation (4J and

noting that P;,l = 2V2Gi = Gi = G~.zw~:

v. = (Gw4zw9~/2a,n ~(n-1~/2
(5)

s,o,n

The nth harmonic power at the output of

the antenna is given by

(6)

If we substitute equations (3) and (6) into

equation (2), we obtain the desired equa-

tion for the nth order antenna output in-

tercept:
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(7)

For uniform weighting (all w; = 1), we get

the maximum antenna intercept point, 1.,. =

10,~M, where 10,~ is the module intercept

for Gi = G~.=. If we divide equation (7)

by 10,.iM, we get the antenna output inter-

cept point normalized to the intercept point

for uniform excitation:

I a,n =

- 1“1‘2:10’n(%32
~
n-1

(8)

For the third order intercept point, eq~a~

tion (8) becomes

Two specific cases which bound the re-

sult of equation (9) are (1) when the output

intercept point of the T/R module is inde-

pendent of G;, that is the last stage of the

T/R module sets its intercept point, and

(2) when the input intercept point of the

module is independent of Gi. For case (1),

1i,0,3 = 1.,3 and equation (9) becomes

1 (SEl +3

‘( 3,

(lo)Ia,3 = J@! ~~1 ‘t

~= ‘MI ‘wi 2() ,M
(11)

which is equivalent to the loss in signal rel-

ative to that of a uniform taper through the

array.

Note, that the above analysis applies to

signals in the direction of the sum beam

only, i.e., we assume that all signals incident

on the array are in phase.

DISCUSSION

Figure 2 shows a plot of the antenna

output, third-order intercept versus Taylor

design side lobe level for a rectangular ar-

ray of 16,384 elements. The element lat-

tice is triangular, with spacings dx = 0.54~

and dv = 0.30A, and the array is 69 wave-

lengths wide by 72 wavelengths high. We

apply the same Taylor linear taper parame-

ters along the height and width c~f the ar-

ray. We calculated the normalized antenna,

third-order intercept point using ec[uations (10)

and (11 ). The degradation in the intercept

point becomes quite significant for low side

lobe levels. Clearly, the taper reduces the

antenna’s output intercept point just like

an attenuator placed after an amplifier.
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For case (2), 1;,.,3 = Gi13 = G~aZUJ~13
where 13 is the module’s input intercept

point, and equation (9) becomes
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Figure 1: M-element phased array block
diagram.
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Figure 2: Antenna output TOI relative to
uniform weighting. 16,384 elements,
rectangular aperture, triangular lattice
(dx=O.54 k, dy=O.30 L). nbar=6 for SLL up
to -25 dB; otherwise nbar=12.
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