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[57] ABSTRACT 
A phased-array radar antenna system has a scan pat 
tern which is pivotal about the center of the array. The 
scan pattern is directed from a common set of scan 
control circuitry which consists primarily of digital 
counters and logic whose output describe the settings 
of ON-OFF ferrite phase shifters for the elements on 
one side of the array. The one's complements of these 
outputs are used to control the settings for the other 
one-half of the array, without need for an extra least 
bit. Each phase shifter consists of four hits. When all 
four bits are in their ON state, a phase shift of 360'’ is 
obtained. The minimum or increment of phase shift is 
24°. 

18 Claims, 8 Drawing Figures 
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PHASED-ARRAY ANTENNA 

FIELD OF THE INVENTION 

The present invention relates to scanning antennas 
for radar, and in particular to phased-array radar an 
tennas. 

ln phased-array radar antennas of the type here in 
volved, the radiating elements are arranged in a rectan 
gular array of rows and columns, and the transmit sig 
nals applied to each column of radiating elements are 
phase-shifted relative to the transmit signals applied to 
the other columns of elements, thereby to shape and 
position the beam in space. By changing the phase 
shifts for succeeding pulses, the beam is steered back 
and forth. The scanning rates may, of course, be sub 
stantially higher than where the beam is steered by a 
mechanically rotating dish. _ 
While phased-array or electronic scanning radar an 

tennas may be used in ground installations, they are 
particularly suitable for airborne or spaceborne appli 
cation since their construction is substantially lighter in 
weight than that of mechanical rotating dish antennas. 
A phased-array antenna may, for example, be fitted 
into the nose or wing of an aircraft without disturbing 
the aerodynamic lines of the craft. 
The phased array of radiating elements may be fed 

through either series or corporate feed. Each branch 
may include a phase-shifter which is digitally controlled 
electronically. The phase shifters may be reciprocal or 
non-reciprocal in their action. 

OBJECTS OF THE INVENTION 

A principal object of the present invention is to pro 
vide a phased-array radar antenna the radiating or di 
pole elements of which are under the control of ON 
OFF ferrite phase shifters which are non-reciprocal in 
their action, and in which each phase shifter comprises 
a plurality of individually controlled ferrite units, which 
will be referred to herein as “bits." 
Another object of the invention is to provide a 

phased-array radar antenna system having a scan pat 
tern which is pivotal about the center of the array, and 
in which the scan pattern is directed from a common 
set of scan control circuitry, consisting primarily of dig 
ital counters and logic, whose outputs describe the 
phase-shifter settings for the elements on one side of 
the array, and the one’s complements of these outputs 
describe the settings for the other side of the array. 
Another object of this invention is to provide an im 

proved method, or improved circuitry, for utilizing cur 
rent pulse driver circuits to control the 4-bit binary 
phase shifters of the antenna system. 
While the invention is applicable to systems employ 

ing phase shifters of other than four bits, it will be con 
venient to describe a system in which four-bit binary 
phase shifters are used. These four bits are weighted in 
the ratios of l, 2, 4 and 8. 

BACKGROUND OF THE INVENTION 

In a linear phased-array radar antenna system, the 
beam is steered by controlling the relative phase of the 
microwave energy emitted from the radiating elements 
in a linear manner. The phasing of the energy delivered 
to each radiating element must be proportional to the 
distance of the element from the point on the array 
about which it is desired to pivot the beam. If the ele 
ments are spaced equidistant, then the microwave en 
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2 
ergy to the first element from the pivot point will be 
shifted by an amount of q‘), the energy to the second ele 
ment will be shifted by an amount of 2gb, the energy to 
the third element will be shifted by an amount of 3d), 
and so on. 

Since phase shifts beyond 360° are redundant, it 
would seem appropriate, in the development of a 4-bit 
phase shift system, to design the system on the basis of 
an incremental unit of phase shift of 360/2‘, or 22%". 
Stated in somewhat more technical terms, it would 
seem that the incremental or minimum unit of phase 
shift Atb would be (211 radians)/2" where n is the num 
ber of bits. Thus, for a 4-bit phase shifter, the smallest 
unit of phase shift Ad) would be 21r/2‘== 21r/l6=1r/8 
radians, or 22-1/2". Hence, the smallest ON-OFF phase 
shifter bit would have a phase increment of either zero 
when OFF or 22-’;6” when ON. Each of the other phase 
shifter bits would have values ofeither zero, when OFF, 
or twice that of one of the other phase-shifter bits, 
when ON. Accordingly, the bits of the 4-bit phase 
shifter would, on this basis, accomplish phase shifts of 
zero, when OFF, or of 22-%°, or 45°, or 90°, or 180", 
when ON. It will be understood that, on this basis, the 
phase shift introduced by each of the latching ferrite 
bits is zero, when the ferrite bit is in one of its two 
states, denominated OFF, and would be 22-56’, or 45°, 
or 90°, or 180°, when the ferrite bit is in its other state, 
denominated ON . 

It was indicated above that a principal object of the 
present invention is to provide a phased-array radar an 
tenna system having a scan pattern which pivots about 
the center of the array and in which the scan-control 
circuitry uses complements to control one-half of the 
array. In using complement control, a single control 
wire controls two phase-shifter bits, one on each side 
of the array. A pulse signal on this wire sets one ferrite 
bit on one side of the array to a particular state (1 or 
0) and sets the corresponding ferrite bit on the other 
side of the array to the complement (0 or 1 ). Unfortu 
nately, the complement obtained in this manner is the 
“ones" complement, also known as the diminished 
radix complement, rather than the required "twos" 
complement. The “twos" complement, or radix com 
plement, differs from the “ones" complement by one 
bit of the least significant bit. Consider the following 
binary number - 0110. The “ones" complement (the 
bits inverted) is 1001, but the desired “twos" comple 
ment is 1010, which is one bit larger. 
There are several ways of adding the extra bit. One 

way would be by binary adders. Another way would be 
by addition ofa least bit phase shift to each antenna el 
ement on the side of the array using the complement. 
Thus, a 1r/8 phase shifter would be used in addition to 
the regular 4-bit phase shifter. 
The other use for the complement is in switching the 

array from transmit to receive. As indicated previously, 
the present invention relates to non-reciprocal phase 
shifter action. With non-reciprocal phase shifters, the 
array must be switched to the receive position immedi 
ately following the transmit pulse. This may be done by 
using the complements to switch the array. In such 
case, the “ones" complement is correct, as each phase 
shifter must be magnetized in the opposite direction to 
the transmit condition. The extra bit added to each ele 
ment receiving the complement prior to transmit must 
also be reversed. If the beam is initially scanned to the 
right of the normal, then the left hand set of phase shift 
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ers receives the binary number, and the right hand side 
receives the complement plus one bit. This is equiva 
lent to providing negative phase shifts to the right side. 
When the beam is scanned to the left of the normal, 
then the right side uses the binary count, and the left 
side receives the complement plus one bit. Therefore, 
the extra bit must be on the right side when the beam 
is on the right, and must be on the left side when the 
beam is on the left. 

It will be understood from the foregoing that where 
the least bit size is determined by the relation 
A¢=21r/2", and an extra bit is needed, and is added, 
each binary phase shifter would have five bits, two‘ of 
which would be least bits. Moreover, an extra driver 
would be required on each side of the array to insert or 
remove all eight of the least bits in unison. 

SUMMARY OF THE INVENTION 

As indicated previously, one of the objects of the 
present invention is to provide a scan-control system 
for a phased-array radar antenna which avoids the need 
for the extra bit. 
The above object, as well as the other previously re 

cited objects of the invention, are accomplished by pro 
viding a scan-control system in which the binary phase 
shifters use a least bit size determined by the equation 
A¢=21r/(2"—l ), rather than by the equation A¢=21rl2", 
as heretofore discussed. Thus, the present invention 
proposes that the least bit of the binary phase shifters 
be of such size so that the sum of the bits of the phase 
shifters totals 211 radians or 360°, rather than 360° 
minus 22%;“. 

Restated, the present invention provides a scan 
control system for a phased-array radar antenna in 
which the binary phase shifters have a minimum bit size 
determined by the following equation: A¢=21r(2"—l ). 
Thus, for a 4~bit phase shifter, where n=4, the least bit 
size equals 360°/( l6~l )=24°. 
The following is a truth table for n=4 and a bit size 

given by the equation A¢=360°/(2"—~1 ): 

TABLE 1 

Table For Bit Size A¢=21rl(2"—1) for n=4 

Series 
Input Phase Shifter Control Signals Total Phase 

Shift 
pulse 1611/15 81r/l5 41r/l5 21r/l 5 radians degrees 
No. 

1] l) l) () 0 0 0 
1|‘ 1 l 1 1 21: 360 
l 0 0 0 1 211/15 24 
1' l l l O 281r/l 5 336 
2 0 0 l 0 411/15 43 
2‘ l l 0 1 261r/l5 312 
3 0 0 l l 61r/l5 72 
3' l l O 0 241r/l5 288 
4 0 l 0 0 Err/l5 96 
4‘ l 0 l l 221r/l5 264 
5 0 1 0 l IO'rr/IS 120 
5‘ l O l 0 201/15 240 
6 0 l 1 0 121:!15 144 
6' l 0 0 1 I81r/l5 216 
7 0 l l l l41r/15 I68 
7' l 0 0 0 l61r/l5 192 
B l 0 0 0 161r/l5 192 
8' O l l l l4'll5 168 
9 l 0 0 l l81rll5 216 
9' 0 l 1 0 IZ'Ir/IS 144 
10 l 0 l 0 2011415 240 
1D’ 0 l 0 l 101r/15 120 
l l 1 0 l I 221l’ll5 264 
1 l ' 0 l 0 0 81r/1S 96 
12 1 l 0 0 2411-115 288 
I2‘ 0 0 l 1 61/15 72 
13 1 l 0 1 261r/15 312 
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4 
l3’ 0 0 I 0 41r/1S 48 
14 l l l 0 ZlIw/l? 33b 
14' (I 0 (I l 21r/l 5 24 
l5 1 l I l 211 M10 
l5’ 0 (I 0 (I 0 0 
l6 0 ll 0 0 ll 0 
lo’ I l l I In 360 

The prime indicates ones complements 

Inspection of the foregoing table for 4-bit phase shift~ 
ers with bit size in accordance with the equation 
Ad>=21r/(2L1 ), where n=4, shows the following: 

a. the "ones" complement is satisfactory since the 
sum of the phase shift plus the complementary phase 
shift for each number is 360°. 

b. the phase shift totals 360° (or 0°) on both of counts 
15 and 16. Therefore, there is a redundant setting, and 
count 15 must be avoided. This may be done by adding 
an extra count when 15 is reached. This may be done 
by the use of a counter for each dipole element on one 
side of the array. 
The method proposed by the present invention of de 

termining the least bit size of the phase shifters by the 
relation A¢=21r/(2"—l) has the additional advantage, 
previously indicated, of decreasing the number of driv 
ers which would otherwise be required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram illustrating a corporate 
feed to a l7-dipole array and the scan control therefor; 
FIG. 2 is a block diagram illustrating the control sys 

tem for the 4-bit ferrite phase-shifter of one of the di 
pole elements; 
FIG. 3 is a block diagram illustrating the pulse inputs 

to the binary counters; 
FIG. 4 illustrates, on a greatly enlarged scale, the me 

ander line of a phase shifter; 
FIG. 5 is an elevational view, in section, of a ferrite 

phase-shifter showing the ferrite torid through the cen 
ter hole of which the meander line passes; 
FIG. 6 is a perspective view of a 4-bit ferrite phase 

shifter showing the four ferrite torid. 
FIG. '7 is a schematic diagram of the presently pre 

ferred driver system; 
FIG. 8 is a schematic of the reset drivers. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a simpli?ed block diagram showing the cor 
porate feed to an illustrative radar array which is seven 
teen dipole elements wide and eight dipole elements 
high. Each phase shifter FS feeds eight vertically 
arrayed dipole elements. The seventeen-dipole wide 
array is symmetrical on each side of a center element 
BC, the elements being identi?ed as E1 to E8 on one 
side of center and E1’ to E8’ on the other side. A hy 
brid arrangement is used to distribute energy equally to 
the eight vertically-arrayed dipoles fed by each phase 
shifter. 

It will be assumed that the antenna is operated at 10 
ghz (gigahertz), which is 10 billion cycles per second. 
A wavelength at this frequency is 0.8 inches (approx.) 
and accordingly each dipole element is about 0.4 inch 
long. The entire dipole array occupies a rectangular 
area about 12 inches wide and 6 inches high. 

In FIG. 1, a transmitter T is shown for applying the 
microwave radar pulse signal R to the seventeen-dipole 
wide array through to a transmit-receiver TR box. Fol 
lowing the transmit period, a period of 5 to 10 micro 
seconds ma be allowed for switching the array from 



3,747,098 
5 

transmit to receive or listening condition. The listening 
period may, for example, be 950 microseconds in dura 
tion. Following the receive or listening period, 50 mi 
croseconds may be allowed for switching to the trans 
mit condition and for placing the beam in a new posi 
tion. During the 50 microseconds which are allowed for 
switching from receive to transmit, the scan generator 
SO delivers the necessary pulse scan signals S to place 
the 4-bit ferrite phase-shifters F8 in the ON-OFF states 
necessary to determine the new beam position. 

In FIG. I, in order to simplify the drawing, the rect 
angles identi?ed FS represent not only the 4-bit ferrite 
phase-shifters FS but also their control components, 
including counters, logic switches, current drivers, etc. 
Further details of these control components are sche 
matically shown in FIGS. 2, 7 and 8. 
Referring again to FIG. 1, the array illustrated con 

tains seventeen equidistantly spaced elements, and it is 
desired to pivot the beam about the center element of 
the array. Thus, there is a center radiating element BC 
with eight elements symmetrically located on each side 
of center. Associated with each of the radiating ele 
ments, there is a four bit phase shifter to control the 
phasing of the energy delivered to the element. 
Since the array is constructed to be symmetrical 

about its center, to steer the beam the phasing of the 
microwave energy required by an element on one side 
of the array must be of the same degree but opposite 
in sign as that required of the corresponding element 
on the other side. For example, in FIG. 1, where the el 
ements are numbered E1 through E8 on the one side 
of center, El’ thru E8’ on the other side, and EC for 
the center, and it is determined that to steer the beam 
to a particular angle, the microwave energy of E6 re 
quires to be shifted in phase by an amount if), then the 
energy of E6’ must be phase shifted by an amount —¢. 
Since phase is a relative measurement, negative phase 
shifts are realized by taking 360° —¢°. Similarly, phase 
shifts of greater than 360° are redundant, and it is only 
necessary for the phase shifters to cover the range of 0“ 
to 360°. 
As shown in FIGS. 2, 3, 6 and 7, each phase shifter 

is constructed of four ferrite cores or bits, with the bits 
weighted in the relative ratios of 8, 4, 2 and l. The fer 
rite bits are two-state devices which are switched from 
state to state by current pulse driver circuits directed 
from the scan control circuitry. One state of the ferrite 
bits is designated as an OFF state, and is taken as the 
reference state. If the bit is switched to its 0N state, ad 
ditional phase shift over and above that due to the ref 
erence state is realized. When all four bits of the phase 
shifter are in their ON states, 360° of phase shift are ob 
tained. Theoretically, the four-bit phase shifter could 
be used to divide the 360" into increments of 221%". 
However, we have discovered that due to the nature of 
the phase shifter and the linear phased array antenna 
system, there are advantages to using the slightly larger 
increment of phase shift of 24°. Accordingly, this is the 
increment of phase shift used in the phase shifters of 
the present application. 

If the phase shifter setting is represented by a binary 
number ABCD, where A is associated with the 8-bit B 
with the 4-bit, C with the 2-bit, and D with the 1 bit, 
and where A, B, C, and D have a binary notation of l 
or 0, corresponding respectively to the ON and OFF 
states of the bits, then the following Table 2, defines the 
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6 
possible phase shift settings obtainable from the four» 
bit phase shifters. 

TABLE 2 

Degrees 
Phase Shift 

I68 
I92 
216 
240 
264 
288 
3l2 
336 
360 

A ?rst advantage of the 24° phase shift increment is 
that the negative phase shifts, realized by taking 360" 
—¢°, are readily obtainable from the scan control cir 
cuitry. As can be seen from Table 2, for any of the pos 
sible phase shift settings ¢°, 360° — ¢° is the one's com 
plement of it. The one‘s complement of a binary num 
ber is obtained by simply changing l ‘s to 0's and 0's to 
1'5. For example, from Table 2, the phase shift setting 
for 96° is (M00). The negative phase shift of —96° 
would be the one’s complement (10H ), which repre 
sents a phase shift of 264° and which is 360° — 96". 

In digital circuitry of the scan control, where the pri‘ 
mary control element is the ?ip-flop circuit, the normal 
one and the inverted zero outputs are both directly 
available, and thus, for any phase shift setting number, 
the one's complement number for the corresponding 
negative phase shift is also available. 
Another use of the one’s complement of the phase 

shift setting, is in switching the array from a transmit to 
a receive condition. The phase shifter is a non 
reciprocal device. The phase shift necessary for the mi 
crowave energy when it is being delivered to the radiat 
ing dipole elements in the transmit condition is differ 
ent from that of the receive condition, when received 
energy is being collected from the elements. The phase 
shifter setting for receive must be the one’s comple 
ment of the transmit setting, as each phase shifter fer 
rite bit must be switched to the opposite state of its 
transmit condition. Therefore, just prior to transmit 
pulse time in each radar pulse repetition period, a 
transmit beam steering angle is entered into the phase 
shifters. Then, just following the transmit pulse time, 
the one's complement of each of the phase shifter set 
tings is entered for the receive beam steering angle. 
To generate the phase shifter settings for each of the 

beam steering angles of the antenna scan, the scan con 
trol circuitry uses eight 4-bit digital counters. Each of 
the counters is associated with a pair of phase shifters, 
located in corresponding positions on opposite sides of 
the array. This is illustrated in FIG. 7. The phase shifter 
associated with the center element of the array requires 
no counter, as its phase shift setting is kept constant at 
0° relative phase shift for all beam steering angles. The 
antenna scan produced is unidirectional, starting at ap» 
proximately 45° left of the normal to the array center, 
and scanning to approximately 45° to the right of the 
normal to the array center. 
The 4-bit digital counters are constructed of ?ip 

flops, with both the normal one and inverted zero out 
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puts provided. The counter outputs are pro-vided to 
gating circuits, where the appropriate outputs are se 
lected, depending upon whether it is a transmit or re 
ceive phase shifter setting. The outputs of the gating 
circuits trigger the current pulse driver circuits which 
switch the phase shifter ferrite bits to the proper states. 
A second advantage of the 24° phase shifter incre 

ment is that it allows the number of current pulse driver 
circuits required by the phase shifters to be minimized. 
As stated previously, the phase shifter setting of an ele 
ment on one side of the array is always the one’s com 
plemcnt of the setting of the corresponding element on 
the other side of the array. This is the case, whether it 
is a transmit or a receive setting. 
The current pulse required to switch the ferrite bits 

of the phase shifters must be relatively large in magni 
tude, in the order of 5 amperes. Since many ferrite bits 
are required to be switched simultaneously, a large 
peak demand during the switching time would be 
placed on the systems power supply, if the driver cir 
cuits were allowed to draw the necessary current di 
rectly from the supply. 

In accordance with a feature of the present invention, 
and as illustrated in FIG. 8, each driver circuit is pro 
vided with a storage capacitor to store the energy to 
provide a sufficient current pulse at the switching time. 
During the radar pulse period, the capacitor is allowed 
to re-charge for the next switching time. In this manner, 
the demand peak on the power supply is decreased, but 
because of the recharge time of the driver‘circuit stor 
age capacitors, a driver circuit is not able to be used to 
set in both transmit and receive phase shift settings. 
However, because of the manner the driver circuits are 
implemented in this invention, this restriction is of no 
consequence. It is never necessary to use the same set 
driver circuit for both transmit and receive settings in 
the same radar pulse period. The number of driver cir 
cuits are also minimized, as shown in FIG. 7, in that one 
driver circuit is used to set corresponding bits in corre 
sponding phase shifters on each side of the array. For 
example, bit 4 of E6 and bit 4 of E6’ are both set by the 
same driver circuit. A total of 32 set drivers are thus re 
quired for elements El thru E8 and EI' thru E8‘. The 
method for entering phase-shift settings into a pair of 
corresponding phase shifters one on each side of the 
array, is described as follows: 
Step I: Just prior to transmit time, all bits of the 

phase shifter on the left side of the array are cleared to 
the one state and those on the right side are cleared to 
the zero state. This operation is performed by the clear 
ing current pulse drive circuits CLR in FIG. 7. 
Step 2: The transmit phase shifter settings are en 

tered in by the set current pulse drivers. The direction 
of the current pulse in its course through the ferrite 
cores of the phase shifter will cause the bit states on the 
left side of the array to be switched from one to zero 
and those on the right side from zero to one. 
Step 3: The radar then transmits its microwave en~ 

ergy. 
Step 4: The phase shifter bits on the left side of the 

array, are again cleared to the one state and on the 
right side to the zero state by the clearing current pulse 
driver CLR. 
Step 5: The receive phase shifter settings are entered 

by the set current pulse drivers. The settings remain 
until the next radar pulse period. 
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An example of the above sequence of events is as fol 

lows: 

Step LEFT RIGHT 
B 4 2 l 8 4 2 l 

l l l l 1 0 0 0 0 
2 l 0 l I 0 l 0 0 
3 TRANSMIT 
4 1 | l l 0 0 0 0 
5 0 l 0 0 l o l I 

It can be seen that the set current pulse driver for bit 
4 is only used during step 2 and the set current pulse 
drivers for hits I, 2, and 8 are used only in step 5. Thus, 
any one set current pulse driver is used only once per 
radar pulse repetition period. 
Since the reset drivers must be operated twice during 

each transmit-receive cycle, the reset drivers are dual, 
as shown in FIG. 8. That is, two reset drivers are con 
nected to each reset wire, since the storage capacitors, 
C1 or C2, will not be able to recharge in the limited 
time (less than 50 microseconds) between the two reset 
operations. 
A preferred construction of the 4-bit ferrite phase 

shifters is illustrated in FIGS. 4, 5 and 6 of the drawing. 
Each of the 4-bit ferrite phase shifters consists of three 
basic con?gurations as follows: (a) the basic meander 
line ML on Tellite board Te as shown in FIG. 4; (b) the 
ferrite toroids FT and tellite Te between the ground 
planes GP, as seen in elevation in FIG. 5; and (c) the 
ferrite toroids FT, insulating spacers I, and latching 
wires LW, as illustrated in perspective in FIG. 6. 
Referring now to FIG. 4, the basic meander line ML 

consists of twenty-two copper lines arranged as illus 
trated. Each line may have a width of 0.0 l 25 foot sepa 
rated by 0.025 inch. The meander line ML is encapsu 
lated in Tellite board Te, a low loss dielectric (polyole 
fin) having a dielectric constant of 2.38. The Tellite 
coating increases the peak power hndling capability 
signi?cantly. 
The four rectangular ferrite toroids FT are slipped 

one by one over the end of the encapsulated meander 
line ML and along the meander line into the positions 
indicated in FIG. 6. The relative positions indicated in 
FIG. 6 are preferred, but not essential. In the preferred 
arrangement indicated in FIG. 6, the first ferrite toroids 
to be encountered by the transmit radar signal R enr 
oute from the transmitter T to the dipole elements E is 
the 192° delay core (8 bits), next the 24° delay core (I 
bit), then the 48° delay core (2 bits), and finally the 96° 
delay core (4 bits). Each ferrite toroid or core is sepa 
rated from its neighbor by a spacer of insulating mate 
rial I. These spacers I provide adequate magnetic isola 
tion between bits. The opposite ends of the meander 
line ML function as an external impedance-matching 
transformer as the radar signal goes from Tellite to fer 
rite, and vice versa. 

In the illustrative phase shifters being described, the 
l92° delay (8 bits) has a width of 0.270 inch of ferrite, 
the 24° delay (I bit) has a width of0.040 inch of ferrite, 
the 48° delay (2 bits) has a width of 0.065 inch of fer 
rite, and the 96° delay (4 bits) has a width of 0. l 60 inch 
of ferrite. The total width (or length along the meander 
line) of the 4-unit or 4-bit phase shifter is 0.821 inch. 
FIG. 5 is a cross-section view of the phase shifter. 

The encapsulated meander line ML goes through the 
center bore of the rectangular ferrite toroid FT. The 
toroid may have a height of 0.105 inch. A ground plane 
GP of aluminum or copper is placed on both the upper 
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and lower sides of the ferrite toroid and separated 
therefrom by Tellite insulation Te having a thickness of 
0.0195 inch. 

CONTROL OF BINARY PHASE SHIFTERS 

Each set of 4-bit phase shifters associated with one 
radiating element can be controlled by a binary 
counter. In the system of the present invention, each 
binary counter consists of four stages of ?ip-flops in se 
ries. The number of input pulses to each counter must 
be proportional to the position of the dipole element 
relative to the reference point. For an array with the di 
pole elements spaced equally apart and the reference 
point on one dipole, for example, the center dipole ele 
ment EC, the input pulses to each counter are propor 
tional to the element number. This is illustrated in FIG. 
3. By using a bit size determined by the equation 
A4>=2n/(2"—l ), as proposed by the present invention, 
the least bit is 24°, where n=4. The proper ones com 
plement is then available directly from the binary 
counter, although the redundancy in the pulse numbers 
15 and 16 must be eliminated by circuitry, as previ 
ously indicated. 

LOGIC 

As indicated above, each set of phase shifters associ 
ated with one antenna element can be controlled by a 
binary counter. The counter controlling the end dipole 
element furthest from the center of the array receives 
all of the input pulses, and the phase shift of the end el 
ement increases directly with the number of input 
pulses. Ideally, the phase shift in each of the other ele 
ments would then be proportional to the product of ele 
ment position relative to the center of the array and the 
phase shift in the end element. This can be expressed 
as follows for a l7-element array, where the end ele 
ment is the eighth element from the center: 

(1)”: N/8 dip: N/8 P Ad) 
where 
N = number of the element, counted from the center 
dJN = phase-shift in the Nth element 
(by) = phase-shift in the eighth element 
P = number of input pulses 
Adz = least bit size 
It will be seen from the above that the phase shift in 

the Nth element is not necessarily an integer multiple 
of the least bit size. Since only discrete increments in 
phase shift are available from the ferrite phase shifters, 
the phase shift in the Nth element must be rounded off 
to the clostest integer multiple of the least bit size. The 
pulses which each counter must receive to give the 
proper round-off are listed in Table 1] below: 

TABLE II 

Number of Input Pulses 

Element 
No. l 2 3 4 5 6 7 8 

l 0 0 O l 0 0 0 O 
2 O 0 l O O l O O 
3 0 l 0 0 l 0 l 0 
4 (l l 0 l l 0 l 0 
5 l O l 0 l l 0 l . 
6 l l 0 l l 0 l l . 
7 l l l 0 l l l l 
8 l l l l l l l l 
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The “ones" in a particular row of Table ll indicate 

the pulses which must be sent to the counter. For exam 
ple, the counter controlling the third set of phase shift 
ers must receive the second, fifth and seventh pulses. 
In some instances the value of the phase shift in the Nth 
element falls midway between two integer multiples of 
the least bit size. In these cases, the values shown in 
Table ll have been chosen so as to minimize the error 
in the beam pointing angle. The numbers in Table I] re 
peat every eight pulses. 
The end of the scan cycle may be detected by sensing 

a unique state of 5 bits out of the total of 32 bits, com 
prised of 4 bits at each of 8 ferrite phase shifters. A 
unique state exists, for example, when the counter FF 
for dipole element No. 8 is 0100 and the element No. 
1 counter is 0! It). 

In the system of the present invention, it is only nec 
essary to provide counters to keep track of one half of 
the array. The other half of the array is controlled by 
the complement. Stated another way, it is only neces 
sary to calculate the phase-shift settings on one side of 
the array since the other side is the direct ones comple 
ment. The ones complement is available directly from 
the 4-bit binary counters FF each comprised of four 
?ip‘?ops in series. 
The proposed system permits the use of a single 

driver, if desired, for corresponding bits on the two 
sides of the array. 
What is claimed is: 
l. A phased-array antenna system comprising: 
a. an array of radiating elements; 
b. a microwave signal source; 
c. coupling means providing branch coupling be 
tween said signal source and the individual ele 
ments of said array; 

d. phase shifters in the individual branches of said 
coupling means; 

e. pulse-signal scan generating means for generating 
phase-shifter control signals; 

f. means coupling said scan generating means to indi 
vidual phase-shifters in various branches to control 
the conditions of the phase shifters, thereby to con 
trol the phase shift of said microwave signal in each 
branch as it passes therethrough to its associated 
radiating element; 

g. each of said phase shifters comprising a plurality 
of individual ferrite units each of a different size to 
introduce a phase shift corresponding to one of a 
series of binary bits; 

h. the ferrite unit which introduces a phase shift cor 
responding to the minimum bit being of a size to 
introduce a phase shift equal to 360° divided by 
2"—l, where n is equal to the number of ferrite 
units in the ferrite phase shifters. 

2. A phased-array antenna system according to claim 
1 characterized in that the sum of the phase shifts capa» 
ble of being introduced by the plurality of individual 
ferrite phase shifter units in each phase shifter is equal 
to 360°. 

3. A phased-array antenna system according to claim 
1 characterized in that said phased-array antenna sys» 
tern is characterized by having two complementary 
sides, each side comprising an even number of radiat 
ing elements on each side of a center element; and fur 
ther characterized in that said coupling means is an as 
sembly which is symmetrical on each side of the branch 
to the center radiating element, and in that each ferrite 
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phase shifter on one side of the center branch has a cor 
responding ferrite phase shifter on the other side of the 
center branch. 

4. A phased-array antenna system according to claim 
3 characterized in that a pulse counter is provided for 
each phase shifter in each branch on one side only of 
the center branch. 

5. A phased-array antenna system according to claim 
4 characterized in that said pulse counters comprise a 
plurality of bistable circuits connected in series. 

6. A phased-array antenna system according to claim 
3 characterized in that driver means are provided for 
driving the ferrite phase shifters. 

7. A phased-array antenna system according to claim 
1 wherein n is equal to 4, and the phase shift introduced 
by the minimum ferrite units, when in the one state, is 
equal to 24°. 

8. A phased-array antenna system according to claim 
I wherein n is equal to 4 and the phase shifts intro 
duced by the four ferrite units when in the one states 
are equal to 24°, 48°, 96° and 192°. 

9. A phased-array antenna system according to claim 
6 characterized in that said driver means includes com 
mon driver means for driving corresponding ferrite 
phase shifter units on the two sides of the antenna ar 
ray. 

10. A phased-array antenna system according to 
claim 6 characterized in that the coupling means pro 
vides a corporate feed between the microwave signal 
source and the individual elements of the array. 

11. A phased-array antenna system according to 
claim 10 characterized: 

a. in that each branch of the corporate feed includes 
a meander line, 

b. in that the phase-shifter units are ferrite toroids 
through the aligned centers of which the meander 
line passes, and 

c. in that each ferrite toroids unit of a phase shifter 
has a different width along the meander line than 
the other toroid units of the same phase shifter. 

12. A phased-array antenna system according to 
claim 11 characterized in that the toroid having the 
greatest width and providing the largest phase shift is 
more remote from the radiating element than the other 
toroids of the same phase shifter. 

5 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
13. A phased-array antenna system according to 

claim 9 wherein: 
a. said system includes means for establishing and 
controlling the durations of a transmit period and 
a receive period; 

b. said common driver means are adapted for setting 
the phase-shifter units in one state for the trasmit 
period and in the opposite state for the receive pe 
riod; 

c. the setting of the phase-shifter units on one side of 
the array is the one’s complement of the setting of 
the corresponding unit on the other side of the 
array during both of the transmit and receive peri 
ods. 

14. A phased-array antenna system according to 
claim 13 wherein: 

a. said driver means includes reset means; 
b. said reset means are dual means including dual 
storage capacitors for collecting energy to provide 
sufficient reset current to reset the phase-shifter 
units twice during each transmit-receive cycle. 

15. A phased-array antenna system according to 
claim 14 characterized in that a set driver is provided 
for each pair of corresponding ferrite toroids, and in 
that a separate dual reset or clear driver is provided for 
each pair of corresponding 4-bit phase shifters. 

16. A phased-array antenna system according to 
claim I wherein said system has two complimentary 
sides, wherein said coupling means is an assembly 
which is symmetrical on each side of the branch to cen 
ter, and wherein each ferrite phase shifter on one side 
of center has a corresponding ferrite phase shifter on 
the other side of center. 

17. A phased-array antenna system according to 
claim 10 characterized in that: 

a. each branch of the corporate feed includes a me 
ander line, and 

b. the phase shifter units are ferrite toroids through 
the aligned centers of which the meander line 
passes. 

18. A phased-array antenna system according to. 
claim 9 characterized in that each common driver 
means is utilized but once during each transmit-receive 
cycle. 

I 1r 1' * * 


