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INSERTION PHASE CORRECTION OF PHASE 
SHIFTERS BY PRESETTING BINARY COUNTERS 

BACKGROUND OF THE INVENTION 

Phase shifters have found wide use in modern elec 
tronic systems, particularly in phased array antennas 
for modern radar systems; such antenna arrays consist 
essentially of a large number of radiating elements fed 

5 

from a common signal source, with each radiating ele- '10 
ment being connected to a separate phase shifter which 
determines individually the phase delay of the signal for 
that element. By individually driving the phase shifters 
so as to achieve the proper relative phase shift at the 
various elements, the contributions from these ele 
ments can be added vectorially in such a manner as to 
steer the antenna beam electronically. One of the 
severe problems in construction of a phased array an 
tenna is that of unit-to-unit variation in the insertion 
phase shift of the phase shifters, that is, the amount of 
phase shift inherently present in a phase shifter when 
no differential phase shift command is present. The 
problem of inadequate production tolerances in the 
phase shifter is magni?ed because of the large number 
of antenna elements; often more than several hundred 
such elements are required. These production 
tolerances in phase shift often exceed the limit necessa 
ry for accurately steering the beam or shaping the 
radiation pattern of the antenna array. Consequently, 
some method of correcting for such unit-to-unit varia 
tions of insertion phase shift is required. 
A commonly used method of correcting for dif 

ferences in insertion phase shift consists of placing a 
dielectric shim of appropriate dimensions in the 
waveguide to change the propagation time of the RF 
energy through the waveguide by an amount suf?cient 
to bring the insertion phase within the desired 
tolerance. This method often takes considerable time 
in a production run of several hundred or thousand 
phase shifters because each phase shifter must be first 
placed in an RF test ?xture to measure the insertion 
phase and, after removal from the test ?xture the ap 
propriate dielectric shim must be securely mounted 
within the waveguide, and, ?nally, the phase shifter 
must be placed back in the test ?xture for verification 
of the correct value of insertion phase. If the insertion 
phase is still improper, further shimming is required, 
together with subsequent veri?cation of correct value. 
One type of logic-driver circuit often used for each 

phase shifter of the antenna array employs a binary 
counter. With this type of logic-driver circuit for the 
phase shifters, the desired phase command is 
represented by a specified number of pulses applied to 
the clock input of the ?rst stage of the binary counter 
which advances the counter to represent the desired 
phase shift state. Previously, the counter has been set 
normally to the ZERO state before each new dif 
ferential phase shift command is entered at the clock 
input. This ZERO state then is used as the insertion 

. phase reference state. An appropriate dielectric shim is 
glued into the waveguide to correct the insertion phase 
shift to within the desired tolerance, in accordance with 
the procedure already outlined. 

SUMMARY OF THE INVENTION 

A novel method of correcting the insertion phase in 
volves the use of a presettable binary counter. By the 
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2 
addition of preset lines to the counter, the latter may be 
preset, rather than cleared or set to the ZERO state, 
when a preset pulse is received. The preset value is 
chosen to represent the necessary amount of phase 
shift to correct the value of insertion phase to within 
the tolerance required. This preset value then becomes 
the corrected insertion phase shift for that phase 
shifter. The differential phase command merely ad 
vances the counter an additional speci?ed number of 
steps to obtain the desired differential phase shift. Ap 
plication of this novel concept to a production run of 
phase shifters can result in considerable cost reduction. 
After determining the actual phase shift inherent in the 
phase shifter by means of the RF test jig, presetting of 
the counter by an amount necessary to correct for the ' 
deviation of the insertion phase shift from a desired 
reference value can be accomplished simply by per~ 
manently wiring into each of the preset data lines of the 
binary counter the binary representation of the desired 
insertion phase correction, which is inserted into the 
counter upon receipt of a preset pulse (command). 
Since the microwave assembly of the phase shifter is 
not disturbed, selection of the preset value will be a 
“one-time” operation, and expensive and often tedious 
repeated gluing of a dielectric shim and multiple retest 
ing of the phase shifter and alteration of the shim is 
eliminated. 

DESCRIPTION OF THE DRAWING 

FIG. 1 is a simpli?ed functional block diagram of a 
typical application for which the method of the inven 
tion is well suited; and 

FIG. 2 is a diagram showing the application of the 
system diagrammed in FIG. 1 to a ferrite phase shifter. 
DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT » 

An arrangement of phase shifters is shown in FIG. 1 
for a typical application, namely, a phased array radar 
system. The RF signal is applied to each of many phase 
shifters 10A to 10N and the phase-shifted output from 
each of said phase shifters is coupled to respective an 
tennas 12A to 12N. The direction of propagation of the 
transmitted signal is indicated in FIGS. 1 and 2 by a 
solid line and the direction for the received signal is in 
dicated by a dashed line. A binary counter 15A to 15N 
is associated with each of the respective phase shifters 
10A to ION. The counters of FIG. I are illustrated, by 
way of example, as four-bit counters; the invention, 
however is not limited to counters having this number 
of bits. The number of counter stages is dependent 
upon the precision of adjustment required and, for a 
given maximum overall phase shift, the greater the 
number of counter stages the smaller will be the 
amount of phase shift represented by each count 
thereof. Each counter 15 has a preset pulse (com 
mand) line, a clock input, and the preset data lines 28, 
as will be described in greater detail subsequently. 
A typical phase shifter 10 is shown in FIG. 2 and is 

shown, by way of example, as a four-bit ferrite phase 
shifter which includes four separate rectangular ferrite 
toroids 20a, 20b, 20c and 20d spaced apart by inter-bit 
spacers 22a, 22b and 22c. The toroids can be provided 
at each end with matching transformers, if necessary, 
one of which, viz., transformer 24, is partially visible in 
FIG. 2. Magnetizing wires 25a, 25b, 25c and 25d pass 
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through an elongated dielectric 23 to provide necessary 
energization of the respective toroids 20a to 20d. These 
wires 25 pass axially through the dielectric member 23 
and one end of each magnetizing wire 25 is connected 
to a reference potential, such as ground. The other 
ends of the magnetizing wires 25a, 25b, 25c and 25d are 
connected to the output lines of respective counter 
stages 15a, 15b, 15c and 15d, usually through driver 
ampli?er circuits 30. As shown in FIG. 2 the length of 
the toroid 20b is twice as long as that of toroid 20a, and 
thus provides twice as great a phase shift, since it is as 
sociated with the next larger signi?cant bit of counter 
15. Similarly, the toroid 20c provides twice as much 
phase shift as toroid 20b and toroid 20d twice as much 
phase shift as toroid 20c. In this manner, one obtains a 
digital phase shifter with the phase shift dependent 
upon the output of the four stages of binary counter 15. 
The counter 15 of FIG. 2 includes preset data input 
lines 28a to 28d, one for each of the respective four 
counter stages 15a to 15d. Each of these input lines can 
be connected either to a binary ONE or to a binary 
ZERO input. This alternative connection is shown 
schematically in FIG. 2 by moveable switch arms; how 
ever, in practice, these connections are ‘wired in per 
manently. 
The phase shift introduced by each of the phase shif 

ters 10A to 10N of FIG. 1 must be determined by any 
one of several well known methods of measuring phase 
shift. For example, an input signal can be supplied to 
the shunt arm of a magic tee with the energy in one of 
the side arms thereof being supplied to a calibrated 
phase shifter and the energy in the other side arm of the 
magic tee being supplied to the phase shifter under test. 
The outputs of both the calibrated phase shifter and the 
test phase shifter then is coupled, as by means of 
another magic tee, to a detector. The calibrated phase 
shifter is adjusted to provide maximum detector out 
put, ?rst prior to activation of the phase shifter un 
dergoing test and then after such activation. The dif 
ference in two readings of the calibrated phase shifter 
for these two conditions provides a measure of the 
phase shift introduced by the phase shifter undergoing 
test. 

In a phased array radar application, for example, the 
effective insertion phase shift of every phase shifter in 
the phased array should be made as uniform as possi 
ble. As previously explained, this cannot be achieved 
readily in production and the various phase shifters ex 
hibit different values of insertion phase shift. will be as 
sumed arbitrarily, for purposes of explanation only, 
that the insertion phase shift is to be 220°. By insertion 
phase shift is meant the phase shift which the phase 
shifter should have at the time the differential phase 
shift command is applied. If it be assumed further that a 
given phase shifter 10A provides actually only 150° of 
insertion phase shift, an additional 70° phase shift obvi~ 
ously is required to achieve this effective insertion 
phase shift of 220°. For a system using a four-bit binary 
approximation of differential phase shift, one could use 
a four-bit counter, with a total count of 16, and since 
one cycle of counter operation represents 360° phase 
shift, it is evident that each count represents an incre 
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ment of 22 V2" phase shift which results in a tolerance of 65 
plus or minus 11 1A". If greater accuracy had been 
required, one could have used a ?ve-bit counter (32 

4 
counts) and then a tolerance of 5 96° would be ob 
tained. In the example given, presetting will be the 
closest approximation to 70° which, for a four-bit ap 
proximation, is 67.5°, will be the wired-in present data 
for the counter. In other words, preset data lines 28a 
and 28b will be prewired to a “ONE” input and preset 
data lines 280 and 28d will be prewired to a “ZERO" 
input; that is the binary number 001 l (least signi?cant 
bit to the right) is wired into this binary counter 10A. 
This binary number 00ll represents 0° >< 180° + 0° X 
90° + 1° X 45° + 1° X 22.5° = 675°. The same 
procedure, using the appropriate preset data, would be 
used for each of the other phase shifters 10 used in the 
system shown in FIG. 1. In operation, a preset pulse is 
applied to the preset pulse line of each counter, 
whereupon the wired-in preset data is transferred into 
the counter. In the example given, counter 15A would 
have an initial state of 0011 to correct the insertion 
phase for that phase shifter. This initial state is the state 
of the given counter prior to receiving the differential 
phase shift command at the clock input, and is the 
closest approximation (675°) to the desired insertion 
phase correction of 70°. This binary approximation 
(67.5°) then is the starting condition for the given 
counter. 

In order to provide the necessary differential phase 
shift for each of the phase shifters of the system of FIG. 
1, an appropriate number of clock pulses can then be 
supplied to the corresponding counter 15 to advance 
the counter by that number hence, an addition of the 
preset number (insertion phase correction 0011) and 
the differential phase shift is accomplished. For exam 
ple, if the phase shifter 10A is designed to provide 135° 
phase shift after correction of the differential insertion 
phase, then 135 divided by 22 lie or six clock pulses 
more would be applied to the counter 15A in order to 
advance it by an additional six counts -— corresponding 
to the additional 135°. 
We wish it to be understood that we do not desire to 

be limited to the exact details of construction shown 
and described, for obvious modi?cations will occur to a 
person skilled in the art. 
What is claimed is: 
l. A method for initially setting a plurality of phase 

shifters to an identical desired reference insertion 
phase shift by correcting for departure of the actual in 
herent insertion phase shift from the desired reference 
insertion phase shift in each phase shifter operating in 
conjunction with a binary counter, each count of which 
acts upon said phase shifter to produce an incremental 
amount m of phase shift, comprising the steps of; 

measuring the amount n by which the phase shift 
produced by each said phase shifter departs from 
said reference insertion phase shift; and 

presetting the closest binary approximation of said 
amount n into each said counter to correct for 
each said departure in insertion phase shift. 

2. A method according to claim 1 wherein said 
amount m is equal to the ratio of 360° to the number of 
counts in the counting cycle of each said counter. 

3. A method according to claim 1 further comprising 
the steps of; 

applying a number k/m of clock pulses to each said 
counter to advance the count obtained by 
presetting said counter an amount sufficient to 
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establish a desired differential phase shift k within 
each said phase shifter. 

4. A phased array system comprising an array of an 
tennas, a separate phase shifter connected in circuit 
with each corresponding antenna, a separate multi 
stage binary counter having output lines coupled to a 
corresponding phase shifter for supplying said phase 
shifter with a binary input data which changes the in 
herent insertion phase shift of said phase shifter by an 
increment of m degrees for each binary count of the 
counter, said counter having a preset pulse line for all 
stages of said counter and a preset data line for each 
stage of said counter, means for applying to said preset 
data lines of a given counter the closest binary 
representation of the phase correction necessary to 
correct for the deviation of the actual insertion phase 
shift of the corresponding phase shifter from a desired 
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reference insertion phase shift which is identical for all 
phase shifters, and means for applying a preset pulse to 
said preset pulse line of a given counter to transfer said 
preset binary data to the output lines of the cor 
responding counter. 

5. A phased array system according to claim 4 
wherein each counter includes a clock pulse input, and 
means responsive to n/m said clock pulses for advanc 
ing the count established for the counter by said preset 
binary data to provide a desired differential phase shift 
of n degrees for said corresponding phase shifter. 

6. A phased array system according to claim 4 
further including separate means for driving each of 
said phase shifters with said binary data at the cor 
responding counter output lines. 

* * * * * 


