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Microwave Phase Comparator*

H. B. SMITH, JR.$, W. H. PEPPERIJ, MEMBER, IRE, AND

J. H. LITTLE~

Summary—A method for passively measuring the phase angle
between two signals of the same frequency is described. While
simple in concept, the system has no ambiguities throughout 360°

and is independent of relative signal amplitudes because phase
angle is dkplayed orthogonally to amplitude. Consisting principally
of two hybrids with detectors and an X-Y indicator, the system con-
tains no moving parts or active phasing devices. In addition to
making routine phase measurements, it can be readily applied to
automatic direction finders, polarization analyzers, and impedance
plotters.

INTRODUCTION

A

S1 MPLE method for measuring the relative

phase angle between two signals of the same

frequency is presented. It differs from previous

phase-measuring techniques in that it indicates phase

angle automatically and instantaneously without using

* Received June 22, 1962; revised manuscript received August
27, 1962.

~ National Aeronautics and Space Administration, Goddard
Space Flight Center, Greenbelt, Md. Formerly with Diamond Ord-
nance Fuze Laboratories.

~ U. S. Naval Torpedo Station, Keyport, Wash. Formerly with
Diamond Ordnance Fuze Laboratories.

II Diamond Ordnance Fuze Laboratories, Washington, D. C.

modulators ,2,3 or frequency translators.4,6 The principle

of phase comparison described presents no ambiguities

throughout 360° and is independent of relative signal

amplitudes. ” It is classed as a passive system since there

are no moving parts or active phasing devices. The

measuring speed is limited only by the indicating device.

1 P. Lacy, “A versatile phase measurement method for trans-
mission line networks, ” IRE TRANS. on MICROWAVE THEORY AND
TECHNIQUES ( Correspondence), vol. hfTT-9, pp. 568–569; November,
1961.

z W. F. Gabriel, “An automatic impedance recorder for X-band,”
PROC. IRE, vol. 42, pp. 1410–1421; September, 1954.

3 H. A. Dropkin, “Direct reading microwave phase-meter, ” 195s
IRE NATIONAL CONVENTION RECORD, pt. 1, pp. 57-63.

4 C. A. Finnila, L. A. Roberts, and C. Susskind, “Measurement
of relative phase shift at microwave frequencies, ” IRE TRANS. ON
MICROWAVE THEORY AND TECHNIQUES, vol. MTT-8, pp. 143-147;
March, 1960.

s R. C. Cumming, “The serrodyne frequency translator, ” PROC.
IRE, vol. 45, pp. 175-186; February, 1957.

e S. B. Cohn and H. .G. Oltman, “A precision microwave phase-
measurement system with sweep presentation” 1961 IRE INTER-
NATIONAL CONVENTION RECORD, New York, N. Y., pt. 3, pp. 147-
150. This paper derives detected signals proportional to sin @and cos
4, as is done here. The ratio of these signals, or tan O, is displayed on a
ratio meter or equivalent to obtain a phase indication which is in-
dependent of amplitudes. The possibility of a 180° phase ambiguity
does exist, however, when displaying only tan ~.
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The RF components of the phase comparator circuit

described comprise standard microwave components,

namely two 3-db hybrids, two two-way power dividers,

two pairs of detectors, and interconnecting transmission

lines. A suitable display device is also required. Each

of the two signals whose phase difference is to be meas-

ured is divided into two equal parts and thereafter

combined in the hybrids. A pair of detectors is asso-

ciated with each hybrid. By treating the difference of

the detected outputs of one pair of detectors orthog-

onally to the difference of the detected outputs of the

other pair of detectors, a single-valued function of

phase for 360° is obtained.

THEORY

Consider the circuit of Fig. 1 with input signals whose

amplitudes are proportional to A and B ancl have a

relative phase angle of + degrees between them. Hybrid

I is a ring network (180° hybrid) connected to the

power dividers by two equal lengths of transmission

line. Hybrid II is another ring network which is con-

nected to the power dividers through two lines differing

in length by one-quarter wavelength (equivalent to a

90° hybrid). The complex signals at output terminals a

and b of hybrid I are proportional to

= (A– B)cos~+j(A +B)sin~ (1)

Eb z ~e+i(9/2) + ~g–i($O/2)

= (A +B)cos~+j(A – B)sin~. (2)
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Fig. l—Phase comparator circuit.

If the detected amplitudes are proportional to I El 2

(identical square law detectors and ideal circuit com-

ponents operating within their intended frequency

range)

Pa = \E. p = (..42 + Iv) – 2AB Cc)s @ (3)

p, z /E,l~ z (.4’ + B’) + 2AB COS@. (4)

The difference of the detected amplitudes is

rb – Pa z 4AB COSI$. (5)

Similarly, the detected amplitudes at output terminals

c and d of hybrid II are

PC z IEOIZ = (As + B2) + 2ABsinp (6)

P,= \Ed]~ x (A2 + B2) - 2AB sinp. (7)

The difference of these detected amplitudes is

P. – pd = dAB ~in~. (8)

Displaying these difference amplitudes orthogonally,

i.e., ~b – Pa along the X axis and Pc ‘Pd along the Y

axis, the total indicated power is

P, = 4AB cos + + j4AB sin @ = 4ABe’@. (9)

This function is single valued over 360° and has an

amplitude proportional to the product of the signal

amplitudes. Further, the amplitude is displayed as a

radius to the circle described by p.

It may be noted that the sum of the detected signals

is a quantity which is independent of the relative phase

and proportional to the total input power.

EXPERIMENTAL RESULTS

Using the circuit shown in Fig. 2 as a source of con-

stant amplitude signals—one of fixed phase and clne of

variable phase—the detected amplitudes at the output

terminals a, b, c and d of a printed microstrip version

of Fig. 1 were measured with a bolometer detector.

These measured outputs as a function of the re’lative

phase of the two input signals are shown in Fig. 3 as

plotted points. A theoretical power curve is fitted over

the measured values.

Fig. 4 is a display obtained using four crystal de-

tectors when pb — Pa is applied to the X axis and

P. ‘f’d is applied to the Y axis of an X–- Y recc)rder.

That is, the outputs of the detectors attached to hybrid

I are connected such that only the difference of the cle-

tected signals is developed across a loacl (the X axis of

the recorder). The detectors attached to hybrid I I are

connected in a similar manner to the Y axis. The radials

approximately every 45° were obtained by stolpping

the probe of the slotted line at intervals of 45 electrical

degrees and allowing one of the signals to go to zero.

The various circles are labeled as to the difference in

signal amplitudes.

The circles drawn by the X-Y recorder are not

perfect, resulting in a phase error reading of as much as

approximately ~ 4°. The VSWR at either signal input

terminal with matched loads on the four output ter-

minals was below 1.1 over at least an 8 per cen~t fre-

quency band. Also, the power division between the

four detector arms was equal to within 0.1 db, from

either input terminal. The precise difference in length

between the two transmission lines leading to hybrid

11 was not known. A differential line length c,E A/4,

which was in accordance with previously measured
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Fig. 4—Phase comparator output displayed on X-1’ recorder.

microstrip propagation constant,’ was selected. The

crystals used as detectors were not selected nor were

their input impedances matched. This is believed to be

the largest source of error appearing in Fig. 4. Bolome-

ter detectors were not used because biasing is not pro-

vided at the X-Y recorder input terminals.

When the input signals are in-phase, or anti-phase,

and when using ideal system components, the quad-

rature detected signals are equal in amplitude, making

their difference equal to zero. This produces an X

axis crossing. When the input signals are in phase

quadrature, the detected outputs from the 180° hybrid

are equal, producing a Y axis crossing.

The phase comparator described above has a rela-

~ /fMeasured M icrostrip Line Impedance and propagation COn-

stant vs Strip Width, ” The Microwave Engineers’ Handbook and
Buyers’ Guide, p. TD-71, 1961.

tively narrow frequency band because of the fixed

quarter-wavelength phase shifter that is employed. A

broad-band version would use a 90° 3 db hybrid in

place of the quarter-wavelength phase shifter and the

associated 180° hybrid.

APPLICATIONS

This phase comparator can be used for routine phase

measurements with or without accompanying change

in attenuation with change in phase. Thus, the com-

parator will permit determination of change in attenua-

tion with change in phase, or of change in phase with

change in attenuation, because these two function’s are

displayed orthogonal to one another.

It may be noted that a phase difference of 4 = na be-

tween the input signals produces an identical variation

of @ = na in the output power indication. For example,

when measuring the phase difference between currents

induced by a signal on two antennas separated

by five wavelengths, the phase comparator output

undergoes ten complete cycles for a change in s~gnal

direction, in a plane containing the antennas, of ~ = 180°.

An X-Y indicator would trace out ten complete circles

for the 180° change in signal direction.

Similarly, this phase comparator can, with an addi-

tion to the input circuit, be used as an automatic im-

pedance plotter, indicating impedance directly on a

Smith chart. The addition to the input circuit could be

simply a 180° hybrid. The required @= 2a variation

i.e., repetition of impedance every 180°, is obtained by

virtue of comparing signals comprising incident and re-

flected waves.

When used in conjunction with an antenna array of

oppositely sensed circularly polarized radiators, the

phase comparator becomes an integral part of an auto-

matic polarization analyzer. When used with a spiral

antenna operating in the first two radiation modes

simultaneously, it becomes part of an automatic direc-

tion finder with no moving parts or directional ambigui-

ties over a hemisphere. 8’9

Substituting ~ = Af, where Af is an incremental

change in frequency, the phase comparator becomes a

“Direction Sensitive Doppler Service” described by

Kalmus.10

The phase comparator described, while quite simple

in concept, is capable of unambiguous indication of

phase angle over 360° and will independently indicate

change in attenuation. The orthogonal treatment of

phase and amplitude allows application to a wide

variety of automatic devices.
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