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Abstract: The principle of irregular phase discrimination for get-
ting the relative phase wvalue consists of applying two signals
which are of different frequencies to a linear phase discriminator.
wnen the freguencies of these two signals are fa=A%C, fr=B*C, where
C can be any freguency, A and B are positive integers without any
common  divisor. The eguivalent freguency of the phase discr-
mmination obtained 1n this way is fzA¥B*C. The advantages of the
principle of phase discrimination are: low demand on the pertor—
mance of the equipment, high precision of the comparison and the
flexibility 1in the freguency used for phase discrimination. The
orinciple will gererally be used 1n the design of frequency stan—
dards, for freguency measurement and for oeneral and speclial phase
(Lime interval) comparisons.

The two phase compared zignals must have identical averages in the conventional
phase detection method., Not only does this method limit the frequency from
aolng higher, but it also has some nonlinearity in the phase detection at HF,
and has a dead zone problem.

Phase comparison with better precision i1s usually required in freguency and
time measurements. It 1s rnot required that the absolute frequency or phase be
measured, but only the relative values. A lot of analyses and experiments have
shown that it is not necessary to regquire that the two phase comparing signals
have the identical frequency for obtaining the relative phase value, as long as
thelr frequencies adgree with some precision. A typlcal phase comparison device
( with JK flip~flop characteristics) shown in Fig. 1 may be used. The
frequencles of the two imputs are different. The two frequenclies are:

Fa=A*C (1)
Fg=B¥%C (2)
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Fig., 1 Typical Phase Comparison Block Diagram
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where C can Be any frecuency: A and B are integral numbers without any common
divisor. The periods of the two signals are, respectively,

Tazl/fazl/tC (3)
Te=1/fa=1/B*C (4).

Thus, 1in 1/C seconds, fa completes A periods, while Fg completes B periods.
With every 1/C seconds, there are always A periods of fa compared with B
periods of fg 1n the switching phase detector. The pulse widths of the square
wave output from the switching phase detector differ from each other in every
1/C¢ seconds since the perilods Ta and Tg are rather different. However, the out~
put souare waves repeat every 1/C seconds periodically. The pulse width of each
sauare wave 1is the same as the one 1/C seconds later) except for the phase
s=hifts caused by the frequency differences between the two signals and for
their average values).

The switching phase detector is activated by A triggering siognals of fa andd B
triggering cignals of fg every 1/C secornds (see Flg.l and Fig. 2). Suppose that
AV, then there are B square pulses output from the phase detector in 1/C
seconds. The widths of the B pulses differ from each other 1n a aroup, and all
the pulse widths of B strings, with an interval of 1/C seconds, change with the
phase variations of the two compared input signals.

Eguations (1) and (2) represent the situation where fa and fs are coherent. If
they are independent of each other, feg 1% supposed to be the reference signal,
fa A%+ (At F/CHC. That is, Tezl/B*C, Ta=1/(A+ F/C)*C.

Then all the pulse widths of the B train of square waves vary with the period
of 1/C seconds, and the period of every square wave 1s Tg. However, the width
of the output sauare pulose can only vary over the rarge 0 -Ta cque to f. Along
with this variation of phase, the pulse widths of a group of scuare waves in
the train of B pulses, repeated each 1/C seconds, will either contirnually be-
come  smaller until it reaches zero, or larger until it reaches Ta. Then the
pulse width jumps; it alternates between 0 and Ta (the Jump is between T and
T and Ta &t the opposite output of the phase detector). The sum of all the
widths of the B pulses, which repeat every 1/C seconds, Jumps when the pulse
width of any aroup jumps. If £ is constant, all the Jjumps in the pulse widths
of the train of B pulses happen sequentially in a certain direction. Between
avary two jumps the variation of the sums of the pulse widths are identical and
equal to the Jumplng value. When AXB, the pulse width Jjumping group in the B8
train of pulses will always jump by an absolute value of 1/A%C seconds. That
is, certain pulse groups, whose period is 1/C seconds jump because their phase
has dirifted L/A%C seconds, «since £ 1 not zero. The ocutput square waves from
the phase detector have been modified from each other by the B train of pulses,
which have a period of 1/C secondz. When f i1s a constant, the pulse widths of
the B train of pulses always elther increase or decrgase, and Jump sequentially
in a certain direction. Between every two jumps of a pulse group, the two com—
paring signals have thelr relative phase shifted 1/A*C seconds because 0,
ard  all other B-1 square wave groups injected into other neighborhoods have
also had a pulse width jumpe. The phase shift, when the pulse width of each
SOUIAE WARVE Jroup Jumps, 1 1dentlcal, as well as the opposite phase shift be-
bcaen @vary two jumps. Then the equivalent frequency of the phase comparison 1s:

f=R*B*C (5).
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Fig.2 Yaveforms of lrrecular phase detection

The waveforms of the aforemantioned operational procedurs are shown 1n Fig.2.
The curve fg 19 a reference signal and Vg 1 the output from the phase detector
on each row, showlng the phase detecting output during a short time interval at
a given instant. Some typlical phase detecting output waveforms as functions of
tune are shown in the ditferent 1rows.

Pecadse the freguencies tor phase detection are different and the output pulse
widths  of  the sguare wave from the phase detector seem irregular at first
glance, 1t has been called "irreaular phase detection”. The phase variation of
thee compared signals ig very preclsely analoglized by the level variation from a
low pass filter on the phace detector output.

Somer characteristics of the irregular phase detection are as follows:

1. Eguations (1), (27 and (5) show that the bigoer the values of A and B
{while C iz smaller by some degree), the the higher the eguivalent phase
cdetecting freguency .

For two high freauency =ignals with  1dentical effective wvalues, the
lirmearity and the precision of the phase detection may be improved by
frequency divizion before phase detection. There can be no common factor
betwean the divisors of the twoe signals; otherwise the equivalent
fraguency and the precision of the phase detection will be lowered
proportional Lo the common divisor.

D Compariliry the full periodical outputs, the voltage amplitude from the

1rresular phase  detection 15 smaller than that from the 1dentical
freguency phase detection.
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The output pulse width does not change totally periodically from the
phase detector in irreaular phase detection. Furthermore, only one of the
B trains Jumps during a full phase detecting period, and the pulse widths
of all the other trains are mearwhile gradually drifting along with the
phase drift of the comparing signals. Thus, from the phase detector made
of awitching comporents, the ocutput equivalent phase detecting voltage in
a full period of wrregular phase detection 1s:

VoV ¥t/ fa
V¥ (BXC)/ (AXB*C)
=V /13 (A>B) (&)

where f 1z the equivalent phase detection frequency:; Vu i3 the cutput
phase detecting voltage in a full period of the identical frequency phase
detection, which is about the voltage of the powsr supply if the satura-
tion voltage of the switching phase detector and the atteruation of the
filter are lancred.

3. The Linearity of irregular phase detection is much better than that of
the identical frequency phase detection. A shown in Fig. 2, since faffs
i the case of irregqular phase detection, only one of the twe extreme
situations of the duty factor (1 and 0) can exist in the output of the
phase detector. Among the injected pulse groups of the B trains, when the
auty factor of orme train is 1 or 0, all the other B~1 frairme are situated
between the possible maximum and minimum of the duty factor. Nonlinearity
will not be caused by the limited switching spesd of the phase detector.
The phase detecting output., after filtering, is equal to the average D.C.
voltage of the sauare waves. Nonlinearity has been recduced considerably
since a possible nonlinear case has been averaged by B-1 normally linear
cases. By increasing the values of B and A, the phase detecting non-
Linearity can be improved while the equivalent frequency of phase detec—
tion stays constant. The two comparing signals can be divided |, by larga
numbers  (without common divisors) before phase detection to improve the
linearity; however, it will reduce the output voltage of the phase detec—
tion 1n a full period.

Forr identical frequency phase detection at 5 Mz, the dead and serious
nonlinear zones are about 15% of a phase detecting period. For irreaular
phase detection at an equivalent frequency of 50 MHz, using a similar
phase detector, the abromrmal zone is smaller than 1% if A and B are
properly chozen.

4, In irregular phase detection, the periocd of the output square wave
from the phase detector is equal to that of the signal, which has a lower
frequancy, and the range of the pulse width variation is equal to the
period of the signal which has a higher freguency. The period of the out~
pUL  square wave groups 1s equal to the reciprocal of the comwmon factor €
in fa=fAxC and fg=B*C; therefore, 1/C corresponds to the upper limit of
the responding speed of the phase detector.

The phase detector designed for the measurement of atomic frequency standards
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using irregular phase detection may get a similar result to that of the identi-
cal freguency phase detector at 100 MHz, but it works at a lower frequency, The
precizion of irregular phase detection can be as high as 3.5%10-1%/day and
11013 /hour, yet the equipment is kept simple.

It iz a commoh situation in radio electronics that two slgnals with different
frequencies need to be phase compared. Usually there iz great difficulty turpe
irg them into identical freguencies, but lrregular phase detection can simplify
the complicated circuits in this situation and avoid some additional nolse.

This rew principle of phase comparison may be widely used in phase locking
techniques, 1in the design of new fregquency standards, freguency msasurement,
automatic control systems, and for gereral and special phase comparison. Higher
precision may be achieved using simplified systems.
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