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A device' [ 0 1' Jll e'Hs ur ing t h(' phase' of pNiod ic s ignals in the audio 0 1' low ul trasonic 
fre'qllcncy ra nge is described. The errol' in t he In('as ul'('lne nt is ind ependent of signa l am
p li tude' w ithin limi ts, a nd for signa ls us ua lly met in pract ice is l('ss than 0.1°. The device 
is C';tsy to operate. The only ad just ment requi reci is t he se' tt ing of the se ns itiv ity of a n 
elrct. ronic coun ter. R es ults of phase mcas urellle'nt s "re I'ead on t he coun te'1'. A way il l 
w hi ch the measurement can be m ade in clepencicnt of eve n orcier harillonics in t he test s ig nal 
is a lso ci iscussed. 

The purpose of the device being describ ed is to 
measure phase of periodic electrical signals in t he 
audio or low ultrasonic frequency range. The error 
in"the measm ernent is independent of t he ampli tude 
oCthe sig nal within limits . For signals usually met 
in "practice, the errOl' is less t han 0.1°. 

The methods of' phase detection generally em
ployed are of two kinds: null detection [1]1 and zero 
crossover detection [2]. In t he first method, the 
difference in pha,se between t he test signfLl and a, 
standard is reduced to zero by t he use or a calibrated 
phase shifter. This method has the disad van tage 
of requiring careful adjustment of the nulling 
circuits. 

In t he method of zero Cl'Osso\'el' detection, two 
signals are clipped a nd co mpared in a mixing circuit . 
The pulse width of t he resul tant rectangular wave 
is a lineal' measure of the phase difference between 
the original signals. This method is used frequently 
because of its relati ,'e simplici ty; fewer ad justments 
ar e required. The accuracy depends upon t he 
ability to clip inputs of various amplit udes clo e to 
their zero crossings. Such close clipping produces 
rectangular waves approximately in ph ase wi th 
their related input signals. 

The device described here is an improvement over 
other phase rneters using zero crossover detection be
cause of the use of stable circuits which accm ately 
clip input signals at their zero crossings. The tran
sistor circui try is simple and requires no bias or other 
circuitry adjustments. The accuracy of the clipping 
action is preserved through the mixing and metering 
operations. Phase measurements are read on an 
electronic counter. Any counter capable of handling 
1 MHz repetition rate pulses may be used. Over a 
20 Hz to 20 kHz frequency range, a phase error of 
less than 0.10 is obtained for input signals of 0.1 to 
20 V. Signals of a co nsiderably wider frequency 
range and lower amplitude may be employed with 
some loss in accuracy. 

The best null detection instruments presently have 
greater ultimate accuracy but require frequent com
plex adjustments or have restricted ranges of phase. 

A block diagram of the overall phasemeter is 
shown in figure 1. There are two identical input 

I Figures in brackets indicate the literature references at the end of t his paper. 

cbannels. The inpu t signals must be periodic wi th 
unirormly spa.ced zero crossings. The number or 
zero crossings per period must be the same for both 
input signals. The input channels each shape an 
input signal in to a rectangular wa,ye. Th e rectangu
lar waves are combin ed in a. mixer , and t he resul tant 
is applied to a gate. A series of 1111Hz pulses fed to 
a coun ter is in terrup ted when the gate is closed. Th e 
average number of pulses counted during a gating 
cycle is pl'oportiona.l to t he phase difference between 
the input signals. The gated series of pulses usually 
includes a fraction of a pulse appearing at t he begin
ning and end of each sequence. This fractio n i 
determined by t he width of the gating signal. Th e 
coun t of t he fractional pulse is averaged over many 
gating periods so t hat the phase is sufficiently re
sol ,red at t he 1 :MHz r ate. Adequate resolution is 
obtained even when t he number of pulses to be 
counted is small , as occurs during a gating period of 
sbort duration . 

When the phase detector and coun ter are used 
together for the first time, the co un ter sensitivity 
co ntrol should be adjusted so that the fractiol1ttl 
pulse is averaged properly. This control ma.y be 
adjusted in the following way: A signal of high 
frequency Wl is fed in to one input of the phase de
tector and a signal of lower fr equency W2 is fed into 
t he other input. A gating ignal results which 
causes the gate to transrnit one qu arter of the 1 
MHz pulses to the counter. During each cycle of 
gating the signal from the mixer consists of a half 
cycle rectangular pulse derived from the lower 
frequency input added to a series of shor ter half 
cycle rectangular pulses derived from the high 
frequency input. The number of pulses in the series 
depends upon the arbitrarily chosen r atio of WI to 
W 2. Unless WI and W 2 are in tegrally related, the time 
inter val between the pulse recurring at the low 
frequency rate and the high frequency series of pulses 
varies in a continuous and periodic way. On the 
aver age, the gate is closed during half a gating cycle 
due to the lower frequency pulse and half of the 
r emaining half of the gating cycle due to the high 
frequency pulses . With those inputs the sensitivity 
control is adjusted to give a 0.25 MHz reading on 
the counter. It is desirable to use input signals at 
the high end of t he frequency range when making this 
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adjustment because the effect of fractionaJ mega
her tz pulses is greatest when the gate is open for 
s hor t times. Thus, rtn adequate ad justment with 
high frequ ency inpu t signals will be correct for lower 
frequen cies. III t he method of adjustment described 
tlte presence of some noise in the input signal is un
imporUmt sin ce t he count is averaged over lIlauy 
gating cycles . 

The circui t used to convert an input wave to an 
Lccurately inphase rectangular wttve is shown in 

figure 2. The basic elements consist of amplifier 
Q 3 of large gftin, ftnd feedback diodes CR3 and OR 4. 

These work in the following way: An input signal 
applied to the base of Q3 is greatly amplifled un til 
the collector outpu t vol tage breaks down the forward 
resistance of either diode OR3 or OR 4 . Above this 
breakdown voltage, any increase in the collector 
\ oltage is fed back to the base input of Q3' The 
large negatiye feedback sharply reduces the gain of 
the amplifier . The action of Q3 <tnd Q4, which results 
in a clipped wave, is symmetrical for positive and 
negative input signals. Since the gain of Q3 is large, 
the breakdown occurs abruptly soo n after the input 
vol tage departs from zero. Consequently, the diode 
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FIGURE 1. Block diagram oj phasemeteT. 
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characteristics may differ sOlnewhat without delaying 
the clipping action. The large negati \'e feedback 
during breakdown preven ts 03 from saturatin g or 
cutting off, avoiding transistor storage and delay 
problems. (The use or nonlin ea r de\·ices 11S feedback 
elements in tt ll openttional ampli(i.er is illusLra ted by 
Greenwood, I .A., et aI. l:)].) 

The r est of t he circui tr y performs as follows: A 
portion or the signal fmm t he output of 03 is ret urn ed 
to the input of 03, through 04, resisto r H4 and ca pa ci
tor ('2. Th e feedbltclc is posi tive and co ntroll ed so 
that t he gttin of Q3 is hnge yet s ta ble. ('2 opposes 
the " 11iller effect" capacitance shunting t he input of 03' 
The resulLing speedup in t he vertical rise of th e 
clipped w,we at hig ll frequencies sharpens tbe gtltin g 
action. A reduction of high frequency phase shift 
also occurs. The low source resistance coupling 02 
to Q3 minimizes this phase shif t. Th e negati\'e feed
back throug ll 113, which lowers the source of r esist
ance o( 02, also raises t he input resis t,LIl ce or 01 to 
several mego hms shunted by H2• Tll e input cllpaci
tance or the ulJity gain amplifier 01- 02 is less li mn 
10 pF. 

The phase shif t introduced by ea.ch chann el is 
negligible ill t he Jl1idfrequency r a ll ge, but in cre,tses 
at the extre me of t he !'ttnge for which the m eterin g 
circui t is designed. This error may amoun t to H 
fraction of n degree at 20 H z ,tnd ,tt 20 kHz. H ow
ever , as bot h ch,wn els are nominally id enLicnl in 
componen Ls, Lite rclH.ti \'e plmse error between the 
ch 'lIlnels is mu ch s maller. 

Th e positi\'e portions of t he rectangular w;t\'es 
obtained from each cha.nnel m'e combined at the 
diode mixer (,H 7• Diodes (,R s lwd (,H 6 a re slightly 
forward binsed so t lmt small posi tive sig n'lls are 
readily tmnsmi tted to t he mixer. Th e Il eg;lti ve 
portions or the clipped wa ve fro m ei t her cha nn el are 
not tr ansmi tted . Tllis prevents a n egati\ 'e signal 
from interferin g by cancellation with the gatin g 
action of a posi tiv e signal. Thus, slowly rising hig h 
fr equen cy pulses cause gating ,t t their s tart with EtLle 
delay. TIl e positive r ectangular pulses developed 
across OR 7 dri \'e gating amplifter Q6 to cutoff. The 
gated series of 1111Hz pulses is s ubsequently taken 
from the collector jUllction of Q6 when t he ga te is 
open. 

Each channel is protected from overload by diodes 
CRI and CR2• Series resistor Bjlimits the amount of 
current through these diodes and tends to isolate 
the inpu t signal source. RI is sufficiently small so 
that the attenuation and phase shift associated with 
it are unimportant. When diodes OR] and CRz 
break down , they may have a loading effect on the 
source. Greater isolation of the so urce from this 
loading effect may be desired . T his would be desir
able, for ins tance, when makin g simultaneous p hase 
and vol tage meas urements or the source. A ca.tbode 
follower or Darlin gton amplifier inserted ahead of 
RI provides sufficient isolation . 

Phase measurements become independent of even 
order harmonics if minor changes are made in the 
circuitry of figure 2. Diodes CR3 and CB. may be 
connected directly rather than through C\ to the 

collector output of Q3' This makes the pulse width 
of the clipped waye a function of the d-c yoltage at 
the collectOl'. B2 is adjusted so that the diodes 
break down symmetrically. ",Vithout compensation, 
even h,trmonics may cause unsymmetrical clipping . 
F igure 3 indicates ,t composite input wave with 
un equally spa.ced zero crossin gs resulting from the 
presence or <t il even order harmonic. The · corre
spo nding clipped wave has unequal positive and 
Il ega.tive portions. Th e d-c enor component caused 
by t his in equali ty is r eturJl ed to the input of Q1 
Lhroug h H2 as ll egaLi\'e fecd back T his gi \'es rise to 
a correctivc \'ol tagc drop developed across (,R 3 and 
(,H.I . This \'ol t,wc dr ojJ shifts t he tri'YO'erill o' level 
so Ll1<tt the clippi~lg is sYJllm etrical. C~~1 seq~en tly, 
th e ph ase shif t due to thc even ord er h arm onic is 
COlTec tee!. 

H odd harmonics are present, J1 0 correction occurs . 
Tn this case (fig. 4) tbe zero crossin gs of th e composite 
w,w e ,tre s hif ted uniformly in t he sam e direction , so 
that the positi\'e Hnd neg,tti\'e portions of t he wave 
Hr c equal. As it r esult , thcrc is no d-c component 
to restorc th c plwsc. 

OcC<tsiOll al . readjustment of Hz is required wi t h 
n removed, because of the tendency of the diode 
\'oitage to drift. This tend ency ca n be controllecl , 
ir Lhe d-c errol' co mponen t resultin g from drif t is 
<tmplifi ed before ret urllin g as feedback to ({I' 
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FIGURE 4. Phase shift (7) of cli pped wave due to 3d harmonic. 

Although good accuracy is obtained with non
critical general purpose components, improvement 
can be made by th e use of faster-acting diodes and 
transistors . Theil' faster rise times should produce 
sharper gating with less delay. 
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