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winding 58, the capacitors 60  Figure 4 for a further explanation of how
the     and 62 and the source-to-drain path of the  error voltage is
produced. In the waveforms     transistor 48. As an illustration, if the
of Figure 4 the signal from the controlled     instantaneous
source-to-drain voltage is 10  signal source is a sawtooth waveform and  5
volts, the gate electrode will be biased 5 volts  that from the reference
signal source is a  70     positive with respect to the source electrode
synchronizing pulse for controlling the phase     52. Assuming 1 volt
increments between the  and frequency of the sawtooth wave. To     curves
40-53, the transistor will be operating  this end the phase and frequency
of the signal     on the curve 48 witha source-to-drain voltage  from the
sawtooth generator 54 is adapted 10  of 10 volts and an instantaneous drain
current  for control by a d-c voltage which is derived  75     of
approximately 13 m.a.                     as a result of the phase
comparison between       During the time when the voltage from the  the
synchronizing signals and the sawtooth     controlled signal source  54
drives the elec-  wave.     trode 50 in the negative polarity direction,
The synchronizing pulses 78 from  the 15 and the electrode 52 an equal
amount in the  source 40 are of a polarity such that the pulse 80
positive polarity direction with respect to  excursions are in the positive
direction.     ground, the electrode 52 acts as the drain and  These
positive synchronizing pulses are     the electrode   50 acts as the
source. As  coupled through the  capacitor 44 to drive     mentioned
before, the gate electrode is  the gate electrode 46 in a direction to
increase 20 maintained at substantially ground potential  the current flow
between the source and drain  85     by the resistors 72 and 74, and hence
the gate  electrodes 50 and 52. During the intervals     electrode is
maintained positive with respect  between synchronizing pulses, the
capacitor     to  the source electrode 50. Referring to  A4 discharges
through the resistors 72 and     Figure 2, it will be seen that the
transistor 48  74 so that a small net d-c voltage due to the 25 is biased
into conduction with conventional  synchronizing pulses will be produced at
the  90     current flowing clockwise around the loop  gate electrode.
This voltage does not cons     including the secondary winding 58, the
tribute  to the error voltage developed at the     capacitors 60 and 62 and
the source-to-drain  electrode 50 but only  affects the amplitude of
path of the transistor 48. As an illustration,  the current flowing between
the source and 30  if the instantaneous source-to-drain voltage  drain
electrodes to reduce the current there-  95     is 10 volts the gate
electrode will be biased  between as indicated by the curve 80 of     5
volts positive with respect to the source  Figure 4a. 



electrode 50. Assuming one volt increments   If, during the synchronizing
signal period,     between the curves 40-53, the transistor will the
operating electrode 50, in response to the 35 be operating on the curve 48
in the third  sawtooth signal, is positively polarized with 100
quadrant with an instantaneous drain current respect to the electrode 52,
electrode 50 acts     of approximately 13 m. a.               as a drain
and electrode 52 acts as a source       Since opposite half cycles of the
signal from   electrode. Under the conditions shown in     the controlled
signal source 54 produce equal  Figure 4a, the gate electrode is driven
posi- 40 and opposite currents through the transistor  tively by the
synchronizing signal during this 105     48, not residual charge is
developed on the  interval, and the drain current 51 is increased.
capacitors 60 and 62 and thus no error voltage  With reference to Figure 2
the synchronizing     is present for application to the controlled  pulse
drives the transistor from operation on     signal source 54.
the curve 48, for example, to operation on the 45   If a signal from the
reference signal source  curve 53 for example. However during the 110
40 is applied to the gate electrode 46, and the  portion of the cycle
following the synchroniz-     controlled signal source does not bear the
ing signal when the electrode 52 operates as     proper phase relation to
the reference signal,  the drain, current is approximately the same     the
currents in the opposite directions through  as it would be in the absence
of the syn- 50 the transistor will not be equal  and the  chronizing
signal. Thus the transistor con- 115     capacitor 60 will charge up to a
plus or  duction is not  the same for the positive and     minus direct
error voltage depending on the  negative excursions of the sawtooth wave
and     phase of the two signals. The error voltage  hence, a charge builds
up on the capacitor     is developed across the resistors 66  and 68  60
which causes the electrode 50 to become 55 which are effectively connected
in parallel  negative with respect to ground.      120     with the
capacitor 60. If desired a bias source    The graph of Figure 4b shows the
con     may be provided in connection with the  dition where the potential
of the operating     resistors 66 and 68, so that the error voltage
electrode 50 is negative with respect to the     will be either negative or
positive at in phase  electrode 52 during the occurrence   of the 60
condition and become more negative or less  synchronizing pulse.  Under
these conditions 125     negative, or more positive or less positive,
greater  current flows when the electrode 52     depending on the phase
error between the  operates as the drain, and the capacitor 60
controlled signal source 54 and the reference  charges up to make the
electrode 50 positive     signal source 40.                            with
respect to ground. The direct voltage 65    Reference is made to the
wavefoms of appearing at the electrode 50 is applied to the 130     



1,041,546                        sawtooth generator (controlled signal
source  trode to minimize the transistor loading on
54) to correct its phase to the condition  the controlled signal source. By
way  of   shown in Figure 4c.                         example, the circuit
of Figure 5 was found to                          As shown in Figure 4c the
synchronizing  exhibit acceptable operation when the im-
5  pulse occurs during the time that the saw-  pedance of the controlled
signal source was 70                        tooth wave traverses the zero
d-c axis. Very  approximately 10 ohms. Similarly, the im-
little source or drain voltage is present, and  pedance of the reference
signal source 98.                        the amount of current drawn during
the  should be low relative to the impedance                   sync pulse
interval will be relatively small and  looking into the gate electrode 96
at the                   10  any increase of current will be divided
equally  desired frequency  of operation. It   was 75
between the clockwise direction and counter-  found that a reference signal
source 98                        clockwise directions of the flow. Thus the
impedance of approximately 2700 ohms was                        capacitors
60 and 62 will not charge up and no  acceptable.
error voltage will be developed at the elec-      15  trode 50. This means
that a substantially    WHAT WE CLAIM  IS-                        zero
error voltage will be applied to the    1. A phase detector circuit
comprising  80                        controlled signal source 54. The
automatic  an insulated gate field-effect transistor having
frequency and phase control type of opera- a bidirectional current path of
controllable                        -tion is provided by virtue of the
basic phase  conductivity, and a first source of signals
20  detecting and comparing action of the circuit coupled to the transistor
to produce bidireo-                        including the field effect
transistor 48. It  tional current flow through said path, the  85
will be noted that the circuit described is  relative magnitude of the
current in one                        extremely simple involving a
relatively small  direction through said path as compared to
number of component parts, and that no  current in the other direction
through said                   25  separate biasing circuits other than the
signals  path being controlled in response to signals
supplied to the transistor are required  for  from a second source of
signals coupled to  90                        proper operation.
the transistor.                          Furthermore it will be noted that,
in the   2. A phase detector circuit according to
absence of the synchronizing signal, the  Claim  1, wherein said
bidirectional current                   30  currents flowing around the
loop between the  path is between a pair of electrodes and the
source and drain electrodes will be equal and  conductivity is controllable
as a function of 95 



opposite so that no error voltage is developed  the potential applied to a
control electrode,                        As mentioned above this feature
provides  and wherein there are provided circuit means          the
advantage of permitting the controlled  interconnecting said control
electrode and                   35  oscillator to oscillate at its natural
frequency  said pair of electrodes, said first source of
without being pulled by an erroneous phase  signals is coupled in balanced
relation between 100                        error signal.
said pair of electrodes, said second source of
Figure 5 shows an unbalanced phase de-  signals is coupled to said control
electrode,                        tector circuit in which an insulated gate
field-  and means are coupled to at least one of said                   40
effect transistor 90 includes operating elec  pair of electrodes for
deriving an output                        trodes 92 and 94 and a gate
electrode 96. voltage from said one electrode.         105
Signals from  a reference signal source 98    3. A phase detector circuit
according to                        having an internal resistance
represented by  Claim 1, wherein said insulated gate field-
the resistor 100 are applied through a coupling  effect transistor has a
gate electrode and a                   45  capacitor 102 to the gate
electrode 96. Sig-  pair of operating electrodes interchangeably
nals from  a controlled signal source 104  operating as source and drain
electrodes 110                        having an internal resistance 106 are
applied  depending on the instantaneous potentials
through a capacitor 108 between the operat-  applied thereto, first
impedance means are                        ing electrodes 92 and 94
respectively, the  connected between one of said operating 50  electrode 94
being at ground potential. A   electrodes and said gate electrode, second
pair of resistors 110 and 112 are connected  impedance means are connected
between the 115                        between the operating electrodes 92
and 94,  other of said operating electrodes and said
with the junction thereof coupled to the gate  gate electrode, means are
provided for apply-                        electrode 96. Error voltage
representative of ing signals from said first source of signals
55  the phase difference between the reference  between said operating
electrodes in balanced                        signal and the control signal
are developed  relation with respect to a point of reference 120
at the electrode 92 and applied through a low  potential, means are
provided for applying                        pass filter including the
resistors 114-116  signals from said second source of signals
and a capacitor 118 to the controlled signal  between said gate electrode
and said point                   60  source as described hereinabove in
connec-  of reference potential, and charge storage
tion with Figure 3.                          means are connected with said
operating 125                          The impedance of the controlled
signal electrodes to derive an output voltage whose
source should be small relative to the im-  magnitude and polarity is a
function of the                        pedance  looking  into  the
electrode 92  phase relation of signals from said first and
65  operating as either a source or a drain elec-  second sources of
signals.    



1,041,546                                         5    sawtooth generator
(controlled signal source  trode to minimize the transistor loading on
54) to correct its phase to the condition  the controlled signal source. By
way of                shown in Figure 4c.                         example,
the circuit of Figure 5 was found to                  As shown in Figure 4c
the synchronizing  exhibit acceptable operation when the im-             5
pulse occurs during the time that the saw-  pedance of the controlled
signal source was 70                tooth wave traverses the zero d-c axis.
Very  approximately 10 ohms. Similarly, the im-                little
source or  drain voltage is present, and  pedance of the reference signal
source 98                the amount of current drawn during the  should be
low relative to the impedance  sync pulse interval will be relatively small
and  looking into the gate electrode 96 at the            10 any increase
of current will be divided equally  desired frequency of operation. It was
75 between the clockwise direction and counter-  found that a reference
signal source 98                clockwise directions of the flow. Thus the
impedance of approximately 2700 ohms was                capacitors 60 and
62 will not charge up and no  acceptable.                error voltage will
be developed at the elec-     15  trode 50. This means that a substantially
WHAT WE CLAIM  IS:-                zero error voltage will be applied to
the    1. A phase detector circuit comprising  80                controlled
signal source 54. The automatic  an insulated gate field-effect transistor
having                frequency and phase control type of opera-  a
bidirectional current path of controllable                tion is provided
by virtue of the basic phase  conductivity, and a first source of signals
20  detecting and comparing action of the circuit  coupled to the
transistor to produce bidirec-                including  the field effect
transistor 48. It  tional current flow through said path, the  85
will be noted that the circuit described is  relative magnitude of the
current in one                extremely simple involving a relatively small
direction through said path as compared to                number of
component parts, and that no  current in the other direction through said
25  separate biasing circuits other than the signals  path being controlled
in response to signals                supplied to the transistor are
required  for  from a second source of signals coupled to  90
proper operation.                           the transistor.
Furthermore   it will be noted that, in the    2. A phase detector circuit
according to                absence of the synchronizing signal, the  Claim
.1, wherein said bidirectional current            30  currents flowing
around the loop between the  path is between a pair of electrodes and the
source and drain electrodes will be equal and  conductivity is controllable
as a function of 95     opposite so that no error voltage is developed. the
potential applied to a control electrode, 



{             As mentioned above this feature provides  and wherein there
are provided circuit means                the advantage of permitting the
controlled  interconnecting said control electrode and            35
oscillator to oscillate at its natural frequency  said pair of electrodes,
said first source of                without being pulled by an erroneous
phase  signals is coupled in balanced relation between 100
error signal.                               said pair of electrodes, said
second source of                  Figure 5 shows an unbalanced phase de-
signals is coupled to said control electrode,                tector circuit
in which an insulated gate field-  and means are coupled to at least one of
said            40  effect transistor 90 includes operating elec-  pair of
electrodes for deriving an output                trodes 92 and 94 and a
gate electrode 96.  voltage from said one electrode.        105
Signals from a reference signal source 98    3. A phase detector circuit
according to                having an internal resistance represented by
Claim 1, wherein said insulated gate field-                the resistor 100
are applied through a coupling  effect transistor has a gate electrode and
a            45  capacitor. 102 to the gate electrode 96. Sig-  pair of
operating electrodes interchangeably                nals from  a controlled
signal source 104  operating as source and drain electrodes 110
having an internal resistance 106 are applied  depending on the
instantaneous potentials                through a capacitor 108 between the
operat-  applied thereto, first impedance means are                ing
electrodes 92 and 94 respectively, the  connected between one of said
operating          50  electrode 94 being at ground potential. A
electrodes and said gate electrode, second                pair of resistors
110 and 112  are connected  impedance means are connected between the 115
between the operating electrodes 92 and 94, other of said operating
electrodes and said   with the junction thereof coupled to the gate  gate
electrode, means are provided for apply-                electrode 96. Error
voltage representative of  ing signals from said first source of signals
55 the phase difference between the reference  between said operating
electrodes in balanced                signal and the control signal are
developed  relation with respect to a point of reference 120
at the electrode 92 and applied through a low  potential, means are
provided for applying                pass filter including the resistors
114-116  signals from said second source of signals                and a
capacitor 118 to the controlled signal  between said gate electrode and
said point            60 source as described hereinabove in connec-  of
reference potential, and charge  storage                tionwith Figure 3.
means are connected with said operating 125                  The impedance
of the controlled signal  electrodes to derive an output voltage whose
source should be small relative to the im-  magnitude and polarity is a
function of the                pedance looking into  the electrode 92
phase relation of signals from said first and            65  operating as
either a source or a drain elec-  second sources of signals.     



6                                          1,041,546       4. A phase
detector circuit according to    6. A phase detector circuit according to
25     Claim  1, wherein said insulated gate field-  Claim 4 or Claim 5,
wherein said  as  for     effect transistor has a gate electrode and a
applying signals from  said first source of     pair of operating
electrodes interchangeably  signals between said operating electrodes  5
operating as source and drain  electrodes  includes a pair of capacitors
arranged for     depending on the instantaneous potentials  applying said
signals in balanced relation  30     applied thereto, a pair of resistors
are con-  with respect to the point of reference poten-     nected  in
series between said operating  tial, and wherein resistive circuit means
electrodes, means connect said gate electrode  connects each of said
operating electrodes to 10  to the junction of said pair of resistors,
means  said point of reference potential whereby a     including charge
storage means are provided  voltage is developed across  one of the  35
for applying signals from said first source of  capacitors whose magnitude
and polarity is     signals between said operating electrodes,  a function
of the phase  relation of signals     means are provided for applying
signals from   from said first and second source of signals. 15  said
second source of signals between said    7. A phase detector circuit
substantially     gate electrode and a point of reference  as herein
described with reference to Figure  40     potential, means connect one of
said  operat-  3 of the accompanying drawings.     ing electrodes to said
point of reference po-     tential, and output circuit means are con-
A. M. & WM CLARK, 20  nected to the other of said operating elec-
Chartered Patent Agents,     trodes.
5 Stone Buildings,       5. A phase detector circuit according to
Lincoln's Inn,     Claim 4, wherein said pair of resistors are
London, W.C.2.     of equal value.          Abingdon: Printed for Her
Majesty's Stationery Office, by Burgess  Son (Abingdon) Ltd.-1966.
Published at The Patent Office, 25 Southampton Buildings, London, W.C.2
from which copies may be obtained.    


