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undesirable, since such compliments are rela- poration organized under the
laws of the   tively costly and require the expenditure of State of
Delaware, United States of America, one or more of the limited number of
ter- of 30 Rockefeller Plaza, City and State of minals of the integrated
circuit. It is there- 5 New York, 10020, United States of America, fore
generally preferable to avoid the use 50 do hereby declare the invention,
for which  of RC networks in areas where accurate we pray that a patent may
by granted to  phase control is important. us, and the method by which it
is to be    According to the present invention there performed, to be
particularly described in  is provided .a controllable phase. shifting 10
and by the following statement:-         circuit comprising;55 This
invention relates to electronic phase    an input for a source of first
alternating control circuits and, more particularly, to  signals; phase
control circuits such as may be em-    an input for a source of second
alternating ployed as a tint control in the chrominance  signals of the
same frequency as said first 15 channel of a color television receiver.,
alternating signals and in substantially fixed 60 In many types of
electrical apparatus. phase displacement from said first alterna- there is
a requirement for a phase control  ting signals; circuit having a range of
operation which    first amplifier means having a signal input is
predictable and substantially symmetrical coupled to said input for first.
alternating 20 or balanced with respect to a reference  signals, and again
control input;        65 value.                                    second
amplifier means having a signal Known types of phase control circuits
input and again control input; typically employ fixed- value or variable
signal coupling means connecting said resistance-capacitance (RC phase
shift net-  signal input of said second amplifier means 25 works with or
without active circuit devices  to 'the input for said source of second 70
to establish a desired center and range of  alternating signals; phase
control.                             circuit means coupled from said input
for The range and symmetry characteristics  the source of second
alternating signals to of such phase shift networks are sensitive  said
signal input of said first amplifier means 30 to deviations from nominal
values of the  for developing third alternating signals at 75 resistive and
capacitive elements. This effect  said last-named input with a magnitude
pro- is particularly, troublesome in integrated cir-  portional to and a
phase in predetermined cuit networks, since the absolute values of
relation with that of said second alternating integrated resistors and
capacitors may devi-  signals; 35 ate by thirty percent or morefrom a
nominal   gain control means coupled to said gain 80 value. Furthermore, in
the integrated circuit control inputs of said first and second environment,
deviations from nominal values  amplifier means for differentially
controlling on a given chip tend to be all in the same  the signal gains
thereof; and direction (e.g., high or low), thereby pro-    combining means
coupled to said first 40 ducing an accumulation of phase error in  and
second amplifier means for summing 85 cascaded circuit components. The`need
for        output signals from said first and second an external trim of
adjusting potentiometer   amplifier means to produce resultant out- or
variable reactive circuit to tailor the   put signals at said same
frequency and characteristics of the phase control circuit   having a phase
within a range of phases 45 to compensate for these factors is generally
determined by the difference between in- 90    2                         1
567 196            2 phase or anti-phase versions of alternating  signal. A
suitable AFPC  detector 32 is signals applied to said signal input of said
described in U.S. Patent 3,740,456 issued first amplifier means and
in-phase or anti-  June 19; 1973 and VCO 55 may, for ex- phase versions of
alternating sigals applied  ample, be of the type described in U.S. 



5  to said signal input of said second amplifier  Patent No. 4020500.
70 means, the phase of said resultant output    ACC circuit 35 is also
supplied with a signals being contralled in response to said   reference
signal from  a second (in-phase) gain control means.
output terminal T2 of VCO 55, and provides In the accompanying drawings:.
a control voltage for controling the gain 10   FIGURE 1 is a diagram
partially in block  of first chroma amplifier 30. The control 75 form and
partially in schematic circuit form   voltage from ACC circuit 35 is also
supplied of a portion of a television receiver employ-  to a color killer
circuit 40 which is coupled ing the invention;                           to
a second chroma amplifier 44. FIGURES 2a and 2b are vector diagrams
A   chroma  gain  (saturation)  control 15 illustrating operating
conditions for the FIG-  potentiometer 45 is coupledto an operating 80 URE
1 embodiment for a first set of input  voltage supply of, for example,
+11.2 volts. signal conditions;                         and has a wiper arm
coupled to an input of FIGURE 3 is a circuit diagram  of an  second chroma
amplifier 44 via a terminal. alternative embodiment of the invention; and
3. 20  FIGURES 4a and 4b are vector diagrams    A chroma demodulator 53
(which may 85 illustrating operating conditions for the FIG-    include -
appropriate matrixing ciruits) re- URE 3 embodiment for a second set of
ceives amplified  chrominance  subcarrier input signal conditions.
signals from  the second chroma amplifier Referring to  FIGURE 1, color
television  44 and provided color difference signals R-Y, 25 signals are
received by an antenna 2l and  G-Y and B-Y at terminals 5, 6 and 7. Such 90
are processed by television signal processing.  color diference signals are
ultimately com- circuits 22 to provide, along with other con-  bined with
luminanee (Y) signals to produce ventional signal components, horizontal
red (R), green (G)-and blue (B) color repre- (line) synchronizing  pulses
which  are,   sentative  signa  components which. are 30 coupled to line
deflection circuits 25.     applied to the kinescope (not shown) of the 95
Detected video signals produced at the   television receiver. output of
processing circuits 22 are coupled     Chroma processing circuit 20 further
in- to a chroma bandpass filter 27 arranged to  cludes  a- tint control
stage constructed select a color burst component and color-  according to
the present invention and indi- 35 representative signal information, the
latter  cated generally by the reference number 100. 100 comprising, for
example, color information    Tint control stage 100 comprises first and
signals imposed as amplitude modulation at  second differential amplifiers
130 and 110 selected phases of a suppressed color sub-  and a gain control
circuit 140. carrier wave. The color burst and modul-   Amplifier 110
includes emitter coupled 40 ated, suppressed subcarrier, color signals are
transistors 112 and 114, a load resistor 115 105 coupled via an input
terminal 1 of a chroma  coupled from a collector of'transistor 114 to
processing integrated circuit 20 to a first an operating supply (+11.2
volts) via a ehroma amplifier 30.               .     terminal, 10, and a
load resistor 116 coupled Amplified signals from the first chroma  from  a
collector of transistor 112 to the 45 amplifier 30 are supplied to a gating
cir-  operating supply. A bias supply (+4.7 volts) 110 cuit 29 to which
keying signals derived  is coupled via a resistor 122 to the base of from
the line deflection apparatus 25 also   transistor 112 and via an
additional isolation are supplied. The keying signal is illustrated
resistor 119 to the base of transistor 114. as including positive-going
pulses of rela-    The second output terminal T2 of VCO 55 50 tively short
duration (e.g., the line  blanking  is coupled to the base of transistor
114 via 115 interval) separated by a relatively longer  a resistor 124 to
supply continuous wave duration interval (the image-representative  color
reference subcarrier information (e.g., portion of the line scanning
cycle). Gating      3.58 MHz). circuit 29 supplies amplified burst signals
to    Amplifier 130 includes emitter coupled 55 an automatic frequency and
phase control  transistors 132 and 134. A collector of tran- 120 (AFPC)
detector 32 and to an  automatic  sstor 132 is' coinected to the collector
of color control (ACC) circuit 35.             transistor 114 and to load
resistor 115 to The AFPC detector 32 is also supplied  form a first
combined signal output of tint with a color reference signal from  a first
control stage 100. A collector of transistor 60 (quadrature) output
terminal T1 of a voltage  134 is connected to the collector of transistor
125 controlled  oscillator  (VCO)  55. AFPC    112 and to load resistor 116
to form a second detector 32 provides control signals to a  combined signal
output. The bias supply control input of VCO 55 to maintain the  (+4.7
volts) is coupled via a resistor 136 to oscillatory reference signal in
phase and the base of transistor 132 and via an addi- 65 frequency
sychronism with the received burst  tional resistor 135 to the base of
transistor 130    



3                                    1 567 196
3 134. The output terminal T2 of VCO 55 is  this example, the voltage
dividers 124, 119, coupled via a resistor 137 to the base of  122 and 139,
135, 136, respectively pro- transistor 134, while output terminal T1 of
duce input signals p and m of substantially VCO 55 is coupled via a
transistor 138 to  equal magnitude, the outputs. P and M of 5 the base of
that same transistor 134. The  oscillator 55 being equal in magnitude.   70
interconnected collectors of transistors 114,    The signal P is also
applied via resistor 132 and 112,134 are connected to reference  137, which
forms a voltage divider with signal inputs of chroma demodulator 53 for
resistors 135 and 136, to produce an in- supplying push-pull, controllable
phase, re-  phase fraction (p') of signal P at the base 10 ference signals
thereto.                  of transistor 134. The magnitude of signal 75
Control circuit 140 includes transistors 142  p' is selected according to
the range .:of and 144 arranged in differential input con-  phase control
-to- be provided by tint control figuration, and a bias control transistor
160. stage '100. A collector of transistor 142 is connected to    The
signal p' is summed with the signal 15 the joined emitters oftransistors
112 and 114  m at the base of transistor 134 to form a 80 of amplifier 110,
while the emitter thereof  combined signal (m  + p') which is here is
returned to ground by bias resistor 143 after designated as. signal r,
having a result- A series combination-of a bias resistor 148  ant phase.
intermediate m and p. Combined and a temperature compensation diode 149
signal r is reproduced in amplified anti- 20. is coupldd between a base of
transistor 142  phase (-r) and' in-phase (r) form  at the 85 and ground. A
collector of transistors 144  collector outputs of transistors .134 and
132, is connected to the joined emitters of tran- respectively. The output
signal. developed. sisters 132 and 134 of amplifier 130, while  across load
resistor 115 at the joined collec- the emitter thereof is returned to
ground by  tors of transistors 114 and 132 therefore 25 a bias resistor
151. The base of -transistor corresponds to (-p + r), and the signal 90 144
is coupled to a bias supply of about developed across load resistor 116 at
the +1.7 volts. A pair of series connected bias  joined collectors of
transistors 112 and 134 resistors 154 and 155 is coupled between the
corresponds to (p -r). These two signals emitter of transistor 144 and the
base of  are of opposite phase. 30. transistor 142. The point of
interconnection   The: magnitude of the individual com- 95. Of resistors
154 and 155 is connected to an   ponenst p and r developed' across load re-
emitter of bias control transistor 160. Tran-  sistors 115 and 116 may be
controlled by. sistor 160, which is arranged in an emitter  varying the
conduction level or voltage gain follower configuration, includes a
collector of amplifiers 110 and 130. The gains of 35 connected to the
operating supply and a base  amplifiers 110 and 130 are differentially 100
coupled to a wiper arm  of a tint control controlled by the current supply
transistors potentiometer 52 via a terminal 4.        142 and 144 of
control circuit 140. Tran- As is described in the above-mentioned  sistors
142 and 144 in turn are controlled copending application, VCO 55 provides a
as a function of the control voltage applied 40 first oscillatory reference
signal M  (e.g., at from  tint control potentiometer 52 to the 105 3.58
MHz)  of  a   first  phase   at  base of transistor 142 and the emitter of
output terminal T1, and a second oscilla-  transistor 144 via terminal 4,
follower tran- tory signal P of the same frequency as signal  sistor 160
and bias resistors 154, 155. The M and which is in lagging quadrature phase
values of resistors 154 and 155 are selected 45 relation with signal M  at
out put terminal to provide a desired degree of control over 110 T2. For
proper demodulation of the received  the relative conduction of transistors
142 and chrominance signal, color reference sigiial  144. M may exhibit
either a leading [-(R-Y)    For example,. when the wiper arm  of. phase] or
lagging {(R-Y) phase] quadrature  pbtentiometer 52 is adjusted to the
extreme 50 relationship with respect to the received  position toward the
operating supply voltage 115 burst signal. In the latter case, the signal
(+11.2 volts), transistor 144 and therefore P is then opposite in phase
with respect to  amplifier 130 are rendered substantially non- This
condition is illustrated in FIG-  conductive, While transistor 142 and
ampli- ure 2a to which reference may be made in  fier 110 reach maximum
conduction. At this 55 connection with the following description.  control
position, only  in-phase and anti- 120 -Resistor 124, -which  forms a
voltage  phase components of signal p are respec- divider with resistors
119 and 122, couples  tively developed :across load resistors 116 an
in-phase fraction (p) of signal P to the  and 115. Conversely, the
conduction level base of transistor 114. Amplified antiphase  of transistor
144 and amplifier 130 reach 60 (-p) and in-phase (p) reference signals are
a maximum when potentiometer 52 is ad- 125 produced at the outputs of
transistors 114  justed to the other extreme toward ground. and 112,
respectively. Resistor 138, which  In that case, transistor 142 and
amplifier forms a voltage divider with resistors 136  110 are substantially
cut-off so that only in-. 



and 135, couples an in-phase fraction (m) phase and antiphase components of
signal 65 of signal M to the base of transistors 134. In  r are
respectively developed across load re- 130    4
1 567196 sistors 115 and  116 When potentiometer 52  manner in which the
collector outputs of is adjuited so that transistors 144  and  amplifiers
210 and 230 are connecte  and associated  amplifiers 110, 130 conduct  in
which input signals are applied. equally, signals p and r of equal
magnitude    Accordingly, a transistor 212 of amplifier 5 are developed
across output load resistors  210 and a transistor 232 of amplifier 230 70
115 and 116. For this conditioii a combined  have respective collectors
interconnected, output signal (-p +r) is developed across and a transistor
214 of amplifier 210. and a resistor 115, and a combined opposite phase.
transistor: 234  of  amplifier  230' have. output signal (p -  r) is
developed' across  respective collectors interconnected. A first 10
resistor 116.                            signal-combining output load
resistor 215 75 In FIGURE 2a, a signal +1 is illustrated  couples the
interconnected  collectors of tran- which corresponds to the flesh-tone
phase  sistors 212 and 232 to the operating supply of received
imagerepresentative chromin-  at terminal 10, and a second signal-combin-
ance signals. Under. normal operating condi-  ing output load resistor 216
couples the. 15 tions, the +I signal forms a lagging phase  interconnected
collectors of transistors 214 80 angle e1  of about fifty-seven degrees
with  and 234 to the operating supply. The inter- the burst signal.  The
tint  control  connected colletors of transistors 212, 232 stage  100
provides  compensation  for  and 214, 234  are respectively connected to
positive or  negative  phase  variations  inputs of chroma  demodulator 53.
20 by providing for symmetrical variation of    A resistor 224 and a
resistor 237 respec- 85 the phase of a color reference signal output
tively couple sigals from output terminal about the +I signal axis over a
predeter-  T2 of VCO 55 to a base of transistor 214. mined operating range
between the phases  of amplifier 210 and to a base of transistor of the
signals p and r. The signal p' is    232 of amplifier 230. A resistor 238
couples 25 seleded (by means of resistors 137, 135, signals from  output
terminal T1 of VCO 90 136) to make this control range symmetrical   55 to a
base of transistor 234 of amplifier about the "I" phase.      That is, the
+I signal  230. is derived by combining the-p and r sig-    Recall that VCO
55 may be arranged to nals in load register 115 to produce a com-  provide
an output oscillatory reference sig- 30 bined signal -p+r(+I) at the joined
col-  nal M  which exhibits either a leading or 95 lectors of transistors
114 and 132. When lagging quadrature phase relationship with potentiometer
52 is adjusted so.that ampli-  respect to the burst signals. In the case of
fiers 110 and 130 conduct equally, equal  FIG.  3, VCO 55 provides a first
signal M amounts of the -p and r signals are com-  in lagging  quadrance
relationship with re- 35 bined in output load resistor 115. The +I  spect
to burst and a second reference signal 100 signal therefore forms a lagging
phase angle  9 in leading quadrature phase relationship 01 of about
fifty-seven degrees with the  with signal M. The operation of tint control
burst signal for the normal signal condition,  stage 200  is similar to
that of tint control and also forms a leading phase angle O2   stage 100
except as follows. 40 equal to O1 with signal r. The magnitude    Reistor
237 of tint control  stage 200 105 of phase angle O2 is established by
combin- couples the P signal to that end of resistor ing the pretermined
portion of signal p,  235 which is remote from the base input of
corresponding to signal p', with signal m   transistor 234 of amplifier
230. A fraction. to produce signal r in the manner previously  (P')`of
signal P appears  at the base of tran- 45 discussed.               sistor
232. A signal m is developed at the 110 FIGURE 2b illustrates the phase
response  base of transistor 234 as previously ex- of tint control circuit
100 when color refer-  plained in connection with FIGURE 1.  Sig- ence
signal M  is in leading quadrature      nal  currents corresponding to
signals P' and phase relation with the burst signal and   P  m flow in
opposite directions through re- 50 is in phase with the burst signal. In
FIG.  sistor 235 (the base currents of transistors 115 2b the +I signal is
derived by combining  232 and 234 being negligible), causing a the p and -r
signals in load resistor 116  differential signal voltage related to
signals to produce a combined signal p-r at the  p and m to appear across
resistor 235. joined collectors of transistors 112 and 134.  Considering
the output from  transistor 234, 55 The combined sigial corresponds to the
the signal voltage appearing across resistor 120 desired +1 signal with a
phase and sym-     235 may be  considered equal to (m- p'), metrical range
of phase control as described    hereinafter referred to as signal r, which
in connection with the +I signal of FIG.2a. produces an output -r at the
collector of 



FIGURE 3 depicts a tint control stage 200  transistor 234. Furthermore,
differential am- 60  comprising first and second similar differen-  plifier
230 amplifies the signal appearing 125 tial amplifiers 230 and 210 with
relatively  across resistor 235 to produce an output in-phase outputs
connected together, and a  +r at the collector of transistor 232. control
circuit 240. In this example,  while   The amplifier 210 provides outputs
+ p tint control stage 200 is similar to tint stage  and - p at the
collectors of transistors 212 65 100 in some respects, it differs as to the
and 214, respectively. Thus, the output signal   130    5
1 567 196                                         5 developed across lead
resistor 215 at the  circuit use. Such an alteration involves only. joined
collectors of transistors 212 and 232  a different resistor ratio (a
relatively accu- corresponds to p+r, and the signal developed  rately
controlled parameter) and does not across load resistor 216 at the joined
collec-  require the use of capacitors or other reactive 5 tors of
transistors 214 and 234 corresponds  devices.                            70
to -p-r. The relative magnitudes of signals    Although the invention has
been disclosed p and r and the phases of these combined  in terms of
particular circuit embodiments, signals are controlled in response to the
set-  it should be recognized that other arrange- ting of potentiometer 52
as discussed in con-  ments may be devised by those skilled in the 10
nection with FIG. 1.                     art without departing from the
scope of the 75 FIGURE 4a illustrates the phase charac-  invention.
teristic of tint control stage 200 when signal    For example, the signal M
may also be P from VCO 55 is in leading quadrature  coupled by means such
as an additional phase relation with signal M, which in turn  resistor (not
shown) to the base input of 15 is in lagging quadrature phase relation with
transistor 114 in FIG. 1 or. in the case of 80 the burst signal. In FIG. 4a
the +I signal FIG. 3, to the base input of transistor 212 to corresponds to
the combined output signal increase the operating flexibility of the re-
p+r at the joined collectors of transistors  spective circuits by
developing an additional 212 and 232. FIG. 4b illustrates the phase
alternating input signal (i.e., m' or -m') 20 characteristics of tint
control stage 200 when  of a desider magnitude and phase at such 85 signal
M is in leading quadrature phase re-  inputs: The additional input signal,
in con- lation with the burst signal. In FIG. 4b the  junction with input
signal p at such inputs. + I signal corresponds to the combined out-
provides a further expanded phase control put signal -p-r at the joined
collectors of  range in a manner analogous to that by 25 transistors 214
and 234.                  which signals p' and -p' serve to provide 90
Phase angles e1 and e2 and the + I signal an expanded phase control range
as discus- shown in FIGS. 4a and 4b relate to the  sed. From the previous
discussion and asso- corresponding phase angles and +I signal of  ciated
figures. it should be recognized that FIGS. 2a and 2b. Tint control stage
200 pro-  the signals p' and -p' may be utilized to 30 vides the desired +
I signal with a phase and  provide a compressed phase control range 95
symmetrical range of phase control as dis-  (less than that between P and
M) and that cussed in connection with tint control stage  the signals m'
and -in' additionally may 100.                                      be
employed to provide a further degree of It will be observed that signals p
and in  phase control range compression. Thus, it 35 of FIG. 2a are in
antiphase relation (i.e., will be appreciated that various combinations 100
rotated 180[err]) with respect to signals p and  of reference input signals
of selected phases  - m of FIG. 2b. or either of the signal condi-  and
magnitudes may be used to tailor the tions shown by FIGS. 2a or 2b, the
desired  circuit phase response to suit a particular +I output signal and
symmetrical phase re-  circuit application. 40 sponse is provided at the
push-pull outputs    Active signal combining circuits may be 105 of tint
control stage 100. Although tint con-  used in place of disclosed signal
combining trol stage 100 has been disclosed as provi-  load resistors 115,
116 and 215, 216. and ding push-pull output signals developed  single-ended
amplifier outputs may be pro- across resistors 115 and 116, it is noted
that  vided. Moreover, control circuits 140 and 45 FIGS. 2a and 2b and the
associated de-  240 may comprise emitter coupled differen- 110 scription
are intended also to illustrate how  tial amplifier stages, and the roles
of the a desired signal phase (e.g., +I) may be  amplifier stages 110, 130
and 210, 230 and developed and symmetrically controlled for  the associated
control circuits 140 and 240 either of the two input signal conditions  may
be reversed. 50 (indicated by FIGS. 2a and 2b), from an    WHAT WE CLAIM
IS:-                      115 amplifier which may provide only a single-
1. A  controllable phase shifting circuit ended signal output (i.e., an
amplifier which  comprising: may employ only a single load resistor cor-
an input for a source of first alternating 



responding to either resistor 115 or 116  signals; 55 of amplifiers 110,
130). The preceding corn-    an input for a source of second alternat- 120
ments likewise apply for tint control stage  ing signals of the same
frequency as said 200 of FIG. 3 and the associated FIG. 4a  first
alternating signals and in substantially and 4b diagrams which illustrate a
second  fixed phase displacement from  said first set of input signal
conditions.           alternating signals; 60   It is also noted that the
magnitude of   first amplifier means having a signal input 125 phase angle
e formed by signals m and r,  coupled to said input for first alternating
and hence the magnitude of e2, may be  signals, and a gain control input;
altered by adjusting the magnitude of signal    second amplifier means
having a signal p' to achieve a desired range of phase con-  input and a
gain control input; 65 trol to suit the requirements of a particular
signal coupling means connecting said 130    5
1 567 196                                                       5 developed
across lead resistor 215 at the  circuit use. Such an alteration involves
only. joined collectors of transistors 212 and 232  a different resistor
ratio (a relatively accu- corresponds to p +r, and the signal developed
rately controlled parameter) and does not across load resistor 216 at the
joined collec-  require the use of capacitors or other reactive 5 tors of
transistors 214 and 234 corresponds devices.                      -
70 to -p-r. The relative magnitudes of signals    Although the invention
has been disclosed p and r and the phases of these combined  in terms of
particular circuit embodiments, signals arecontrolled in response to the
set-  it should be recognized that other arrange- ting of potentiometer 52
as discussed in con-, ments may be devised by those skilled in the 10
nection with FIG. 1.   .                  art without departing from the
scope of the 75. FIGURE 4a illustrates the phase charac- invention.
teristic of tint control stage 200 when signal    For example, the signal M
may also be P from VCO 55 i, in leading quadrature. coupled by means such
as an additional phase relation with signal M, which in turn  resistor (not
shown) to the . base input of 15 is in lagging quadrature phase relation
with  transistor 114 in FIG. 1. or, in the case of 80 the burst signal. In
FIG. 4a the +I signal FIG. 3, to the base input of 'transistor 212 to
corresponds to the combined output. signal  increase the operating
flexibility of the re- p+r at the joined collectors of transistors
spective circuits by developing an additional' 212 and 232. FIG. 4b
illustrates the phase  alternating input signal (i.e., m' or 20
characteristics of tint control stage 200 when  of a desider magnitude and
phase at such 85 signal.M is in leading quadrature phase re-  inputs: The
additional input signal, in con- lation with the burst signal. In FIG. 4b
the  junction with input signal p at such inputs, + I signal corresponds to
the combined out-  provides a further expanded phase control put signal
-p-r at the joined collectors of range in a manner analogous to that by 25
transistors 214 and 234.                  which signals p' and -p' serve to
provide 90 Phase angles 01 and 02 and the + I signal  an expanded phase
control range as discus- shown in FIGS. 4a and 4b relate to the  sed. From
the previous discussion and asso- corresponding phase angles and +I signal
of  ciated figures, it should be recognized that FIGS. 2a and 2b. Tint
control stage 200 pro-  the signals p' and -p' may be utilized to 30 vides
the desired +1 signal with a phase and  provide a compressed phase control
range 95 symmetrical range of phase control as dis-  (less than that
between P and M) and that' cussed in connection with tint control stage
the signals m' and -in' additionally may 100.                  .
be employed to provide a further degree of' It will be observed that
signals p and m   phase control range compression. Thus, it 35 of FIG. 2a
are in antiphase relation (i.e., will be appreciated that various
combinations 100 rotated 180[err]) with respect to signals p and  of
reference input signals. of selected phases m of FIG. 2b. or either of the
signal condi-  and magnitudes may be used to tailor the tions shown by
FIGS. 2a or 2b, the desired  circuit phase response to 'suit .a' particular
+Ioutput signal and symmetrical phase re-  circuit application.' 40 sponse
is provided at the push-pull outputs    Active signal combining circuits
may be 105 of tint control stage 100. Although tint con- used in place of
disclosed signal combining trol stage 100 has been disclosed as provi-
load resistors 115, 116 and 215, 216. and ding push-pull output signals
developed  single-ended amplifier outputs may be pro- across resistors 115
and 116, it is noted that' vided. Moreover, control circuits 140 and 45
FIGS. 2a and 2b and the associated de-  240 may comprise emitter coupled
differen- 110 scription are intended also to illustrate how  tial amplifier
stages, and the roles of the a desired signal phase (e.g., +I) may be
amplifier stages 110, 130 and 210, 230 and developed and symmetrically
controlled for  the associated control circuits 140 and 240 



either of the two input' signal conditions  may be reversed. :50 (indicated
by FIGS. 2a and 2b), from  an    WHAT WE CLAM  IS:-                     115
amplifier which may provide only a single-    1. A controllable phase
shifting circuit ended -signal output (i.e., an amplifier which
comprising: may employ only'a single load resistor cor-    an input for a
source of first alternating responding to either resistor 115 or  116
signals; 55 of amplifiers 110, 130). The preceding com-     an input for a
source of second alternat- 120 ments likewise apply for tint control stage
ing signals of the same frequency as said 200 of FIG. 3 and the associated
FIG. 4a  first. alternating signals and in substantially and 4b diagrams
which illustrate a. second  fixed phase displacement from  said first set
of input signal conditions.           alternating signals; 60   It is also
noted that the magnitude of   first amplifier means having a signal input
125 phase angle e formed by signals m and r, coupled to said input for
first alternating and hence the magnitude of 02, may be   signals, and a
gain control input; altered by adjusting the magnitude of signal    second
amplifier means having a signal p' to achieve a desired range of phase con-
input and a gain control input. 65 trol to suit the requirements of a
particular   signal coupling means connecting said. 130    6
1 567 196                                           6 signal input of said
second amplifier means  in  leading phase relaltion with  said first to
the input for said source of second   alternating  signals, said   circuit
means is alternating signals;                        coupled from  said
source of second alternat- circuit means coupled  from said  input for
ing signals to said signal input of said first 5  the source of second
alternating signals to     amplifier  means for developing said third    70
said signal input of said  first amplier      alternating signal in
antiphase relation with means  for developing third  alternating     said
second signals, and said combining signals  at  said  last-named input with
a  means  sums relatively in-phase output of magnitude  proportional to and
a  phase in  said first and second amplifier  means. 10 predetermined
relation with that of said       8. A circuit according to Claim 1, 5 or 7
7 5 second  alternating signals,                 wherein said combining
means comprises a gain control means coupled to said gain  resistive
impedance. control inputs of  said  first and  second   according to Claim
1, 3 or 4 wherein: amplifier means for differentially controlling  said
predetermined  phase relation of said 15 the signal gains  thereof; and
9. A  controllable phase shifting  circuit    80 combining means coupled to
said first and   second alternating signals is a lagging phase second
amplifier means for summing out-  relationship  with said first alternating
put signals from said first and      second   signals; amplifier means to
produce  resultant output    said first  amplifier means comprises 20
signals at said same frequency and having      a first differential
amplifier including first 85 a phase within a range of phases determined
and second emitter  coupled transistors each by the difference between in
phase or anti-  having a signal input, a gain control input, phase versions
of alternating signals applied   and a collector  signal output; to said
signal  input  of said first amplifier    said second amplifier means
comprises 25 means and in-phase or anti-phase  versions    a second
differential amplifier including 90 of alternating signals applied to said
signal    third and fourth emitter coupled transistors input of said second
amplifier means, the  each having a signal input,a gain control phase of
said resultant output signals being    input, and a collector signal output
said controlled in response to said gain control  collector signal outputs
of said third and 30 means.                                     fourth
transistors being  respectively con-    95 2. A circuit  according to Claim
1 wherein  nected to collector outputs of said second the magnitudes of
said first  and second   and first transistors; alternating  signals are
in  predetermined         said signal coupling means comprises proportional
relationship and said resultant    a first input signal network coupled
from 35  output signals have a phase within a range  said source of second
signals to a signal  100 of phases  between that of the anti-phase   input
of said  second amplifier; version of said second alternating signal and
said circuit means comprises that of a sum  of said first and  third   a
second input signal network coupled alternating signals.
from  said  source  of second signals to a 40   3 A circuit according to
Claim 1 or 2     signal input  of said first amplifier for de- 105 wherein
the magnitudes of said first and   veloping  thereat third  alternating
signals second alternating signals are substantially   with a mangnitude
proportional to and a equal.   phase in  in-phase relation  with that of 



4. A circuit according to Claim  1, 2 or  said second alternating
signas,and coupled 45 3 wherein said first and second alternating  from
said source of first signals to said last-   110 signals are in quadrature
phase relation-  named input; ship.
said gain control means comprise: 5. A circuit according to Claim 1 wherein
a third differential amplifier  comprising said first and  second
alternating  signals  fifth and sixth transistors with collector out- 50
are in quadrature phase relationship and are  puts  respectively   coupled
to said gain   115 substantially equal in magnitude.             control
inputs of said first and 6. A circuit according to Claim  1, 2 or 5
second amplifiers for  differntially con- wherein said second alternating
signals are  trolling the signal gains of said first and in lagging phase
relation  with said first  second amplifiers; and 55  alternating  signals
said circuit means is   said combining means comprises  120 coupled from
said   source of second      a signal combining impedance network
alternating  signals to said signal input of said     coupled at least to
one pair of collector first amplifie r means for developing  said
signal outputs  of said  first  and   second third - alternating signals in
in-phase relation   amplifiers to  produce a resultant output 60 with said
second alternating signals, and said  signal  with a phase determined by
the 125 combining means sums relatively antiphased    difference  between
in-phase or anti-phhase output signals   of said first and  second
versions of alternating signals applied to amplifier means.
said signal input of  said first amplifier and 7. A  circuit according to
Claim 1 or 5    the in-phase or anti-phase versions of alter- 65 wherein
said second  alternating  signals are  nating signals applied to said
signal input of     130    7                                         1 567
196                                               7 said second  amplifier,
the phase of said  second alternating signals is a leading phase resultant
output signals being controlled in  relationship  .with . said  first
alternating response to said third amplifier.           signals; 10. A
circuit according  to  Claim  9    said first amplifier means comprises .5
wherein:                                      a first differential
amplifier including first 70 said collector outputs of said fifth and   and
second. emitter coupled transistors each sixth transistors are respectively
coupled to   having a signal input, a gain control input, joined emitters
of said first. and  second   and a collector signal output; transistors of
said first amplifier and  to     said second amplifier means comprises 10
joined emitters of said third and fourth        a second differential
amplifier including 75 transistors of said second amplifier; and    third
and fourth emitter coupled transistors said first and second input signal
networks  each having: a signal input, a gain control are. respectively
coupled to base electrodes  input, and a collector signal output,- said of
said transistors of said second and first  collector signal outputs of said
third and 15 amplifiers.    .     .               -      fourth
transistors. being respectively con- 80 11. A circuit according to Claim 9
or 10  nected to relatively in-phase collector. out- wherein said impedance
network comprises  puts of said first and second transistors; a first
resistance. coupled to interconnected  said signal coupling means comprises
collectors of. said first and fourth transistors,   a. first input signal
network coupled from 20 and. a second resistance coupled to inter-  said
source of second alternating signals to a 85 connected  collectors of said
second and   signal input of said second amplifier; third transistors.
said circuit means comprises 12. A  circuit -according to Claim' 9, 10    a
second input signal network coupled or 11 Wherein said  first input network
from  said source  of second  alternating 25 comprises:
signals  to  a  signal input of said  first 90 a third resistance coupling
said second  amplifier  for  developing  thereat  third alternating signals
to a base of said fourth  alternating signals with a magnitude pro-
transistor;                                  portional to  and  a phases in
antiphase a fourth resistance coupling a base of  relation with that of
said second alternating 30 said third transistor to a bias potential; and
signals, and coupled from  said source of 95 a fifth resistance coupled
between the  first alternating signals to said last-named base electrodes
of said third  and fourth  input; transistors.
said gain control means comprises 13. A  circuit according to Claim  9, 10
a third differential amplifier comprising 35 or 12 wherein said second
input network  fifth  and sixth transistors with  collector 100 comprises:
outputs respectively coupled to said gain a sixth  resistance  coupling
said  first  control inputs of said first and  second alternating signals
to a base of said second  amplifiers for differentially controlling the 



transistor;                                  signal gains  of  said  first
and  second 40   a seventh resistance coupling said second  amplifiers; and
105 alternating signals to  said base of said    said combining means
comprises second transistor;                              a signal
combining  impedance network an eighth resistance coupling a base of
coupled at least to one pair of relatively in- said first transistor to a
bias potential; and    phase collector signal outputs of said first 45   a
ninth resistance coupled between the  and second amplifiers for summing
output 110 base electrodes of said first and  second  signals from said
first and second amplifiers transistors.                                 to
produce resultant output signal with a 14. A  controllable phase shifting
circuit  phase within a range of phases between that according to Claim 9,
10 or 12 wherein:      of alternating signals respectively applied to 50
said sixth transistor of said third differ-  signal inputs  of said  first
and  second 115 ential amplifier additionally has an emitter  amplifiers,
the phase of said resultant output coupled to a reference potential and a
base  signal being controlled in response to said coupled to a circuit
point;                  third amplifier. said fifth transistor has a base
coupled to   16. A  circuit according  to  Claim  15 55 a bias potential
and an emitter coupled to  wherein:
120 said reference potential and to said circuit    said collector outputs
of said fifth and point; and                                   sixth
transistors are respectively coupled to a source of control potential is
coupled to  joined emitters of said first and second said circuit point for
differentially varying  transistors of said second amplifier and to 60 the
conduction of said fifth and sixth tran-  'joined emitters of said third
and fourth .125 sistors in response to the magnitude of said  transistors
of said first amplifier; and control potential.
said first and second input signal net- 15. A  controllable phase shifting.
circuit  works are . respectively  coupled  to  base according to Claim 1,
3 or 4 wherein:       electrodes of said transistors of said second 65'
said fixed  phase -displacement of said  and first amplifiers.
130    1 567 196                                          8 17. A circuit
according to Claim 15 or  comprises: 16 wherein said impedance network com-
a sixth  resistance coupling  said first prises a first resistance coupled
to inter-  alternating signals to a  base of said second connected
collectors of said first and third  transistor; 5   transistors, and a
second resistance coupled   a seventh resistance coupling said second 25 to
inter connected collectors of said second   alternating signals to a base
of said first and fourth transistors.                        transistor;
18. A circuit according to Claim  15, 16      an eighth resistance coupling
the base of or 17  wherein said  first input network  said first transistor
to a bias potential; and 10 comprises.               a ninth  resistance
coupled between the 30 a third  resistance  coupling said second   base
electrodes of said  first and second alternating signals to a base of said
fourth  transistors. transistor;                                     20. A
controllable phase shifting circuit a fourth resistor coupling a base of
said  substantially as hereinbefore described with 15 third  transistor to
a bias potential; and  reference to Figure 1 or Figure 3.               35
a fifth resistance coupled between the base             JOHN  A. DOUGLAS,
electrodes of said third and fourth tran-               Chartered Patent
Agent, sistors.                                                    50
Curzon Street, 19. A  circuit according to Claim  15, 16
London W1Y 8EU. 20 or 18 wherein said second input network           AGENT
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