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[57] ABSTRACT 
An electronic phase shifter for shifting the phase of a 
sine wave at an input terminal, as measured at an output 
terminal, without affecting the magnitude thereof and 
having the ability to operate over a wide range of input 
voltages is disclosed. The electronic phase shifter com 
prises, inter alia, an operational ampli?er and a unique 
variable output resistance device. A control signal, in 
the form of a current, for controlling the phase shift of 
the sine wave is applied to the input of the variable 
output resistance device. Buffering of the electronic 
phase shifter from preceding stages is controlled by 
matched resistors operatively connected between its 
output and input terminals and the inverting input ter 
minal of the operational ampli?er. The operating fre 
quency range of the electronic phase shifter, and, ac 
cordingly, the phase shift range, is controlled by a ca 
pacitor connected from its input terminal to the non 
inverting input terminal of the operational ampli?er. 

3 Claims, 3 Drawing Figures 

A statutory invention registration islnot a patent. It has 
the defensive attributes of a patent but does ‘not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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ELECTRONIC PHASE SHIFI‘ER HAVING A 
CONSTANT MAGNITUDE OUTPUT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to electronic phase 

shifters, but more speci?cally it relates to an electronic 
phase shifter wherein a sine wave can be phase shifted 
without affecting the magnitude thereof over a wide 
input magnitude range as measured at the output of the 
electronic phase shifter. 

2. Description of the Prior Art 
The phase shifting of sine wave type signals is accom 

plished in many different ways depending on system 
requirements. For example, there are networks having 
mechanical adjusters which shift the phase of one volt 
age with respect to another voltage of the same fre 
quency; there are devices which produce, from a single 
input waveform, two or more output waveforms that 
differ in phase from one another; and, there are devices 
in which the output voltage (or current) may be ad 
justed to have some desired phase relationship with the 
input voltage (or current). Respectively, each of the 
foregoing has had operational de?ciencies such as use 
limited to low frequency applications because of the 
inability of the arrangement to respond to the more 
rapid phase shifting rates required with the higher fre 
quencies; the phase difference between the two or more 
output waveforms varying substantially with frequency 
so that practical use with a reasonable frequency range 
is limited; and, the amplitude of phase shifted output 
voltage (or current) varying substantially with fre 
quency, and/or the phase shift is ?xed at, say, —90°. 
The foregoing operational de?ciencies have to a 

large degree been eliminated, but usually with the 
added disadvantages of increased costs, limited signal 
voltage range, increased circuit complexity, unpredict 
ability of unit-to-unit performance and decreased reli 
ability. Consequently, there is a need in the prior art to 
con?gure an electronic phase shifter capable of substan 
tially 180° phase shift over a wide frequency range but 
yet having an output magnitude unaffected by the phase 
shifting operation while eliminating the foregoing dis 
advantages. 
The prior art, as indicated hereinabove, include ad 

vances in phase shifters, including eliminating changes 
in the amplitude of the output waveform with changes 
in phase shifting. However, insofar as can be deter 
mined, no prior art phase shifter incorporates all of the 
features and advantages of the present invention. 

OBJECTS OF THE INVENTION 

Accordingly, a principal object of the present inven 
tion is to con?gure a phase shifter to phase shift a sine 
wave electronically without substantially affecting the 
magnitude thereof, while maintaining its ability to oper 
ate over a wide range of input voltage levels in an im 
proved manner. 
Another object of the present invention is to accom 

plish the foregoing object while decreasing costs, de 
creasing circuit complexity, increasing predictability of 
unit-to-unit performance and increasing reliability. 

SUMMARY OF THE INVENTION 

In accordance with the above stated objects, other 
objects, features and advantages, the present invention 
has as a primary purpose the phase shifting of sine 
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2 
waves having a wide range of amplitudes without sub 
stantially affecting their amplitudes or magnitudes . 
The essence of the present invention is in the use of a 

control current as a phase control signal to drive a 
variable output resistance device which comprises a 
light-emitting diode-photoconductor pair. The combi 
nation of the light-emitting diode-photoconductor pair 
has an output resistance that varies as a function of the 
current to its input. The use of the light-emitting diode 
photoconductor pair allows the electronic phase shifter 
to operate over an input voltage range up to the satura 
tion voltage of an operational ampli?er portion thereof. 
This operating voltage range cannot easily be achieved 
with other variable resistance devices such as ?eld ef 
fect transistors. 
The purpose of the present invention is carried out by 

connecting the variable output resistance device to the 
non-inverting input of the operational ampli?er across a 
resistor to ground. Another resistor is connected from 
the output of the operational ampli?er, which is also the 
output of the electronic phase shifter, to the inverting 
input thereof providing negative feedback thereto. Yet 
another resistor is connected in series with the inverting 
input of the operational ampli?er and a capacitor is 
connected in series to the non-inverting input thereof. 
The other ends of the latter resistor and the capacitor 
are connected together to form the sine wave input 
terminal of the electronic phase shifter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The previously stated objects, other objects, features 
and advantages of the present invention will be appar 
ent from the following more particular description of a 
preferred embodiment as illustrated in the accompany 
ing drawings, in which: 
FIG. 1 is an electronic phase shifter con?gured ac 

cording to the present invention; 
FIG. 2 is a graph showing the phase shift as measured 

at the output terminal verses the control current as 
measured at the control input terminal of the electronic 
phase shifter of FIG. 1; and 
FIG. 3 is a graph showing the transfer function, i.e., 

output resistance versus input control current, of a vari 
able output resistance device suitable for use with the 
electronic phase shifter of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows an embodiment of an electronic phase 
shifter 10 in which the present invention is employed to 
phase shift sine waves having a wide range of ampli 
tudes without substantially affecting their amplitudes or 
magnitudes. The electronic phase shifter 10 includes a 
sine wave input terminal 12, a control input terminal 14 
and a phase shifted sine wave output terminal 16. Inter 
nally, the electronic phase shifter 10 comprises an oper 
ational ampli?er U1, a variable output resistance device 
Q1, resistors R1, R2 and R3 and a capacitor C1. The 
variable output resistance device Q1, represented by the 
equivalent circuit shown, includes a light-emitting 
diode LEDl and a light sensitive resistor R4 which are 
electrically isolated from each other. Light sensitive 
resistor R4 can comprise a material like cadmium sele 
nide or cadminum sulphide. 

Briefly, the variable output resistance device Q1 is 
connected via its output terminal 18 to the non-invert 
ing input terminal 20 of the operational ampli?er U1 
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across the resistor R1 to ground. The second resistor R2 
is connected from the output of the operational ampli 
?er U1, which is also connected to the sine wave output 
terminal 16, to the inverting input terminal 22 thereof. 
The resistor R3 is connected in series to the inverting 
input terminal 22 of the operational ampli?er U1, and 
the capacitor C1 is connected in series to the non-invert 
ing input terminal 20 of the operational ampli?er U1. 
The other ends of the resistor R3 and the capacitor C1 
are connected together at the sine wave input terminal 
12 of the electronic phase shifter 10. 

STATEMENT OF THE OPERATION 

Details of the operation, according to the present 
invention, are explained in conjunction with FIGS. 1, 2 
and 3 viewed concurrently . 
As previously stated, the electronic phase shifter 10 

of FIG. 1 is capable of nearly 180° phase shift. The 
phase shift 0 is de?ned by: (i=2 tan-1(l/mCR), where 
w is the radian frequency and is equal to 21rf, where f is 
the electrical frequency, C is the value of the capacitor 
C1 and R is the value of the resistor R4 connected in 
parallel with the resistor R1. The phase shift is not 
affected by the value of the resistors R2 and R3 as the 
above equation indicates; however, they must be 
matched and large enough to provide proper buffering 
of the preceding stages (not shown). 
The value of C for capacitor C1 is chosen so as to 

obtain the desired phase shift range at the frequency of 
interest considering the characteristics of variable out 
put resistance device Q1. Since unlike a variable resis 
tance device such as a ?eld effect transistor, the change 
in the resistor R4 of variable resistance device Q1 is 
completely independent of the amplitude of the signal at 
sine wave input terminal 12. Also, as shown, the resistor 
R4 is electrically isolated from the control current at 
the control input terminal 14. This con?guration will 
operate with input signal voltages up to the saturation 
voltage of the operational ampli?er U1. In addition, the 
capacitor C1, and the resistor R4 of the variable resis 
tance device Q1 may be interchanged, so that the resis 
tor R4 is connected from the sine wave signal input 
terminal 12 of the electronic phase shifter 10 to the 
non-inverting input terminal 20 of the operational am 
pli?er U1 and the capacitor C1 is connected from the 
non-inverting input terminal 20 of the operational am 
pli?er U1 to ground. This congifuration, which cannot 
be easily achieved with a variable resistance device 
such as a ?eld effect transistor, reverses the sense of the 
phase shift, such that the phase shift 0 is now de?ned by: 
6: —2 tan-1(mCR). The purpose of the resistor R1 in 
both con?gurations is to provide a bias current path for 
the operational ampli?er U1 when the value of the 
resistor R4 becomes extremely large. The value of the 
resistor R1 is chosen large so that the phase shift range 
of the electronic phase shifter 10 is not signi?cantly 
affected thereby. 
As shown, FIG. 2 is a plot of phase shift as measured 

at the sine wave output terminal 16 versus control cur 
rent at the control input terminal 14. This control cur 
rent feeds the variable resistance device Q1 whose in 
put/output characteristics are shown in FIG. 3. For 
purposes of the present invention, a Vactrol, which is a 
light-emitting diode-photoconductor pair manufactured 
by Vactec, Inc., and, which can be represented by the 
equivalent circuit of the variable output resistance de 
vice Q1 of FIG. 1, is preferred due to its simplicity, 
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reliability, and long operating life. However, any circuit 
or device with a similar transfer characteristic and elec 
trical isolation between its input and output can be used. 
To those skilled in the art, many modi?cations and 

variations of the present invention are possible in light 
of the above teachings. It is therefore to be understood 
that the present invention can be practiced otherwise 
than as speci?cally described herein and still be within 
the spirit and scope of the appended claims. 
What is claimed is: 
1. An improved electronic phase shifter of the type 

having an input terminal and an output terminal, ?rst 
and second resistors of equal value connected in series 
between the input and output terminals, and an opera 
tional ampli?er having a predetermined saturation volt 
age and having its output connected to the output termi 
nal and its inverting input terminal connected to the 
junction of said ?rst and second resistors of equal value, 
wherein the improvement comprises: 

a capacitor having a predetermined value connected 
between the input terminal and the non-inverting 
input terminal of said operational ampli?er; and 

a LED-photoresistor device for developing a vari 
able generally linear output resistance over a pre 
determined range at its output terminal in response 
to a control current from a variable controlled 
current source over a corresponding predeter 
mined current range at its input terminals, the input 
and output terminals of said LED-photoresistor 
device being electrically isolated from each other, 
said LED-photoresistor device having its output 
terminal connected between the junction of said 
capacitor and the non-inverting input terminal of 
said operational ampli?er and to ground, a sine 
wave having a predetermined magnitude at the 
input terminal of said electronic phase shifter being 
phase shifted an amount 0, as measured at the out 
put terminal thereof, over a wide amplitude range 
of input voltages up to the saturation voltage of the 
operational ampli?er without substantially affect 
ing the predetermined magnitude of the sine wave 
after phase shifting, 0 being de?ned as 0=2 
tan-1(l/wCR), where w is the radian frequency of 
the sine wave and is equal to 27f, where f is the 
electrical frequency of the sine wave, C is the pre 
determined value of said capacitor and R is a value 
of resistance equal to the variable output resistance 
of said LED-photoresistor device. 

2. The improved electronic phase shifter of claim 1 
wherein said variable output resistance device com 
prises: 

a light-emitting diode having its anode connected to 
the control current input terminal of said electronic 
phase shifter and its cathode to ground; and 

a light sensitive resistor having one end thereof con 
nected to the junction of said capacitor and the 
non-inverting input terminal of said operational 
ampli?er and the other end thereof connected to 
ground so as to be electrically isolated from said 
light-emitting diode, and so as to be connected in 
parallel with said third resistor. 

3. The improved electronic phase shifter of claim 2 
wherein said light sensitive resistor comprises a material 
selected from a group consisting of cadmium selenide 
and cadminum sulphide. 
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