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SAW OSCILLATOR GAIN AMPLIFIER WITH AUTO PHASE SHIFT 

Field of the Invention 

This invention relates to amplifiers and, in particular, 

amplifiers having an auto phase shift to be used in conjunction 

with surface acoustic wave (SAW) devices. 

Background of the Invention 

When utilizing a SAW filter; the output of the SAW filter is 

typically coupled through at least one gain amplifier whose output 

is coupled back to the input of the SAW filter. The purpose of the 

1 5 gain amplifier is to ensure an overall loop gain greater than one, 

and to ensure that the output of the SAW filter provides an 

oscillatory signal. In general, if the output of the SAW filter does 

not provide an oscillatory signal, the differential inputs (or 

outputs) of the gain amplifier can simply be reversed thereby 

2 O yielding an effective 180° phase shift and ensuring that an 

oscillatory signal appears at the output of the SAW filter as is 

known. 
In the past, prior art has simply resorted to manually 

inverting the connection from the SAW filter to the differential 

25 gain amplifier to achieve the proper phase for oscillation. 

However, this involves making new bond contacts either from the 

output of the gain amplifier back to the input of the SAW filter, or 

from the output of the SAW filter to the input of the gain 

amplifier. · Moreover, this procedure typically results in having to 

3 O do a re-layout of the board. 

35 

Hence, there exists a need for an improved circuit and method 

for providing a 180° phase shift in a gain amplifier 

Brief Description of the Drawings 

FIG. 1 is a detailed schematic/block diagram of an amplifier 

circuit for providing an automatic 180° phase shift from . a gain 
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amplifier to a feedback filter component in accordance with the 

present invention; and 
FIG. 2 is a detailed schematic/diagram illustrating one 

embodiment for an oscillation detector as shown in FIG. 1. 

5 Detailed Description of the Drawings 

Referring to FIG. 1, gain stage 12 is shown for providing an 

automatic 180° phase shift from gain stage 12 to feedback filter 

component 14, for example, a SAW filter, which will ensure that an 

1 O oscillatory signal appears at the output of filter 14. 

Gain stage 12 includes differential gain amplifier 16 having a 

first input, for example a non-inverting input, coupled to a first 

output, for example, a non-inverting output, of filter 14, and a 

second input, for example, an inverting input, coupled to a second 

1 5 output, for example, an inverting output, of filter 14. 

The first output, for example, a non-inverting output, of gain 

amplifier 16 is coupled to a first input of exclusive OR (XOR) gate 

18. Similarly, a second output, for example, an inverting output, of 

gain amplifier 16 is coupled to a first input of XOR gate 20 wherein 

2 0 XOR gates 18 and 20 comprise phase shifter 22. The outputs of XOR 

gates 18 and 20 respectively coupled to first, for example, non­

inverting, and second, for example, inverting, inputs of differential 

gain amplifier 24. A first output, for example a non-inverting 

output, of gain amplifier 24 is coupled to a first input, for 

2 5 example, a non-inverting input, of filter 14. Similarly, a second 

output, for example, an inverting output, of gain amplifier 24 is 

coupled to a second input, for example, an inverting input, of filter 

14. 
The first and second outputs of filter 14 are also coupled to 

3 0 oscillation detection circuit 25 which includes schmitt trigger 26 

and control circuit 28. In particular, the first and second outputs 

of filter 14 are coupled to first, for example non-inverting, and 

second, for example inverting, inputs of Schmitt trigger 26, the 

latter having an output coupled to an input of control circuit 28. 

3 5 Finally, the output of control circuit 28 is coupled to the second 

inputs of both XOR gates 18 and 20 for providing a control logic 

signal thereat. It is understood that the inputs of gain stage 12 is 
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taken to be the fitst and second inputs of gain amplifier 16, and 

the outputs of gain stage 12 is taken to be the outputs of gain 

amplifier 24. 
Upon power up, the output of control circuit 28 provides a 

5 logic zero to the second inputs of XOR gates 18 and 20. As a result 

of the XOR logic function, the true version of the output signal {as 

opposed to the complement version} appearing at the first output 

of gain amplifier 16 is transferred, via XOR gate 18, to the first 

input of gain amplifier 24. Similarly, the ~rue version of the 

1 0 output signal appearing at the second output of gain amplifier 16 is 

transferred, via XOR gate 20, to the first input of gain amplifier 

24. 
If the signal appearing at the first and second outputs of 

filter 14 is an oscillatory signal having a predetermined voltage 

1 5 swing, schmitt trigger 26 will respond to provide the oscillatory 

signal to the input of control circuit 28. In response,. control 

circuit 28 will continue to provide a · 1ogic zero at its output and to 

the second inputs of XOR gates 18 and 20. As a result, the phase 

between gain amplifiers 16 and 24 does not need to be changed 

2 O since oscillation is detected. In other words, the logic state of the 

output logic control signal of control circuit 28 will not change 

because an oscillation signal has been detected and no 180° phase 

shift is needed. 
On the other hand, if no oscillatory signal of a predetermined 

2 5 voltage swing appears at the outputs of filter 14, sch mitt trigger 

26 will provide a no signal to the input of control circuit 28. This 

loss of signal will cause the output of control circuit 28 to switch 

from its initial logic zero state to a logic one state. This logic one 

appearing at the output of control circuit 28 also provides a logic 

3 0 one at the second inputs of XOR gates 18 and 20. As a result of the 

XOR logic function, the complement version of the output signal 

appearing at the first output of gain amplifier 16 is transferred, 

via XOR gate 18, to the first input of gain amplifier 24. Similarly, 

the complement version of the output signal appearing at the 

3 5 second output of gain amplifier 16 is transferred, via XOR gate 20, 

to the first input of gain amplifier 24. This has the effect of 

reversing the signals appearing at the first and second outputs of 
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gain amplifier 16 with respect to their application to the first and 

second inputs of gain amplifier 24. Thus, it should be clear that 

phase shifter 22 automatically ·and electronically reverses the 

signals appearing at the first and second outputs of gain amplifier 

5 16 before they are applied to the first and second inputs of gain 

amplifier 24. As a result, the desired 180° phase shift is 

accomplished thereby providing a gain stage which ensures that 

filter 14 oscillates. 
Thus, the present invention includes gain stage 12 which 

1 O detects whether an oscillatory signal appears at its inputs. If so, 

then the output of oscillation detector 28 remains unchanged. But, 

if no oscillatory signal appears at the inputs of gain stage 12, then 

the output of control circuit 28 is changed from an initial logic 

low state to a logic high state. This causes phase shift circuit 22 

1 5 to invert the outputs appearing at the first and second outputs of 

gain amplifier 16 before they are respectively applied to first and 

second inputs of gain amplifier 24. Thus, an effective 180° phase 

reversal between the outputs of gain amplifier 16 and the inputs of 

gain amplifier 24 is accomplished. 

2 0 Referring to FIG. 2, at least one embodiment of a circuit 

utilized to implement oscillation detector circuit 28 of FIG. 1 is 

s.hown. In particular, control circuit 28 includes D-flipflop 40 

having a clock input coupled to the input of control circuit 28, and 

a data input tied to receive a logic low voltage level, for example, 

2 5 ground reference. 
The output of D-flipflop 40 is coupled to a first input of AND 

gate 42, the latter having an output coupled to a clock input of D­

flipflop 44. The data input of D-flipflop 44 is coupled to receive a 

logic high voltage level, for example, supply voltage Vee. The 

3 O output of D-flipflop 44 is coupled to the output of control circuit 

28. The second input of AND gate 42 is returned to ground 

reference via capacitor 46. The set input {SET) of D-flipflop 40 is 

coupled to circuit node 47 whereby circuit node 47 is coupled 

through resistor 48 to receive operating potential Vee. Circuit 

35 node 47 is also coupled through resistor 50 to the second input of 

AND gate 42. Moreover, circuit node 47 is also coupled to the clear 

input (CLR) of D-flipflop 44. Circuit node 47 is also coupled to 
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receive enable signal ENABLE. 
Briefly, control circuit 28, upon power up, will provide a 

logic zero at its output, and will remain a logic zero if an 

oscillatory signal appears at the output of filter 14. However, if 

5 oscillatory signal is not detected, the output of control circuit 28 

is switched from its initial logic zero state to a logic one state 

thereby enabling phase shifter 22 to provide a 180° phase shift as 

aforedescribed. 
In particular, upon power on, voltage Vee is substantially low 

1 O enough to provide a logic low at the set input of D-flipflop 40 and 

the clear input of D-flipflop 44 thereby initializing the output of 

D-flipflop 40 to a logic high and ·the output of D-flipflop 44 to a 

logic low. Moreover, at this time, the second input of AND gate 42 

is at a logic low thereby assuring that no clock pulses are sent to 

1 5 D-flipflop 44. 
As Vee increases, the voltage at circuit node 47 increases 

such that a logic high is recognized at the set and clear inputs of 

D-flipflops 40 and 44, respectively. However, due to a different RC 

time constant, the voltage level appearing at the second input of 

20 AND gate 42 is still indicative of a logic low. 

During the predetermined time interval that it takes from 

when circuit node 47 reaches a logic high voltage level to the time 

the second input of AND gate 42 reaches a logic high voltage level, 

filter 14 is given time to enter oscillation. If the output of filter 

25 14 is an oscillatory signal, then the output of schmitt trigger 26 is 

also an oscillatory signal. This oscillatory signal will cause the 

clocking of D-flip flop 40 thereby causing the initial logic high at 

the output of D-flipflop 40 to change to a logic low. Thus, when 

the second input to AND gate 42 finally reaches a voltage level 

3 O indicative of a logic high state, the output of AND gate 42 remains 

a logic low and D-flipflop 44 is not clocked. Hence, the initial 

logic low state at the output of D-flipflop 44 remains unchanged 

since no phase reversal is needed. 
On the other hand, if the output filter 14 is not an oscillatory 

3 5 signal, then the output signal of schmitt trigger 26 also does not 

oscillate. As a result, D-flip flop 40 will not be clocked thereby 

causing the initial logic high at the output of D-flipflop 40 to 
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remain at a logic high. Thus, when the seeond input to AND gate 42 

finally reaches a voltage level indicative of a logic high state, the 

output of AND gate 42 switches from a logic low to a logic high 

thereby clocking D-flipflop 44. As a result, the initial logic low 

5 state at the output of D-flipflop 44 is switched from its initial 

logic low state to a logic high state since a phase reversal is 

desired. 
Once this phase reversal has been done, the output of filter 

14 is now an oscillatory signal which propagates through schmitt 

1 O trigger 26 to provide an oscillatory signal to the clock input of D­

flipflop 40 as aforedescribed. But once D-flipflop 40 is clocked, 

this will cause a logic low to appear at the output of D-flipflop 40 

which has the effect of disabling the clock to D-flipflop 44. Thus, 

the output of D-flipflop 44 will remain at the desired logic high 

1 5 state. 
By now it should be apparent from the foregoing discussion 

that a novel gain stage for providing an automatic phase shift 

within the gain stage itself is provided. In particular, the gain 

stage includes first and second amplifiers where the first and 

2 O second inputs of the first amplifier are coupled to inputs of the 

gain stage, while first and second outputs of the second amplifier 

are coupled to outputs of the gain stage. The gain stage also 

includes a logic circuit coupled between first and second outputs 

of the first amplifier and first and second inputs of the second 

2 5 amplifier. A detection circuit is also provided for determining 

whether an oscillation signal appears at the inputs of the gain 

stage. If an oscillation signal is not detected, then the logic 

circuit inverts the phase of outputs signals appearing at the first 

and second outputs of the first amplifier before being respectively 

3 O applied to first and second inputs of the second amplifier. This has 

the overall effect of implementing an automatic 180° phase shift 

of the signal appearing at the outputs of the gain stage with 

respect to a signal appearing at the inputs of the gain stage. 

The present invention also includes a method for providing an 

· 3 5 automatic phase reversal of a differential input signal with 

respect to a differential output signal of a gain stage, the gain 

stage including first and second differential amplifiers and a logic 
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circuit, the first amplifier having first and second inputs being 

coupled to receive the differential input signal, the second 

amplifier having first .and second outputs being coupled to provide 

the differential output signal, the logic circuit being coupled 

5 between first and second outputs of the first amplifier and first 

and second inputs of the second amplifier, the method comprising 

the steps of initializing a logic input of the logic circuit to a first 

logic state such that a first output of the first amplifier is passed 

to a first input of the second amplifier and_ that a second output of 

1 O the first amplifier is passed to a second input of the second 

amplifier; determining whether the input signal is an oscillatory 

signal having a predetermined voltage swing; maintaining the logic 

input of the logic circuit at the first logic state if an oscillatory 

signal has been detected; and changing the logic input of the logic 

1 5 circuit to a second logic state if an oscillatory signal has not been 

detected thereby causing a 180° phase shift of the output signal 

with respect to the input signal. 

While the invention has been described · in conjunction with 

specific embodiments thereof, it ·is evident that many alternations, 

2 O modifications and variations will be apparent to those skilled in 

the art in light of the forgoing description. Accordingly, it is 

intended to embrace all such alternations, modifications and 

variations in the appended claims. 
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CLAIMS 
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1. A gain stage circuit (12) for providing an automatic 

phase shift of a differential input signal with respect to a 

5 differential output signal_, the differential input signal appearing 

at first and second inputs, the differential output signal appearing 

at first and second outputs, comprising: 

a first amplifier (16) having first and second inputs and first 

and second outputs, said first and second inputs of said first 

1 0 amplifier being respectively coupled to the first and second inputs 

of the gain stage; 
a second amplifier (24) having first and second inputs and 

first and second outputs, said first and second outputs of said 

second amplifier being respectively coupled to first and second 

1 5 outputs of the gain stage; 

a detection circuit (25) having a first and second inputs and 

an output, said first and second inputs of said detection circuit 

being coupled to said first and second inputs of said first 

amplifier, said output of said detection circuit providing a logic 

2 0 control signal; and 
a phase shift circuit (22) having a plurality of inputs and 

first and second outputs, first and second ones of said plurality of 

inputs of said phase shift circuit being respectively coupled to 

said first and second outputs of said first amplifier, third and 

2 5 fourth ones of said plurality of inputs of said phase shift circuit 

being coupled to said output of said detection circuit to receive 

said logic control signal, said first and second outputs of said 

phase shifter being respectively coupled to said first and second 

inputs of said second amplifier. 

30 
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2. The gain stage circuit according to claim 1 wherein 

said detection circuit includes: 

trigger means (26) for providing a signal at an output when 

the input signal is an oscillatory signal having a predetermined 

5 voltage swing, said trigger means having first and second inputs 

respectively coupled to said first and second inputs of said first 

amplifier; and 
control means (28) having an output for providing said logic 

control signal to said phase shift circuit, ~aid control means 

1 0 having an input coupled to said output of said trigger means. 
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3. The gain stage circuit according to claim 2 wherein 

said control means includes: 

a first D-flipflop (40) having a data input, a clock input, a set 

5 input and an output, said data input of said first D-flipflop being 

coupled to receive a voltage indicative of a first logic state, said 

clock input of said first D-flipflop being coupled to said input of 

said control means; 

an AND gate (42) having first and second inputs and an output, 

1 0 said first input of said AND gate being coupled to said output of 

said first D-flipflop; 

a second D-flipflop (44} having a data input, a clock input, a 

clear input and an output, said data input of said second D-flipflop 

being coupled to receive a voltage indicative of a second logic 

15 state, said clock input of said second D-flipflop being coupled to 

said output of said AND gate, said output of said second D-flipflop 

being coupled to said output of said circuit means, said clear input 

of said second D-flipflop being coupled to said set input of said 

first D-flipflop; 

2 0 a capacitor (46) being coupled between said second input of 

said AND gate and ground reference; 

a first resistor (48} being coupled between said set input of 

said first D-flipflop and a first supply voltage terminal; and 

a second resistor (50) being coupled between said set input 

2 5 of said first D-flipflop and said second input of said AND gate. 
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4. A method for providing an automatic phase reversal of a 

differential input signal with respect to a differential output 

signal of a gain stage, the gain stage including first and second 

differential amplifiers and a logic circuit, the first amplifier 

5 having first and second inputs being coupled to receive the 

differential input signal, the second amplifier having first and 

second outputs being coupled to provide the differential output 

signal, the logic circuit being coupled between first and second 

outputs of the first amplifier and first and second inputs of the 

1 O second amplifier, the method comprising the steps of: 

initializing a logic input of the logic circuit to a first logic 

state such that a first output of the first amplifier is passed to a 

first input of the second amplifier and that a second output of the 

first amplifier is passed to a second input of the second amplifier; 

1 5 determining whether the input signal is an oscillatory signal 

having a predetermined voltage swing; 

maintaining said logic input of the logic circuit at said first 

logic state if an oscillatory signal has been detected; and 

changing said logic input of the logic circuit to a second logic 

2 0 state if an oscillatory signal has not been detected thereby causing 

a 180° phase shift of the output signal with respect to the input 

signal. 

25 


