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of the Invention 5 This invention relates to anplifiers a
anplifiers having an auto phase shift to be used in conjunction

W th surface acoustic wave (SAW devices. 10 Backgr ound
of the lnvention When utilizing a SAWfilter

the output of th LA er
Is typically coupled through at | east one g;;u n anplifier \/\/nose%(%%m)bbt
coupl ed back to thesAV\P@ts&LLrAfr@ﬁ/@/er AMPLIFIER WITH ALTOPHASELSHIFRI n

anplifier is to ensure an overall |oop gain greater than one, and to ensure
that the output of the SAWflIter provides an oscillatory signal. In
general, if the output of the SAWfilter does not provide an oscillatory

signal, the

differential inputs ( galn anplifier can
sinmply be reversed thereby 20 i ?'Srﬁg&uhﬁ%fﬁ&gbﬁ 0 180[ err] phase shift
and ensurifg that an oscill atory signal appears at the output of the SAW

filter as is known Tiig ffie réiéfﬁ 18! ‘anfiaiffirsTr] rﬁ?%éﬂﬁ:lﬂér manual | y
i nverting the connect [ o rom t he filt erenti al .5 gai n
anplifier to mpliiers having 2R yHesphase §é¥ﬁ I‘Pa‘?? fleGRpU

i nvol ves maki ngithesyHand aeoustié swavehESAWpdevivesaut put of the gal n
anplifier back to the input of the SAWfilter, or fromthe output of the

SAWfilter to the input of the gain anplifier. Mreover, this procedure
typical lytpesults in having to Background of the Invention’
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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
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
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
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
do a re-layout of the board.

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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30 do a re-laydbut of the board. Hence, there exists a need for an inproved
circuit and nethod for providing a 180[err] phase shift in a gain anplifier
Brief Description of the Drawings 35 FIG 1 is a detailed schematic/block
di agram of an anplifier circuit for providing an automatic 180[err] phase
shift froma gain 2 anplifier to a feedbgck filter conmponent in
accordance with the present invention; and FIG 2 is a detailed

schemat i ¢/ di ag%ﬁfﬁlifiégufé " @t etk ﬁmdéamgoﬁm i aeordhatowigetaet or
as shown in Fl 1. 5, . Detai | ed Description of the Draw ngs
Referring to FPtgsant ipyentionig@ntb i s shown for providing an automatic
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’ component 14, for example, a SAW filter, which will ensure that an
10 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

15 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

20 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

25 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

30 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.

35 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



anplifier 16 is coupled to a first input of exclusive OR (XOR) gate 18.
Simlarl'y, a second output, for exanple, an inverting output, of gain
anplifier 16 is coupled to a first input of XOR gate 20 wherein 20 XOR
gates 18 and 20 conpri se phase shifter 22. The outputs of XOR gates 18 and
20 respectively coupled to first, for examge, non- inverting, and second,
for exanple, inverting, inputs of differential gain anplifier 24. A first
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gain anpl 10i erodl@utaslgnal 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

15 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 logic 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

20 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

25 voltage swing appears at the outputs of filter 14, schmitt 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

30 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

35 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



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

conpl ement version) appearing at the first dutput of gain anplifier 16 is
transferred, via XOR gate 18, to the first input of gain anplifier 24.

Simlarly, the n4 af t
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if no oscﬂlatory sngnal 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
15 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.
20 - Referring to FIG. 2, at least one embodiment of a circuit
utilized to implement oscillation detector circuit 28 of FIG. 1 is
shown. 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,
25 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 Vcc. The
30 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 Vgc. 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



fromits initial logic zero state to a logic one state. This |ogic one
appearing at the output of control circuit 28 also provides a logic 30 one
at the second inputs of XOR gates 18 and 20. As a result of the XOR | ogic
function, the conplenent version of the output signal appearing at the
first output of gain anplifier 16 is transf£rred, via XOR gate 18, to the
first input of gain anplifier 24. Simlarly, the conplenment version of the
out put signal repphar iengbld sidgreal3ENABIOSNd out put of gain anplifier 16 is
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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
15 D-flipflop 44.
' As Vcc 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

30 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

35 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



the output of control circuit 28 is changed froman initial logic |ow 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 anplifier 16
before they are respectively applied to first and second i nputs of gain
anplifier 24. Thus, an effective 180[err] plgase reversal between the
outputs of gain anplifier 16 and the inputs of gain anplifier 24 is
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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
15 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

20 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

25 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

30 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

35 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



5 receive enable signal ENABLE. Briefly, control circuit 28, upon power up,
W ll provide a logic zero at its output, and will remain a logic zero if an
OSC|IIatory signal appears at the output of filter 14. However, if 5
oscillatory signal is not detected, the output of control CIrCUIt 28 is
switched fromits initial logic zero stateo a |logic one state thereby
enabl i ng phase shifter 22 to provide a 180[err]; phase shift as '
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hi gh vol t 4@e Itheefirst 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

15 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,

20 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.



filter 14 is given time to enter oscillation. If the output of filter 25
14 is an oscillatory signal, then the output of schmtt-trigger 26 s al so

an oscillatory signal. This oscillatory signal will cause the cloc
D-flip flop 40 thereby causing the initial |ogic high alm lulﬂ.“ [mﬂ “1
D-flipflop 40 to change to a logic |ow. Thug, when the ND
gate 42 finally reaches a voltage |l evel 30 indicative of a Iogl c high
state, the output of AND gate 42 remai ns GLAIMSC | ow and Dflipflop 44 is
not clocked. Hence, the initial logic low state at the output of D-flipflop
44 remai ns unchanged since no phase reversal is needed. On the other hand,
if the output filten, 14 iAs gaih stages citduit ¢12) Ior prayiding @meautomatia put
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10 amplifier being respectively coupled to the first and second inputs
of the gain stage;

a second amplifier (24) havmg first and second inpuis and
first and second outputs, said first and second outputs of said
second amplifier being respectively cbupled to first and second

15 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

20 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

25 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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effect of disabling the clock to D-flipflop 44. Thus, the output of
D-flipflop 44 wll remain at the desired | ogic high 1 5 state. By now it
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stage. The present invention also includes a nethod for providing an
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aafsisrezt t Logi ?|?§ltd ier?mmomwnsairﬁd:luabsout py]E ~of the first anplifier is
D25 s et ot Bt PEhBHOBCTA0E HENEAR e Bl o TIBER R dor!
anpl i fi er; 5detimputnang aheobtput; teaidngata snghibiofi saith fustiP1fliplien e
lhg"! ng a pr?deécﬁﬁﬂé&%"%éc?Gé.év‘baﬂé g8irficative Dof! Be firs0lGgicnBéted! sdide
gic circuit a e frrst logic, st i f an oscillatory signal has, begn
detect ed; and eloskginRpt o $6& g"ﬂngﬁhfbﬁo? Egelpggpgup?eﬂ 9 s& t""P(S'taoF
i:ﬁginggl ggilcso[s%?fr(j]edd;r],;m ﬁﬁ?é;a} O{y Si g?al has not been detected thereby
i nput signal . Wil egphéﬁl@\%?i &?)hﬁé\"ﬁﬁeﬁ%ge@(?[&?ggwdﬁlnﬁ%ﬁ?’ﬁ%@{j|éorﬁ c;v|\7|n ﬁHt’
speci fi ¢ dighodsaienfisst inputodbf saidi ANEigidetbeing: cotipledhitoesaigt putiput 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 vdltage 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;

20 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

25 of said first D-flipflop and said second input of said AND gate.
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20 nod;flrc]atlonsandyawtratlﬁns w1l be apparent to those skilled in the . ...
art in tight of the for n ption. Accordingly, it is ﬂn £ EN
enbrace all such a ﬂ“n ﬁ liﬂﬂ!ﬂflcatlons and variations i Trﬁgd }qFéﬂJAS BE
cl ai ns. CLAII\/S circuit (12) for providin

phase shift of a dlf’ferentlal i nput signal{yith respect to a 5
differential output signal, the differential input signal appearing at

first and second i quts Atrh‘étl%(i ffS %\,ﬁilﬂgluéﬁuéuﬁ Wrr 08rd) {ﬂ ISt

and second out puts, ‘conpri Sing I rst and
second i nputs ﬁarenﬂak input s%'@@ﬁéi withoyespeshi 0 3 r differeptiad coutPYtput s of
said first 10 gjgmy bf'&rgahﬁ' f%@cgawlsxageuhbﬂmm g firt dnd séecord second

i nputs of th | i f 24 f

i nput s and e d Eptiab mpIberp R0a 2 190K ( SFCUla e gt o BRIt ol o

ng?Ed anpki flth%fw ARG et raseessdond ynpuispbeihg cdupled t?andeventheL 5 out puts
e gains o

e S o Yol AGind iy bt

circuit bei ng semgricedutputsaibeingr eoupled st@cbl’m/ldﬂpth% diffecentink pudput

amplifier, Sa'éi'gHHF Pife Abgi2citclft Belid tdupled beféwh dirdd andl 0sésord

control signal;
outputs of the first amplifier and first and second inputs of the
10 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;
15 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
20 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
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a phase shift circuit (22) having a plurality of inputs and first and
second dutputs, 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 anplifier, third and 25 fourth ones of said
plurality of inputs of said phase shift cirggit being coupled to said

out put of said detection circuit to receive said logic control signal, said
first and second ogiNWIGSEILISTORAGARS mpi_mgﬁowwm A@WPHA@ES@W' ed
to said first and second I nputs of said second amplifier

gain stage circuit according to claim1 wherein said detection circuit

i ncludes: trigger neans for provAtistigiotl of ot DRisclosuret put when the input
signal is an oscillatory signal having a predeterm ned voltage sw ng, said
trigger 5 means having first and second inputs respectively coupled to
said first &@nd secodd gawpustager (32) dof i previding| &ni automamcmasalsmﬁarss
having an out p\a}o‘fng@dprqw FaPlo 980 the Yain 8 detbBRRwidine ahPhase

shift circuit, "sal haV| an | f to sal d out ut of

sai d trigger reakllation signalr appears §¥ dife 1BpH |t @(Ebrqg"lcﬂ tien csign
wherein said cpatrdétotteds then! tiiegain stage inverts outputs signals occurrmg

at outputs of a first amplifier (16) before being respectively
10 applied to inputs of a second amplifier (24). This has the overall
effect of implementing a 180° phase shift of a signal appearing at
the outputs of the gain stage with respect to a signal appearmg at
the inputs of the gain stage. .
FIG. 1 accompanies this abstract.
15



a first D-flipflop having a data input, a clock input, a set input and an
out put, “said data input of said first D-flipflop being coupled to receive a
voltage 15 indicative of a first logic state, said clock input of said
first Dflipflop being coupled to said input of said control neans; an AND
gate having first and second inputs and an output, said first input of said
AND gate being coupled to said output 7d7 said first D-flipflop; a second
D-flipflop having a data input, a clock input, [g clear input and an 20

out put, said data input of said second D-fli pf,“ p being coupled to receive

a voltage indicative of a second |ogfe state, sagi cl ock input of said
second D- flipflop | gdgtrﬁ.‘; ;
out put of said secofd D-flipflop beihg cb EI to

~1said
id output of s$aid
circuit neans, saidjcliear input of shid second D-fRi pflop being|ceupled to
said set input of sdgiq 25 first D-f , citor being ¢otdpled
bet ween sai d second|i jput of said AND gate and ground referencel @ first
resi stor being GIJb'I"e'qFEEét-V\'Ee—n'é'é'l’H'Ee'f"'l'ﬁ_p'ﬁt"(')'f"s'éi'a'TT'r"s't- fiipflop and

a first supply voltdge terminajg and 30 @ sec| bei ng

coupl ed between, sai 4 4et inpufyof said f]rfst y -4 | becond
i nput of said D gat §—=- arm staggci v h filter
devi ce for ensufinglthat an t si qnar of ffé)t : an
oscillatory sighal, {th i evice 35 haji n Hr d second inputs
and first and spgoRd.quiputs~.ponpri s%gnj‘. af lifier Havi ng first
and second inpul g agdlfirst ang secon oht"ptITS‘,"'sm‘d"fi rst arjd second
inputs of said §ir l'ifiergheing Le_s_p_g(':_;ti vely coupl ed i
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- 10.- to the first and second outputs of the filter devi

anplifier having firs ' ts and first and s ,
s et N 2 g s
coupled to first and secomd rnputss of* the fidter device; Tdetectd
circuit having a first and second inputs and an output, sdai I rst and

second inputs of said detection circuit being coupled to said first and
second i nputs of, said.first lifier, said output of said detectjo
circuit providirg a | eaﬁﬁelcwgp@ﬁg@rﬁ%sﬁﬁ@gné wharein said éﬁ@FP'O"
remai ni ng i n an girguitiintblublesst | ogi ¢ state when the output signal of the
filter device i, | Sl I | ' . |

bei ng for ced t o WodELMeanBIGt pledidby aﬁa@ﬁ%ﬁﬁﬁhﬁﬁhﬁ“’#aﬁﬁ?“@%siéﬁ’%ﬂﬁ%tagr
device is not arpseilatony=signgl kaving k. predetermimed voltage swing, said triggerng a
plurality of gin o 860 Pmé il Resa8%irsingsd of -
said plurali 'Esy gbbléﬂ%&tqgin fﬁ?aﬁyétase ﬁllﬁg%gg?%ly?guﬁfégel ng a4
respectively _(:ouﬁﬁ"@ﬂdt'ﬁpgﬁi‘?fﬂai § &H&P' b outputs of said first

agp:c It fier, t [ﬂ L coonirbl hwlfrtsthaxnﬂg aﬁLompuﬂfolt@lpn?ﬁHir{gysaiﬂ tl¢g110_@bﬁtr6f signafltdtohase
shi ci rcui ein sai d. ajd detection circyi 0
ecel ve said | ot EORE S PERHIF SO Beadi houbg tinphf pudietitd saft
phase shifter bedutput efsaid tiiggerymeansl ed to said first and second inputs of
sai d second4Q0 anplifier, when said logic control signal is in a first

| ogi c state said phase shift circgit_provi@in? true versions of signals
appearing at said firEhe gatn slage eircuil aggerding taglaimd whereimseid centrelo sai d
first and secondnpgRdtifcl@desdi d second anplifier, when said logic control

[ | is i t at i d. ph hjft ci ' i di
SOnal s N 8 O O o Ps S WSS ook ok & 55k bk S Sutpur,

said data input of said first D-flipflop being coupled to receive a volitage
15 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 having first and second inputs and an output, said first input of
said AND gate being coupled to said output of said first D-flipflop;
a second D-flipflop having a data input, a clock input, a clear input and an
20 output, said data input of said second D-flipflop being coupled to receive a
voltage indicative of a second logic state, said clock input of said second D-
flipflop being coupled to said output of said AND gate, said output of said
second D-flipfiop 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
25 first D-flipfiop; _
a capacitor being coupled between said second input of said AND gate
and ground reference;
a first resistor being coupled between said set input of said first D-flipflop
and a first supply voltage terminal; and
30 a second resistor being coupled between said set input of said first
D-flipflop and said second input of said AND gate.

4, A gain stage circuit coupled across a filter device for ensuring that an
output signal of the filter device is an oscillatory signal, the filter device

35 having first and second inputs and first and second outputs, comprising:
a first amplifier having first and second inputs and first and second outputs,
said first and second inputs of said first amplifier being respectively coupled




25 - at. said first and second -outputs of said first anplifi MEWS%EEﬂ
and second |nputs of said sec‘iﬁd anplifier. 5. The gai staaj QEQE. '
§ ans::

according to CL““ mu id detection circuit include§:pi

for providing t put when t@@ i nput signal i

oscillatory sigfal haV|ng a predeterm ned I't age swing, said trigger neans
having first and second inputs respectlvely coupled to said first and

second inputs of said first anplifier nmeans having an out put

ontral
for providing §9|t'aelfﬁjla\!‘dc§ﬁﬂ°|"9|°lgp'ét§69f % ﬁﬁ\'@e‘ﬂ%se shift circuit, said
control neans hagecshdamplifiet hdving W%ﬁisééb ufsJémlhrétfarﬁPéébdﬁd gger

) ) d I 2 mh d
Toar ol rans P, S n &‘é'stew‘% BRIrAS Bt SRict Sk amplie BeIRg | oci
i nput, a set i mpspectivelycoupleddo ﬁrst&ndsseamrﬂanpuisrmuhedites devllcé; rst _
D-f1ipflop geing &t&%ﬂbﬁ%r@:ﬂn hﬁ@ﬁp@aﬁaéﬂ@@&gwqﬁg tdn\ﬂear?'ap@dft,[ sal fir%g' c

state, said cl oc cou
‘input of said amlwgombmyts @nsmmyeg%nt@nrmmmtgbemg §pualed tgeemarstmq s and

an out put, sai céebbhatmpmtetdf said firkt dmiifie afd Batpw of SHif a@ie&ﬁbﬁ gjréuiput put
of said first D-flipflo D1 Vi n | hput, a
clock input, aRIPWEing ﬁgﬁg'cm?gis&"ﬁg id i%gp I CBEFQP?'SB& r%a‘gm%'ns%ond
D-flipflop bei igitiabfinst kibi¢ state atiencthe outintutasl nalrsfithe fitee debice isanond | ogi c
sty <o ol S i B sl o BB S B g
state when the output signal of the filter device is not an oscillatory signal;
and
a phase shift circuit having a plurality of inputs and first and second outputs,
first and second ones of said plurality of inputs of said phase shift circuit
15 Dbeing respectively coupled to said first and second outputs of said first
amplifier, third and 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 outputé of said phase shifter
being respectively coupled to said first and second inputs of said second
20 amplifier, when said logic control signal is in a first logic state said phase
shift circuit providing true versions of signals appearing at said first and
second outputs of said first amplifier to said first and second inputs of said
second amplifier, when said logic control signal is in a second logic state
said phase shift circuit providing complement versions of signals appearing
25 at said first and second outputs of said first amplifier to said first and second
inputs of said second amplifier.
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secgnd -D-flipflop_being.coupled to said output of said circuit means, said
25 clear input of said second D-flipflop being coupled S d“"ﬂ'*“
of said first D-fl |E“l“£umﬂ! Hmr bei ng coupl ed bet EPIS G RIMENT SREET
i nput of said AND g ferenc a first registor 61%&?&9{)'
bet ween sai d set inplt of ‘sai"d first D-fli pflop 30 and|| P4t r.s¥.: M. 7
voltage termnal; and a second resi stor being coupled b ;
i nput of said fi rst D-flj pflop and said second input of said AND gate. 7.
A method for providing an automatic phase reversal of a 35 differential

i nput signal wih re’fbegain stagedsifcuitrancording do clait 4 wiheréinadaid datddtiopt age,
the gain stage Eé‘d#] gst st and second differential anplifiers and a

t | rst

logic circuit, mplifier having first and second inputs being
coupl ed _ 12-trigger H@;ﬂﬂﬁefof REoviding & signabat am putput iwhen thetinputsignalkis an
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na

alnd greggnljaout ?nﬁ q‘fﬁi da’ﬁgPﬂ‘F‘ﬂ@? uts, resnacty IYeﬁR!‘Pi%%ﬁalﬂrfﬂﬁt%n%f

t he second anpls$écomd, mphtsmfesdi@ﬂrétanqﬂﬁbr andg the tsttelos ofh Itﬂltlal :wZIrQ? a

I f the | ate C

output of the first SofolFnedtd bavliadn bl tofhibyiing Sl ipeisontrel ono

amplifier and tSigealdossaid phaseshift cicduit, said control anedns havinganpiapatd to a

second i npyp ofcdupfed f5 8 SUHBUL &f &did trigger means.

6. The gain stage circuit according to claim 2 wherein said control
means includes:
a first D-flipflop having a data input, a clock input, a set input and an output,

15  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 having first and second inputs and an output, said first input of
said AND gate being coupled to said output of said first D-flipflop;

20  asecond D-flipflop 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 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

25 clear input of said second D-flipflop being coupled to said clear input of
said first D-flipfiop;

a capacitor being coupled between said second input of said AND gate
and ground reference;
a first resistor being coupled between said set input of said first D-flipfiop

30 and a first supply voltage terminal; and

a second resistor being coupled between said set input of said first
D-flipflop and said second input of said AND gate.

7. A method for providing an automatic phase reversal of a
35 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 having first and second inputs being coupled
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logic circuit
detected; and c angldg dai d |OQIC i nput ofothe logic cif
logic state if 15 an oscillatory signal has not been d

causing a 180[err] phase shift of the output signal with respect to the

i nput signal.

10

15

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 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 ampilifier;

determining whether the input signal is an oscillatory signal having a
predetermmed voltage swing;

maintaining said logic input of the logic circuit at said flrst logic state
if an oscillatory signal has been detected; and

changing said logic input of the logic 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.
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