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(57) ABSTRACT

A method and apparatus for avoiding and or recovering from
the latch-up condition 1n a quantized feedback DC restorer
circuit for use in a digital data commumnication system
receiver. An automatic gain control (AGC) circuit controls
the level of the recerved data by comparing the AGC output
with a quantized output signal from the DC restorer. A
carrier detect circuit detects the presence of data transitions
in the quantized output signal, and 1n the absence of such
transitions continuously ramps up the gain of the AGC until
such transitions are detected. The carrier detect circuit can
be further used to disable, either entirely or partially, the
positive feedback path of the DC restorer in the absence of
transition in the quantized output signal. The present inven-
tion further provides an inherent muting function of the DC
restorer output signal in the absence of valid data transitions.

22 Claims, 5 Drawing Sheets
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LATCH-UP RECOVERY IN QUANTIZED
FEEDBACK DC RESTORER CIRCUITS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to the field of serial digital
data communication systems. In particular, the present
invention relates to latch-up avoidance and recovery in a
serial digital data receiver using a quantized feedback DC
restorer.

BACKGROUND OF THE INVENTION

In a digital data communication system the transmitted
data 1s generally attenuated and distorted by the medium and
the AC coupling networks through which 1t 1s transmitted.
This results, among other things, 1mn a loss of the low
frequency and DC components in the received data.

To combat this problem, receivers typically include a DC
(direct current) restorer to restore or regenerate the low
frequency and DC components of the transmitted input, and
an automatic gain control (AGC) circuit which automati-
cally changes the gain or amplification of the received mput
to maintain the level of the amplified signal essentially
constant despite variations 1n input signal strength.

DC restorer circuits are generally implemented as either a
clamping DC restorer or a DC restorer based on the principle
of quantized feedback (QFB). Both clamping and quantized
teedback restorer circuits are described 1n detail in U.S. Pat.
No. 35,426,389, the description of said patent being incor-
porated herein by this reference. A QFB DC restorer circuit
generally exhibits superior noise and jitter performance,
however such circuits are susceptible to latching-up 11 the
output of the restorer 1s 1n the incorrect state at the onset of
data transmission. Prior art methods of overcoming the
latch-up problem ivolve additional start-up circuitry and/or
deviations 1n the QFB structure, and, as a result, require
supplementary circuitry and exhibit inferior circuit perfor-
mance.

Further, an important criteria in designing a QFB DC
restorer 1s the delay which occurs in the feedback loop.
Since any delay 1n the feedback loop of the QFB restorer
adversely aflects the construction of the signal spectrum at
the input of the slicer of the restorer, delay should be kept at
a minmimum level. In particular, at high data rates, elegant
and eflicient circuit implementation techniques are critical
for keeping the QFB circuit as simple as possible.

SUMMARY OF THE INVENTION

[In one aspect, the present invention is a circuit for
receiving an input signal and providing a quantized output
signal 1n response, said quantized output signal being at
either a first level or a second level, and said input signal
being substantially at either said first level or said second
level, said circuit comprising: (a) an automatic gain control
(AGC) circuit for providing a gain signal which processes
said 1nput signal to output a controlled signal having a
constant amplitude at either said first level or said second
level, said AGC circuit being operative in a first mode to
provide said gain signal 1 response to the diflerence

between the level of said controlled signal and the level of

said quantized output signal; (b) a restorer circuit coupled to
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said AGC circuit for recerving said controlled signal and for
providing a quantized output signal 1n response; (c) a carrier
detect circuit coupled to said AGC circuit and having an
input for receiving said quantized output signal, said carrier
detect circuit providing a detection signal for indicating the
presence ol a transition in the level of said quantized output
signal, said detection signal being coupled to said AGC
circuit; such that during periods when said detection signal
indicates that there are transitions in the level of said
quantized output signal, said AGC circuit 1s operative 1n said
first mode, and during periods when said detection signal
indicates that there are no transitions in the level of said
quantized output signal, said AGC circuit 1s operative 1n a
second mode wherein said gain signal 1s continually
increased, at least to a predetermined level.]

In ome aspect, the present invention is a circuit for
receiving an input signal and providing a quantized output
signal in response. The circuit comprises an amplifier for
providing a controlled signal in response to the input signal
and a gain signal; a vestorer circuit coupled to the amplifier,
the vestorver circuit including an internal feedback path; a
carrier detect circuit having an input for receiving the
quantized output signal, the carrier detect civcuit providing
a first detection signal and a second detection signal for
indicating the presence of a tramsition in the level of the
quantized output signal; and, an automatic gain control
(AGC) circuit coupled to the amplifier, the vestorver circuit
and the carrier detect circuit for providing the gain signal in
response to the controlled signal, the quantized output signal
and the first detection signal. The circuit further comprises
a feedback disabling circuit coupled to the carrier detect
circuit and the vestorer circuit for controllably enabling and
disabling the internal feedback path in response to the
second detection signal.

In another aspect of the present invention, said restorer
circuit comprises: (a) a high-pass filter circuit for receiving
said controlled signal and providing a high-pass filtered
controlled signal 1n response; (b) a low-pass filter circuit for
receiving said quantized output signal and providing a
low-pass filtered quantized output signal 1n response, said
low pass filter circuit providing a feedback path for said
low-pass filtered quantized output signal; (¢) a summer for
adding said high-pass filtered controlled signal with said
low-pass filtered quantized output signal to provide a slicer
input signal; and (d) a slicer circuit for comparing said slicer
input signal to a slicer reference signal and providing said
quantized output signal at a slicer output terminal 1n
response.

In another aspect, the present invention provides a
method for avoiding a latch-up condition in the output of a
digital data communication rveceiver which receives an input
signal and provides a quantized output signal in vesponse.
The quantized output signal is either at a first level or a
second level, and the input signal is substantially at either
the first level or the second level. The veceiver comprises an
automatic gain contvol circuit, a quantized feedback DC
vestorer circuit, a carrvier detect circuit and a feedback
disabling cirvcuit. The method comprises:

(a) processing the input signal in response to a gain signal
to provide a controlled signal having a constant ampli-
tude at either the first level ov the second level, the gain
signal being vesponsive in a first manner to the differ-
ence between the level of the controlled signal and the
level of the quantized output signal;

(b) selectively restoring the DC and low frequency com-
ponents of the controlled signal to provide the quan-
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tized output signal by isolating the DC and low fre-
quency components in the quantized output signal and
summing the isolated DC and low frequency compo-
nents into the controlled signal ov a version thereof
through a feedback path which may be controllably

enabled or disabled; and,

(¢) detecting the presence of a transition in the level of the
quantized output signal;

such that during periods when there arve transitions in the
level of the quantized output signal, the gain signal is
responsive in the first manner and the feedback path is
enabled, and during periods when theve are no transitions in
the level of the quantized output signal, the gain signal is
responsive in a second manner wherein the gain signal
continually increases to at least a predetermined value and
the feedback path is at least partially disabled.

[Thus, in further aspects of the present invention, said low
pass filter circuit includes a disabling circuit responsive to
said detection signal or a version thereof, so that said
disabling circuit disables said feedback path, either entirely
or partially, during periods when said detection signal indi-
cates that there are no transitions in the level of said
quantized output signal.]

In further aspects of the present invention, the disabling
circuit is vesponsive to said detection signal ov a version
thereof, so that said disabling civcuit disables said internal
Jeedback path, either entirely or partially, during periods
when said detection signal indicates that there are no
transitions in the level of said quantized output signal.

BRI

F DESCRIPTION OF THE DRAWINGS

In the accompanying drawings which illustrate a preferred
embodiment of the invention:

FIG. 1 1llustrates the eftect of zero-wander.

FIG. 2 shows the mput and output eye diagrams in a
digital data communication system.

FI1G. 3 1llustrates the general concept of DC restorer based
on quantized feedback.

FIG. 3A shows a typical implementation of a QFB DC
restorer circuit (QFB).

FIG. 4 1s a block diagram of a serial digital data receiver.
FIG. 5A shows a typical block diagram for an AGC unat.
FIG. 5B shows a block diagram of a carrier detect circuit.

FIG. 6 1s a block diagram of a preferred embodiment of
the present mvention which uses a QFB DC restorer and
carrier detection to overcome the latch-up problem.

FIG. 7 1s a block diagram of another embodiment of the
present mvention.

FI1G. 8 15 a block diagram of an additional embodiment of
the present invention.

FIG. 9 shows a circuit realization for the embodiment of
FIG. 6.

FIG. 10A shows a circuit realization for the embodiment
of FIG. 7.

FIG. 10B shows a circuit realization for the embodiment
of FIG. 8.

DETAILED DESCRIPTION OF TH.
INVENTION

In a senal digital data communication system, when the
signal passes through a high-pass filter (such as an
AC-coupling network which, for example, might be present
between a transmitter and a transmission line) it loses its
low-frequency components and experiences the “zero-
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wander’” effect. Zero wandering 1s 1llustrated 1n FIG. 1, and
can cause serious problems in signal detection since the
cllective zero of the signal (defined as the signal zero
crossing) drifts. As a result of this drift, the noise margin 1s
reduced. Furthermore, 1n the presence of non-zero rise and
fall times 1n the signal, which are always present in practice,
the drniit 1n zero crossing translates into timing jitter and
closes the eye diagram (1.e decreases the noise margin) of the
signal. FI1G. 2 illustrates the concepts of noise margin N and
jtter J 1n a data communication system, 1n terms of the input
and output eye diagrams.

i

To overcome the aforementioned problems, the lost low-
frequency components of the high-pass filtered signal must
be recovered and added to the signal before 1t 1s applied to
a slicer for final detection. FIG. 3 illustrates the prior art
technique of using a DC restorer 15 based on quantized
teedback (QFB) 1n which the low frequency spectrum from
the sliced output 22 1s recovered at 20 and then fed back to
the input, where 1t 1s added at 16 to the high-passed signal
14. Because the quantized output of the DC restorer 1s
quantized at specific levels, 1t contains DC and low 1ire-
quency components which were previously lost 1n the input
10. A typical implementation of a QFB DC restorer 15 1s
shown 1 FIG. 3A and includes a comparator 19. The
combination of feedback resistance 24 and mput capacitor
26 comprise both the low pass filter 20 in the feedback path
and the high pass filter 12. As will be appreciated by those
skilled 1n the art, applying the principle of superposition to
the circuit of FIG. 3A reveals that a low pass filtered version
of the output signal 22 and a high pass filtered version of the
input 10 are present at the non-inverting terminal of the
comparator 19. The comparator 19 slices this signal at the
non-inverting terminal based on a reference slicing signal
(not shown) which 1s connected to the inverting input of the
comparator.

Referring to FIG. 3, in steady-state operation, when the
signal 22 1s properly sliced, the feedback mechanism com-
pensates or the loss in the mmcoming feed-forward signal 14
(1.e. the mput signal 10 after having passed through high-
pass filter 12) provided that the time constant of the low-pass
filter 20 1n the feedback path matches that of the high-pass
filter 12 1n the feed-forward path, and provided that the input
10 and output 22 voltage swings are equal. Also, to combat
the effect of other high-pass filtering, such as external
AC-couplings, the cut-oil frequency of the above filters must
be set to a value such that 1t dominates over the other
high-frequency filtering, e.g. AC-couplings, in the commu-
nication system. In other words, the high-pass filter 12 has
a higher cut-ofl frequency than any other high-pass filter.

One major drawback of the QFB approach, which has
limited its use 1n practice, 1s the possibility of the occurrence
of a latch-up. A latch-up occurs when the quantized output
from the slicer 18 1s at the wrong level at the onset of data
transmission. Since a DC restorer based on QFB 1s a
decision-directed detector, 1ts correct operation depends on
its 1nitial state at the onset of data transmaission. Because the
level of the output 22 of the slicer 18 1s fed back to be added
with the high pass filtered mput signal 14, the transitions in
the mput signal 10 may never be able to change the state of
the slicer, and, as a result, the operation of the DC restorer
may fail. Prevention methods proposed so far have been

based on either employing additional start-up circuits or
deviating the QFB structure: A. J. Baker, “An Adaptive

Cable Equalizer for Serial Digital Video Rates to 400 Mb/s,”
I E E E ISSCC, pp. 174-175, (1996); J. Gabara and W. C.
Fischer, “Capacitive Coupling and Quantized Feedback

Applied to Conventional CMOS Technology,” IEEE JSSC,
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pp. 419-427, Vol. 32, No. 3, Mar. 1997. Unfortunately, such
solutions result in further complexities and/or 1n sacrifices to
the performance of the QFB DC restorer circuit.

FIG. 4 shows a prior art simplified base-band equivalent
block diagram of a known serial digital data communica-
tions receiver 30 with input 8 and output 6. In known
manner, the automatic gain control (AGC) loop circuit
which includes AGC unit 32 and amplifier 34, ensures that
the amplified input signal 10 1s amplified to a preset level by

adjusting the gain 1n an amplitude-sensing feedback loop. As
1s well known 1n the art, when the mput signal amplitude 1s
controlled by an AGC function the amplitude of a DC
restorer input signal 1s typically compared to the amplitude
ol a quantized reference signal and the difference, which 1s
the AGC error signal, can be used to control the gain
provided by the AGC circuit (1.e. by amplifier 34). A typical
implementation of the AGC unit 32 1s shown in FIG. 5A.
The amplified signal 10 and reference signal 13 are filtered
(at 2 and 3 respectively) and then rectified (at 4 and 5
respectively) to generate DC voltages which correspond to
the signal amplitudes. The diflerence 1s then obtained by
subtracting these amplitudes at unit 7. The output of unit 7
1s fed to an integrator 9 which adjusts the gain of the
amplifier to the optimum level. At this level, the amplifier
has just enough gain to force the error signal to zero.

Referring to FIGS. 4 and SA, 1 generating the AGC
reference signal at the start of data transmission, a carrier
detect circuit 38 1s used to monitor the signal 22 and output
a detection signal 37 to ramp up the gain of the amplifier 34,
1.e. increase 1t (preferably i a linear manner), until the
presence ol a transition i1n the level of the signal 22 1s
detected. As illustrated 1 FIG. SA, to ramp up the gain of
the amplifier 34 when the detection signal 37 indicates the
absence of transitions in signal 22, a switch 11 has been
employed 1n the AGC block 32 to open the AGC loop and
alternately direct a (ramp-up) DC voltage V., to the input
of the integrator 9. In this alternate mode of AGC operation,
the integrator output starts to ramp up and 1increases the gain
of the amplifier 34 until a transition 1s detected 1n signal 22
and detection signal 37 forces switch 11 to reconnect the
output of unit 7 to the itegrator 9. At this point the AGC 1s
switched to 1ts normal mode of operation, 1n which the AGC
loop 1s established. In cases where the recerved signal is
below the minimum detectable level, the integrator output
continues to increase and eventually saturates and forces the
amplifier to work at 1ts maximum gain. As will be appreci-
ated by those skilled 1n the art, this technique of ramping up
the amplifier gain avoids the potential for latch-up of the
AGC circuit at the onset of data transmission.

The amplifier 34 1s not restricted to having a flat response,
and could also shape the frequency spectrum of the signal
for channel equalization (i.e. as an equalizer). Due to match-
ing requirements, 1t 1s common practice to use either an
intermediate signal 13 or the final output of the DC restorer
22 to generate the reference signal for the AGC circuit: A.
I. Baker, “An Adaptive Cable Equalizer for Serial Digital
Video Rates to 400 Mb/s,” IEEE ISSCC, pp. 174-175,
(1996). In the illustrated embodiment of FIG. 4, the refer-
ence signal 1s the signal 13, but this could also be the output
signal 22 of the DC restorer.

As 1llustrated 1n FIG. 5B, the carrier detect circuit 38
typically consists of a high-pass filter 21 for passing the
signal transitions, a peak detector 23 which extracts a DC
voltage representing the amplitude of the transitions, and a
comparator 25 which compares the extracted peak with a
carrier-detect threshold level signal 27. In this manner, the
output 37 of the comparator 25 indicates whether or not a
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transition has occurred in the signal 22. The carrier detect
output signal 37 controls whether the ramping gain function
or mode of the AGC circuit 1s on or off (1.e. 1t 1S on when
there are no transitions). The ramping up of the gain of the
amplifier 34 commences at power-up of the receiver 30, and
it continues until a transition level 1s detected. For periods
during which there 1s a prolonged absence of data, the
amplifier 34 saturates at a maximum gain level. Once a
transition has been detected, the reference signal, signal 13

in FIG. 4, 1s valid and can be used by the AGC unit 32 and
amplifier 34, which then switch to a normal mode of
operation, to provide the receiver with the optimum amount
ol gain.

Because of the latch-up potential of QFB DC restorers,
this type of DC restorer has not typically been used 1n the
receiver architecture of FIG. 4. As already indicated, when
QFB DC restorers have been used, they have either
employed additional start-up circuitry or have deviated from
the basic QFB structure in attempts to avoid the latch-up of
the QFB DC restorer. Also, additional circuitry 1s may be
required to mute the QFB restorer output when the latter
does not contain useful information.

FIG. 6 shows an embodiment of the present invention
which uses a QFB DC restorer, and 1n which the caretully
designed architecture exploits the built-in “mute” function
provided by the positive feedback of the QFB circuit and
further exploits the AGC latch-up recoverable features
which are already present. In the circuit of FIG. 6, the AGC
reference signal 1s the quantized output signal 22 of the QFB
DC restorer 15. To 1illustrate, consider the case in which the
quantized output signal 22 1s 1n the wrong state at the onset
of data transmission. Since the carrier will not be detected
until transitions appear at the output signal 22, and consid-
ering the fact that the AGC reference signal 1s taken from
this node, the AGC will continue to ramp up the gain until
such transitions are detected. The presence of these transi-
tions 1n the signal 22 implies that the positive feedback of
the QFB restorer, which had mitially forced 1t into the wrong
state, has been overcome by the amplified input signal 10.
Latch-up prevention 1s thereby provided, since as soon as a
transition 1s able to pass the QFB restorer, 1t will force the
QFB restorer into the correct state. Furthermore, during the
ramp-up time, when the QFB restorer remains 1n a steady
state, the output 1s quiet or muted since no transition will be
allowed to pass through. When both the AGC and QFB
circuits have settled, the transitions are passed to the output
stage of the DC restorer. Thus, the embodiment of FIG. 6
remains inherently latch-up protected and mutes the output
in the absence of valid data transitions, even though there 1s
no additional or supplemental control over the QFB restorer
circuit.

While the circuitry of the embodiment of FIG. 6, despite
its simplicity, provides both latch-up protection and a bult-
in mute function, 1f the input signal has a very heavy
high-frequency content, such as in the case of a clock-rate
data signal, the amplified signal 10 may never be able to
overcome the internal positive feedback of the QFB restorer.
In this manner, a latch-up of the QFB restorer may still
occur. Such a situation 1s even more likely to occur 1if the
amplifier bandwidth 1s minimized to reduce noise, and/or 1f
the received signal 8 1s approximately at its minimum
detectable level.

FIG. 7 shows another embodiment of the present
invention, which further exploits the presence of the carrier
detector circuit 38 1n the receiver 30. As shown 1in FIG. 7, 1n
the absence of data transitions the positive feedback (1.e. the

low-pass filter 20) of the QFB DC restorer 1s disabled by a
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second control signal 39 from the carrier detect circuit, while
at the same time the AGC gain 1s ramping up. (Typically, as
will be obvious to one skilled 1n the art, control signal 37 and
control signal 39 are either the same signal or minor varia-
tions (1.e. diflerent versions, such as an iverted or amplified
version, of the same signal, and thus one signal effectively
controls both the positive feedback and the ramping gain
function.) As illustrated in FIG. 7, the control signal 39 gates
a switch [35] 40 in the positive feedback path of the QFB
restorer, so that when no transitions are detected the feed-
back path of the signal 22 is disabled, i.e. the switch [35] 40
1s open. When transitions are detected, the switch 35 closes
and thereby enables the feedback path.

In this mode of operation (i1.e with disabled feedback), the
QFB DC restorer operates as a simple slicer and passes the
amplified signal 10 to its output 22. Once a transition 1n
signal 22 occurs (1.e. when 1nput data 8 is present), the QFB
DC restorer 1s switched to its normal mode, with its feed-
back enabled. The QFB DC restorer 1s forced, in this case,
to start from the proper state, hence preventing or avoiding,
any latch-up problem. From this point on, and as long as the
communication system 1s not disturbed, the receiver and DC
restorer continue to operate 1n this mode. A drawback of the
embodiment of FIG. 7 1s, however, that, in the absence of
data transitions in the signal 22, the output signal 22 1s no
longer muted. Since the slicer 18 continues to operate during
this time, the output signal 22 will contain oscillations
and/or amplified noise. Prior art solutions to this problem
require the addition of an additional mute block circuit,
which may consequently degrade performance.

While theoretically, it 1s possible to design the QFB DC
restorer circuit of the present invention for proper operation
under any set of acceptable constraints, to accommodate for
variations 1n manufacturing when the above concerns are
critical, an intermediate solution between the embodiments
of FIG. 6 and FIG. 7 can be used. This can be achieved by
only partially disabling the positive feedback of the QFB

during the AGC ramp-up time, as illustrated conceptually 1n
FIG. 8.

The description of the circuit of FIG. 8 1s similar to that
of FIG. 7. The only difference i1s that the carrier-detect
control 39 over the low-pass filter (1.e. positive feedback
path) of the QFB restorer can have reduced control at a value
between 0 and 1 (instead of being completely disabled as in
FIG. 7). This 1s accomplished by providing a gain (or
equivalently an attenuation) to the signal 22 at amplifier 41
which varies between 1 and 0; a gain of 1 corresponds to no
teedback disablement/control, and a gain of 0 corresponds to
complete feedback disablement/control. As 1 FIG. 7, con-
trol signal 39 determines via switch 35 whether the feedback
path operates normally (switch 35' 1s 1n the upper position in
FIG. 8 and amplifier 41 1s bypassed) or whether 1t 1s partially
disabled (switch [35'] 40 is in the lower position). In this
manner, 11 the amplifier 41 has a gain of 1 (no control/
attenuation) this eflectively corresponds to the embodiment
shown 1 FIG. 6. On the other hand, 1f the amplifier 41 has
a gaimn ol 0 ({full control/attenuation) this efiectively corre-
sponds to the embodiment of FIG. 7.

The embodiment of FIG. 8 therefore provides superior
latch-up protection for the QFB DC restorer than does the
embodiment of FIG. 6, while still providing a muting
function for the QFB output. Thus the embodiment of FIG.
8 represents a compromise or trade-ofl between latch-up
protection and muting control.

As mentioned previously, simplicity of the QFB circuit 1s
crucial i high data rate applications. Any significant delay
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in the QFB feedback loop deteriorates its performance due
to the addition of timing jitter. FIG. 9 shows a preferable
basic circuit realization for the QFB DC-restorer of the
embodiment of FIG. 6. Referning to FIG. 9, transistors Q3
and Q4 form the slicer 18, while transistors Q5 and Q6
provide the positive feedback. The feedback loop 1s com-
pleted by buflers Q7 and Q8 and two RC low-pass filters
consisting of resistor-capacitor pairs R1-C1 and R2-C2
respectively (note that two filters are used due to the
differential configuration of the circuit). The same RC filters
are employed to realize the feed-forward high-pass filters
through their high-pass ports. This guarantees matching
between the cut-off frequencies of the high-pass and low-
pass filters. The high-pass ports are supplied by the differ-
ential input signal (in+, 1n—) which 1s fed to the circuit via
the bases of buffers Q1 and Q2. The output 1s taken from the
output of the slicer between terminals out+ and out-, as

shown 1 FIG. 9. This circuit can be used directly in the
block diagram of FIG. 6.

The circuits of FIGS. 10A and 10B are modified versions
of the circuit of FIG. 9, which provide for the option of
disabling (entirely or partially) the positive feedback around
the QFB loop. This 1s accomplished by adding a switch to
bypass (entirely or partially) the biasing current of transis-

tors Q5 and Q6. In either case, this 1s achieved by adding a
few transistors to the circuit of FIG. 9.

With the addition of transistors Q9 and Q10 1n the circuit
of FIG. 10A, the positive feedback 1s entirely disabled 11 the
disable control voltage, “disable”, 1s more than the threshold
voltage Vth. This alteration therefore makes the circuit of

FIG. 10A suitable for use 1n the block diagram of FIG. 7.

Alternatively, a portion of the biasing current can be
bypassed. This can be implemented by adding another
transistor to the circuit of FIG. 10A. FIG. 10B shows the
result, with transistor Q11 added to the circuit of FIG. 10A.
The resulting circuit can be used to implement the block
diagram of FIG. 8, in which partial disablement of the QFB
restorer’s positive feedback 1s desired, as already discussed.
In FIG. 10B the partial disablement of the feedback 1s turned
“on” when the disable control voltage, “disable”, 1s more
than the threshold voltage Vth. The extent to which the
teedback 1s disabled 1s determined by the relative emitter
arcas ol transistors Q10 and Q11, where the amount of
disablement equals the ratio of the emitter area of Q11
divided by the sum of the emitter areas of both Q10 and Q11.
As will be appreciated by those skilled 1n the art, by making
one or more of the emitter arcas of these transistors pro-
grammably variable, the circuit of FIG. 8B can be used to
provide variable amounts of partial disablement of the QFB
DC restorer feedback, as may be required.

Thus, the present mnvention uses and processes signals
which, typically, are already present in the receiver of a data
communication system to prevent the latch-up problem 1n
the QFB DC-restorer. This eliminates the overhead of the
start-up circuitry. The present mmvention further provides
means of preventing the latch-up problem by exploiting the
inherent potentials of the stages preceding the QFB, such as
the automatic gain control circuit. This approach again
reduces the overhead since such stages are usually present in
the system. As a result, the QFB DC restorer used in
accordance with the present invention becomes very simple,
and hence fast, since either no further latch-up precaution or
minimal further precautions are required.

The present invention makes further use of the bult-in
mute operation of the above embodiments to cut ofl the
output when there 1s no signal (or when there 1s a signal
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which 1s smaller than the minimum signal the system 1s
designed to handle) at the mput of the receiver. This built-in
mute function 1s very valuable, as serial digital data com-
munication systems usually require precautions to be taken
in order to avoid suflfering from unwanted outputs (such as
oscillations or amplified noise) which typically accompany
very small mnput signals. Moreover the present invention 1s
very attractive for use 1n high data rate commumnication
systems, since, while avoiding latch-up, 1t can still be
designed to mimmize delay, depending on the criteria of the
specific application.

While preferred embodiments of the present imvention
have been described, the embodiments disclosed are 1llus-
trative and not restrictive, and the scope of the mvention 1s
intended to be defined only by the appended claims.

I claim:

[1. A circuit for receiving an input signal and providing a
quantized output signal in response, said quantized output
signal being at either a first level or a second level, and said
input signal being substantially at either said first level or
said second level, said circuit comprising:

(a) an automatic gain control (AGC) circuit for providing
a gain signal which processes said mput signal to
output a controlled signal having a constant amplitude
at etther said first level or said second level, said AGC
circuit being operative 1n a first mode to provide said
gain signal in response to the difference between the
level of said controlled signal and the level of said
quantized output signal;

(b) a restorer circuit coupled to said AGC circuit for
receiving said controlled signal and for providing said
quantized output signal 1n response;

(c) a carrier detect circuit coupled to said AGC circuit and
having an iput for receiving said quantized output
signal, said carrier detect circuit providing a detection
signal for indicating the presence of a transition 1n the
level of said quantized output signal, said detection
signal being coupled to said AGC circuit;

such that during periods when said detection signal indicates
that there are transitions 1n the level of said quantized output
signal, said AGC circuit 1s operative 1n said first mode, and
during periods when said detection signal indicates that
there are no transitions 1n the level of said quantized output
signal, saild AGC circuit 1s operative in a second mode
wherein said gate signal 1s continually 1ncreased, at least to
a predetermined level.]

[2. A circuit according to claim 1 wherein when said AGC
circuit 1s operative 1n said second mode, said gain signal
increases 1n a substantially linear manner until said gain
value reaches said predetermined level.]

[3. A circuit according to claim 2 wherein said predeter-
mined level corresponds to a gain saturation level of said
AGC circuit.]

[4. A circuit according to claim 1 wherein said restorer
circuit comprises:

(a) a high-pass filter circuit for receiving said controlled
signal and providing a high-pass filtered controlled
signal 1n response;

(b) a low-pass filter circuit for recerving said quantized
output signal and providing a low-pass filtered quan-
tized output signal in response, said low pass filter
circuit providing a feedback path for said low-pass
filtered quantized output signal;

(c) a summer for adding said high-pass filtered controlled
signal with said low-pass filtered quantized output
signal to provide a slicer input signal; and
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(d) a slicer circuit for comparing said slicer input signal to
a slicer reference signal and providing said quantized
output signal at a slicer output terminal in response.]

[5. A circuit according to claim 4 wherein the time
constant of said high pass circuit and the time constant of
said low pass circuit are equal.}

[6. A circuit according to claim 5 wherein the voltage
swing of said controlled signal and the voltage swing of said
quantized output signal are equal.}

[7. A circuit according to claim 4 wherein said low pass
filter circuit includes a disabling circuit responsive to said
detection signal or a version thereotf, so that said disabling
circuit disables said feedback path during periods when said
detection signal indicates that there are no transitions in the
level of said quantized output signal.]

[8. A circuit according to claim 7 wherein said disabling
circuit comprises a feedback enable switch coupled between
said slicer output terminal and said summer, said switch
being operative 1n an open or closed position 1n response 1o
said detection signal or a version thereof.]

[9. A circuit according to claim 4 wherein said low pass
filter circuit includes a disabling circuit responsive to said
detection signal or a version thereof, so that said disabling
circuit partially disables said feedback path during periods
when said detection signal indicates that there are no tran-
sitions in the level of said quantized output signal.}

[10. A circuit according to claim 9 wherein said disabling
circuit comprises a feedback control amplifier coupled
between said slicer output terminal and said summer, said
teedback control amplifier having a feedback control gain
with a value 1n the range ot 0 to 1, said value corresponding
to the extent that said feedback path may be partially
disabled, said disabling circuit further comprising a feed-
back enable switch being operative, 1n response to said
detection signal or a version thereof, 1n a first position to
insert said feedback control amplifier in said feedback path
and 1 a second position to bypass said feedback control
amplifier in said feedback path.]

[11. A circuit according to claim 10 wherein said feedback
control gain value is changeable.]

[12. A circuit according to claim 1, 7, or 9 wherein said
carrier detect circuit comprises:

(a) a high-pass filter circuit for receiving said quantized
output signal and providing a high pass filtered quan-
tized output signal 1n response;

(b) a peak detector circuit for receiving said high pass
filtered quantized output signal and providing a peak
signal representative of the peak amplitude of said high
pass filtered quantized output signal 1n response; and

(¢) a comparator circuit for comparing said peak signal to
a carrier detect threshold signal and outputting said
detection signal in response.]

[13. A method for avoiding a latch-up condition in the
output of a digital data communication recerver which
receives an input signal and provides a quantized output
signal 1n response, said quantized output signal being at
either a first level or a second level, and said mput signal
being substantially at either said first level or said second
level, said receiver comprising an automatic gain control
circuit, a quantized feedback DC restorer circuit, and a
carrier detect circuit, said method comprising the steps of:

(a) processing the mput signal in response to a gain signal
to provide a controlled signal having a constant ampli-
tude at either said first level or said second level, said
gain signal being responsive in a first manner to the
difference between the level of said controlled signal
and the level of said quantized output signal;
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(b) restoring the DC and low frequency components of
said controlled signal to provide a quantized output
signal; and

(c) detecting the presence of a transition in the level of
said quantized output signal;

such that during periods when there are transitions in the
level of said quantized output signal, said gain signal is
responsive 1n said first manner, and during periods when
there are no transitions in the level of said quantized output
signal, said gain signal 1s responsive 1n a second manner
wherein said gain signal continually increases to at least a
predetermined value.]

[14. A method according to claim 13 wherein when said
gain signal 1s responsive in said second manner, said gain
signal increases substantially linearly until said gain signal
reaches said predetermined value.]

[15. A method according to claim 14 wherein step (b)
turther comprises the steps of:

high-pass filtering said controlled signal to provide a
high-pass filtered controlled signal;

low-pass filtering said quantized output signal to provide
a low-pass filtered quantized output signal;

adding said low-pass filtered quantized output signal to
said high-pass filtered controlled signal to provide a
slicer input signal; and

comparing said slicer input signal a slicer reference signal

and providing said quantized output signal in
response. ]

[16. A method according to claim 15 wherein said step of
low-pass filtering 1s disabled during periods when said
detection signal indicates that there are no transitions in the
level of said quantized output signal.]

[17. A method according to claim 15 wherein said step of
low-pass filtering 1s partially disabled during periods when
said detection signal indicates that there are no transitions in
the level of said quantized output signal.}

18. A circuit for receiving an input signal and providing
a guantized output signal in vesponse, said circuit compris-
Ing:

(a) an amplifier for providing a controlled signal in

response to said input signal and a gain signal;

(b) a restorer circuit coupled to said amplifier, said
vestorer circuit including an internal feedback path;

(¢) a carrier detect circuit having an input for receiving
said quantized output signal, said carrier detect circuit
providing a first detection signal and a second detec-
tion signal for indicating the presence of a transition in
the level of said quantized output signal;

(d) an automatic gain control (AGC) circuit coupled to
said amplifier, said restorer circuit and said carvier
detect civcuit for providing said gain signal in response
to said controlled signal, said quantized output signal
and said first detection signal; and

(e) a feedback disabling circuit coupled to said carrier
detect circuit and said restorver circuit for controllably
enabling and disabling said internal feedback path in
response to said second detection signal.

19. A circuit according to claim 18, wherein said rvestorver

circuit comprises.

(i) a high-pass filter circuit for veceiving said controlled
signal and providing a high-pass filteved controlled
signal in vesponse;

(i) a low-pass filter circuit for receiving said quantized
output signal and providing a low-pass filteved quan-
tized output signal in respomnse, said low-pass filter

12

circuit providing said internal feedback path for said
low-pass filtered quantized output signal,;

(iii) a summer for adding said high-pass filtered con-
trolled signal with said low-pass filteved quantized

5 output signal to provide a slicer input signal; and

(iv) a slicer circuit for comparing said slicer input signal
to a slicer reference signal and providing said quan-
tized output signal at a slicer output terminal in
response.

20. A circuit according to claim 19, wherein the time
constant of said high-pass filter civcuit and the time constant

of said low-pass filter circuit are equal.

21. A circuit accovding to claim 20, wherein said feedback
disabling circuit includes a switch coupled between said
slicer circuit and said summer, said switch having a first
state and a second state, wherein in said first state, said
switch is fully open to disable said internal feedback path
and wherein in said second state, said switch is fully closed
to enable said internal feedback path.

22. A circuit accorvding to claim 21, whervein said switch
is in said first state when said second detection signal does
not indicate the presence of a transition and is in said second
state when said second detection signal indicates the pres-

ence of a transition.
23. A circuit accovding to claim 20, wherein said feedback

disabling circuit includes a feedback control amplifier
coupled between said slicer circuit and said summer, said
feedback control amplifier having a gain between 0 and 1,
wherein said gain corresponds to the extent to which said
internal feedback path is enabled.

24. A circuit accovding to claim 23, wherein said feedback
disabling circuit further includes a switch coupled between
said slicer output and said summer, said switch being
coupled in parallel with said feedback control amplifier, said
switch having a first state and a second state, wherein in said
35 first state, said switch inserts said feedback control amplifier
into said internal feedback path and wherein in said second
state, said switch bypasses said feedback control amplifier
from said internal feedback path.

25. A circuit accorvding to claim 24, whevein said switch
is in said first state when said second detection signal does
not indicate the presence of a transition and is in said second
state when said second detection signal indicates the pres-
ence of a transition.

26. A circuit according to any one of claims 23, 24 or 25,
wherein said gain of said feedback control amplifier may be
varied.

27. A circuit according to claim 18, wherein said first
detection signal and said second detection signal are iden-
tical.

28. A circuit according to claim 18, wherein said second
detection signal is a version of said first detection signal.

29. A circuit according to claim 18, wherein said AGC
may be operative in a first mode when said first detection
signal indicates that there is a transition in the level of said
quantized output signal or in a second mode when said first
detection signal indicates that there is no tramnsition in the
level of said quantized output signal, and wherein in said
first mode, said gain signal corresponds to a difference
between said controlled signal and said gquantized output
60 signal and wherein in said second mode said gain signal is

continually increased, at least to a predetermined level.

30. A circuit according to claim 29, whervein said quan-
tized output signal may be at either a first level or a second
level and wherein said input signal is genervally at either said

65 first level or said second level.

31. A circuit according to claim 29, wherein when said
AGC circuit is in said second mode, said gain signal
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increases in a substantially linear manner until said gain
value reaches said predetermined level.

32. A circuit according to claim 29, wherein said prede-
termined level corresponds to a gain saturation level of said
AGC circuit.

33. A circuit according to claim 29, wherein the voltage
swing of said controlled signal and the voltage swing of said
quantized output signal arve equal.

34. A circuit according to claim 18 or 29 wherein said
carrvier detect circuit comprises.

(a) a high-pass filter circuit for receiving said quantized

output signal and providing a high pass filtered quan-
tized output signal in response;

(D) a peak detector circuit for receiving said high pass
filtered quantized output signal and providing a peak
signal vepresentative of the peak amplitude of said high
pass filteved quantized output signal in response; and

(¢) a comparator circuit for comparing said peak signal
to a carrier detect threshold signal and outputting said
detection signal in response.

35. A method for avoiding a latch-up condition in the
output of a digital data communication receiver which
receives an input signal and provides a gquantized output
signal in response, said quantized output signal being at
either a first level or a second level, and said input signal
being substantially at either said first level ov said second
level, said receiver comprising an automatic gain control
circuit, a quantized feedback DC restorer circuit, a carrvier
detect circuit, and a feedback disabling civcuit, said method
COmprising:

(a) processing the input signal in vesponse to a gain signal
to provide a controlled signal having a constant ampli-
tude at either said first level or said second level, said
gain signal being responsive in a first manner to the
difference between the level of said controlled signal
and the level of said quantized output signal,;

(b) selectively restoring the DC and low frequency com-
ponents of said controlled signal to provide said quan-
tized output signal by isolating said DC and low
frequency components in said quantized output signal
and summing said isolated DC and low frequency
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components into said controlled signal or a version
thereof through a feedback path which may be control-

lably enabled or disabled; and

(c) detecting the presence of a transition in the level of
said quantized output signal,

such that during periods when there are transitions in the
level of said gquantized output signal, said gain signal is
responsive in said first manner and said feedback path is
enabled, and during periods when there are no transitions in
the level of said quantized output signal, said gain signal is
responsive in a second manner wherein said gain signal
continually increases to at least a predetermined value and
said feedback path is at least partially disabled.

36. A method according to claim 35, wherein step (b) is
accomplished by:

(i) high-pass filtering said controlled signal to provide a
high pass filtered controlled signal;

(ii) selectively low-pass filtering said gquantized output
signal through said feedback path to provide a low-
pass filteved quantized output signal,

(iii) adding said low-pass filteved quantized output signal
to said high-pass filtered controlled signal to provide a
slicer input signal; and

(iv) comparing said slicer input signal to a slicer refer-
ence signal and providing said quantized output signal
In response.

37. A method according to claim 36, wherein when said
gain signal is vesponsive in said second manner, said gain
signal increases substantially linearly until said gain signal
reaches said predetermined value.

38. A method according to claim 36, wherein said feed-

back path is partially disabled during periods when said
detection signal indicates that theve are no transitions in the
level of said quantized output signal.

39. A method according to claim 36, wherein said feed-
back path is completely disabled during periods when said
detection signal indicates that theve are no transitions in the
level of said quantized output signal.
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