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signal that is réceived. 2. RELEVANT BACKGROUND . Manchest er encoded
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This invention relates to improvements in methods and
apparatuses for decoding noisy, intermittent data, such as
Manchester encoded data, or the like, and additionally relates
to methods and circuits havirlq multiple modes of operation
depending upon the data signal that is received.

2. RELEVANT BACKGROUND ) .

Manchester encoded data is useful for i'e_liably transmitting
telemetyy and other types of data. Typically, for example, a
Manchester encoded data stream may be generated from an encoded
telemetry data stream, which may be, for example,‘a binary'
nonreturn-to—zero. (BNRZ) encoded signal (or data stream encoded’
by another similar technique), known in the art. Upon receiving
the Manchester encoded signal, the signal is decoded to recover
the original BNRZ encoded signal. One of the problems inherent
in data transmission by any means, especially via radio
frequency transmissions, is that the signal becomes noisy,
accumulating static, or other rf signals or noise. This makes
decoding the Manchester signal difficult to reliably perform.

Manchester encoding, which is widely used in data transmis-
sion and taleinetry fields, defines data states of the signal to
be encoded by the direction of midpoint transitions in an encod-
ing signal, which will become the Manchester encoded data
stream. The Manchester encoded data stream has time sequential
“cells” of equal duration. At the midpoint of each cell, the
data changes state in a direction that indicates the state of
the signal to be encoded.

Thus, for example, a transition from a high to low logic
state indicates that the signal to be encoded is in a logic low
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the data changes state in a direction that indicates the state
of the signal to be encoded.. Thus, for exanple,
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state. On the other hand, a transition from a low to high logic
state indicates that the signal to be encoded is in a logic high
state. Of course, at the end points of each cell, the stata of
the signal that will form the Manchester encoded data stream
must be set up or established to enable the next midpoint
transition. Thus, if a logic zero is to be encoded, the signal
that will form the Manchester encoded data stream must be in an
initial logic high state so that the midpoint transition from
high to low can be realized. Alternatively, if a logic one is to
be encoded, the signal that will form the Manchester encoded
data stream must be in an initial logic low state so that the
nidpoint transition from low to high can be realizea.

It can therefore be seen that if a series of logic states
that are the same are encoded, the resdlting Manchestér encoded
signal will.be a square wave of period equal to the length of
the cell. On the other hand, if a series of alternate logic ones
and zeros are to be encoded, the resulting Manchester encoded
signal will be a square wave of period equal to twice the length
of the cell.

Various methods .for decoding Manchester encoded data have
been proposed. One popular technique is to use a phase locked
loop circuit. In practice, however, sometimes. a Manchester
encoded signal is formatted to provide a “wake up”

by the actual data. Since the wake up sequence is so short, only
10 data cells, the circuit might not lock and might drift during
the short dead time. Thus, the commonly used phase locked loop
decoding technique cannot be used.

Other decoding techniques employ'analog and.diqital matched
filters, ntegrate and dump schemes, and highly over sampled
digital signal processing techniques:. Long synchronization time

atransition froma
to be encoded is in a

sequence, -
such as ten data cells, followed by a short dead time, followed
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In 1ight of the above, therefore, it is an object of the
invention to provide an improved circuit . and method for
Manchester data decoding and timing recovery. - * ’

It is another object of the invention to provide an
improved circuit and method of the type described that has
various modes of operation, depending upon the nature of the
input signal.

It is another object of the invention to provide an
improved circuit and method of the type described that has a
“wake up” mode of. operation in which no output is produced until -
a predetermined sequence of Manchester data is received.

It is another object of the invention to provide an
improveda circuit and method.-of the type described that has a
“hold” mode in which a predetermined dead time period may occur
in which no Manchester data is received, and during which the
biases of the circuit are maintained.

These and other objects, features and advantages of the
invention will be apparent to those skilled in the art from the
following detailed description of the invention, when read in
cc_)njunction with the accompanying dr_awings and appended clainms.

elirioa _W.k,{?!xi 16
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3 and hi gh conponent count preclude the use of nost of these schenes.
one™ ret hod t hat has been proposed enploys a gating circuit that responds to
the md-cell transitions in a Manchester encoded waveformtoQ_ praoduce—ahn
enabl i ng signal. The enabling signal causes a clock CInglsﬂEEﬂ'diKBE‘BEE% e
hi gh®frequency cl ock pul ses, which are accunul ated in pngpgnngble
counter. If the counter exceeds a clock count thresholdlbe+ewe—tte
begi nning of the follow ng enabling signal, a storageelement is caused to
sanpl e and store the encoded waveform SUNNARY OF THEIT%&QE&ENB&mNWW

| i ght of the above, therefore, it is an abject of the in V|de
an inproved circuit and nethod for Manchester data dec
recovery. It is another .object of the invention to e an |nproved

circuit and nethod of the type described that has
According to a broad aspect of the invention, an apparatus

for decoding a Manchester encoded data stream is provided. The
apph;atus includes a transition detector for receiving the
Manchester encoded data stream to produce a transition
indicating output when a transition of the Manchester encoded
data stream is detected. Also, a circuit is provided to generate
an output control pulse a predetermined time after the
transition indicating output is produced. A sampling £lip~flop
receives the Manchester encoded data stream, and is controlled
by the output- control pulse to output a state of the Manchester _
encoded data when the output control pulse is generated.

In a preferred embodiment, the sampling flip-flop operates
to generate a binary NRZ form of the Manchester encoded data
stream. The transition detector may be configured to s§nchronizg
the transition indicating output with a pulse of a clock pulsé
stream, and also may include a phase selector to select either
the first or second symbol of ﬂanchester data for latching and
outputting from the apparatus. )

According to another broad aspect of the invention, a wake
up circuit for initiating operation of.a Manchester encoded data
detector from a quiescent state in response to a Manchester data
wake up sequence in an input signal‘ is provided. The circuit
includes a low pass filter circuit and hold circuit which is
initially off to receive the input signal when the
Manchester encoded data detector is in the quiescent state. The
low pass filter circuit produces an output signal corresponding
to the average value of the input signal. An offset circuit
which is initially on shifts the low pass filter output signal
to produce a voltage reference. A comparator circuit produces a
data output signal corresponding to the difference between the
voltaée reference and the input signal. A circuit is provided .
for determining the time between transitions in gk?comparator



vari ous nodes of operation, depending upon the nature of the input signal.
I't “i-s anot her object of the invention . to provide an inproved circuit and
nmet hod of the type described that has a "wake up" node of operation in
whi ch no output is produced until a predeterm ned sequence of Manchester
dat’@ i s received. It is another object of the invention to provide an
i nproved circuit and nethod of the type described that has a "hold" node
in which a predeterm ned dead tinme period may occur in which no Manchester
data is received, and during which the biases of the circuit are

mai nt ai ned. These and ot her objects, features, and advantages of the
invention will be apparent to those skill%ed in the art fromthe follow ng
detail ed description of the invention, when read in conjunction with the

acconpanyi ng draw ngs and appended cl ai ns. According to
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circuit on after a second longer predetermined time, and the
hold circuit off immediately ' after any transition. A
differential circuit produces an amplified input signal, and a
circuit is provided for detgrm;ning if a predetermined number of
data cells have been sequentially received with respective
predetermined states within the data output signal of the
comparator. circuit to selectively switch the offset circuit off.

The wakeé up circuit may also include a differential
amplifier having inverting and noninverting inputs and an
output. Also, the comparator circuit may include a first
capacitor connected between the inverting input and a reference
potential, and a second capacitor connected ‘between ther.
noninverting input and the reference potential. A first resistor
may be connected between the input signal and the inverting
input so that the voltage at the inverting input corresponds to
the average value of the input signal.

The offset circuit may also include a first resistor
connected between the inverting input of the differential
amplifier and a voltage reference, a second resistor connected
between the noninverting input and the input signal. A switch
may be connected in series with thp first resistor to turn the
offset circuit on so that the voltage at the inverting input
corresponds to the average value of tl:xe input signal plus an
offset voltage. The output S of the differential -
amplifier produces the data dSutput signal corresponding to the
difference between the average value of the input signal pulse
offset voltage and the input signal whén the first switch is
closed.

‘ The comparator circuit may also include a second switch in
series with the first resistor so that when the second switch is
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-4- timed phase with the pulse for each transition of the Manchester
encoded data.The Manchester ‘encoded data is then latched at

each occurrence of the sampling signal an output of the latched

data is produced. An adaptive threshold detection is used to
receive the Manchester encoded data with enhanced . noise
immunity. The step of using adaptive threshold detectic;n, in one,
embodiment, includes providing a plurality of operating modes at

a data input stage of a decoding circuit, such as a “steady-

state” mode and “offset” mode of operation. In one embodiment,

a “wake-up” mode of operation is provided.

According to yet another broad aspect of the invention, a
timir}g recovery and Manchester data decoding system is
presented. The system includes an. oscillator providing output
pulses and a multimode input circuit connected to receive a
input signai that may contain a Manchester encoded data signal
and to output a data containing signal. A transition detector is
connected to receive the output signal frbm the multimods input
circuit for generating a Manchester transition indicatihg pulse
at every Manchester data transition. A counter synchronized by
‘Manchester transitions circuit is connected to divide the output
pulses from the oscillator by a predetermined count to produce
output pulses starting' a predetermined number of oscillator
pulses after a Manchester data transition. A divide-by-2 circuit
is connected to receive the pulses from the counter circuit to



5 output signal to selectively switch the hold circuit on after a first
predetermned tine, the hold circuit of f and offset circuit on after a
second | onger predeternmined time, and the hold circuit of f inmediately
after any transition. A differential circuit produces an anplified input
signal, and a circuit is provided for determning if a predet erm ned nunber
of data cells have been sequentially received with respective predeterm ned
states within the data output signal of the conparator. circuit to
selectively switch the offset circuit off. The wake up circuit may
also include a differential anplifier having inverting and noninverting

i nputs and an Qutput. Also, the conparator? circuit may include a first
capaci tor connected between the inverting input and a reference potential,
and a second capacitor connected between the noninverting input and
the refer encoeperate il sanplii commandi signalnayarie < osagling kakseen iHe

i nput si gnal caffledttA tbMeRelivB%he output from the divide-by-2 circuit and

the Manchester encoded data to latch the state of the Manchester
encoded data in response to the output from the divide-by-2
circuit. i

In one embodiment, t};e_ timing recovery and Manchester data
decoding system may also include a mode decoder circuit, which
may be a logic gate array or similar circuit, connected to
receive the output count from the counter circuit to provide
outputs on preselected counts of the output count from the
counter circuit. Also, a mode control circuit may be connected
to receive at least some of the outputs of the mode decoder
circuit, the mode control circuit being connected to selectively
control the mode of the multimode input circuit. - v

The timing recovery and Manchester data decoding system may
also include an output control circuit connected to receive the
data latched by the sampling circuit and the transition
indicating pulses for producing an NRZ output data signal and
output timing pulses, and, if desired, a circuit to delay the
output timing pulses by one half cycle of the oscillator
frequency.

The multimode input circuit in one embodiment has a
“steady-state” mode in which a signal that contains a Manchester:
encoded data stream is processed and an output binary NRZ signal
. is produced at the output, an “offset” mode during which the
’ occurrence of a wake up Manchester data sequence is needed to

cause the circuit to “wake-up” to assume and resume the “steady-
state” operating mode, and a “hold” mode during which circuit
biases are maintained even though steady-state mode Manchester
encoded data is not being received.

The multimode input circuit may include a comparator with
inverting and non-inverting inputs, with a first resistor by



I nput so that the voltage at the inverting input corresponds to the average
value of the input signal. The offset circuit may al so include a first
resi stor connected between the inverting input of the differential

anplifier and a voltage reference, a second resistor connected between the
noni Averting input and the input signal. A switch nay be connected in
series with the first resistor to turn the offset circuit on so that the
voltage at the inverting input corresponds to the average val ue of the

i nput signal plus an offset voltage. The out put of the

differential anplifier produces the data output signal corresponding to the
di fference between the average val ue of tthe I nput signal pul se offset

vol tage and the input signal. when the first switch is closed. The
conparator circuit may also include a second switch in series with the
first resi swaicscthehdhpubesignad s=cmmiestéed dio ithe non-inverting iipused and

the first swphch ssc&{ae&%gasw@ thﬂﬁ"choi:héhﬁn&ié fRRaLi 8k apPlida €
produces t hef‘:han}.)xln}efrltgng inpuef‘:r eﬂctstir%t res{'stor is connected at one end to
the inverting input of the comparator. A first switch function
is connected in series with the second resistor, and a second
switch function is connected between another end of the third
resistor and a referencervoltage. A first capacitor is connected
between the inverting input of the comparator and ground, and a
" second capacitor is connected between the non-inverting input of
the comparator-and ground. The first and second switch functions
are controlled by the mode control circuit..

‘According to still another broad aspect of the invention,
an apparatus for producing an NRZ data siqnal corresponding to
second half states of Manchester cells in a Manchester data
stream is provided. The apparatus includes an oscillator to
produce a stream of clock pulses and a pulse generator connected
to receive the Manchester data stream for .generating an output
pulse at each transition in the Manchester data stream. A
divide-by-n counter is connected to be clocked by the clock
pulses from the oscillator and reset by pulses from the pulse
dgenerator, the divide-by-n counter having an output that changes
state after a predetermined number of the clock pulses. A timing
flip-flop is connected to be clocked by the output from the
divide-by-n counter, the flip-flop being connected to produce an
output on every second count of the output from the divide-by-n
counter. A sampling flip-flop is connected to receive the
Manchester data stream on a“"data input and an output of the
timing flip-flop on a clock input. The sampling flip-flop
provides the then existing state of the Manchester data stream
at an output when the sampling flip—lflop is clocked. A sequence
counter is connected to receive the output of the divide-by-n
counter on a clock input and the output pulses from- the pulse

“e A



t he i nput signal and the average val ue of the input signal. Accor di ng
to still another broad aspect of the invention, a nethod is provided for
decodi ng Manchester encoded data to produce an nonreturn to zero binary
representation of the data. The nethod includes producing a pul se for each
tranSition of the Manchester encoded data, and generating a sanpling signal
in timed phase with the pulse for each transition of the Manchester encoded
data. The Manchester encoded data is then'|atched at each occurrence of the
sanpling signal an output of the |latched data is produced. An adaptive

t hreshol d detection is used to receive tie Manchester encoded data with
enhanced noise imunity. The step of using adaptive threshold detection

i ncludes providing a plurality of operating nodes at a data input stage of
a decoding circuit, such as a "steady- state" node and "offset" node of
operation. |gemswaterbemi nentresaet" viaipaty p"whmedyofthepeseduentce scourterded.
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osci | | at or pl?aovicﬁgﬁ S5at pthe pIAMRd 2R REMVTTSHe it FRRi P ihect ed
to recei ve af3¥nfdoBignal that may contai n-a Manchester encoded data signal
and to out put a decardimi aionyaty anaphelr. bAcad saxpeicitOarf detiee Cinvientsonpranect ed

to receive tR&HYE RUE SiddRind "4 vRECaLRY Qiggﬂf Leepbhd £ tof SEates

generating a %/anc ester transitign i ndicatli Manchest er
n-

se al ever

data transit? TBY 8 nﬁ%rﬁ%ﬁeﬁaﬁgﬁ’es ra tlﬁﬂﬂ{eﬁtﬁﬁsdﬁ? cuit
i s connect edstxeall isdpreasentedi The pethosts ihcludeshhe sslidpsaod generating
predeterm ned epaRditionPpAtlse Ca®Ubdui tHinETE16A 24K | Bk AMdHRERLRE ThRe4l

i b by- o Ehredlly oR cafheeall, 3 UGN T o P BV hav st e
circuit to frequency n times a frequency ofgthe Manchester cells in the
° °  Manchester data stream. The series of timing pulses is restarted
in response to each transition pulse, and a current state of a
Manchester cell is latched upon the occurrence of each n® timing,
pulse, wherein m greater than n/2. The timing pulses are
concurrently counted to provide a timing pulse count, the count
being restarted in response to each transition pulsae. If the
timing pulse count becomes greater than n/2, the latching is
advanced to latch the Manchester data stream upon the next (n/2)*
occurring timing pulse.

In still yet another broad aspect of the invention, a
method_ for producing an NRZ data signal corresponding to second
half states of Manchester cells in a Manchester data stream is
_presented in which a series of timing pulses having a fi:eqnency
twice the frequency of the Manchester cells in the Manchester
data stream is generated. A current state of a Manchester cell '
is latched upon the occurrence of each second timing pulse. The
occurrence of a double wide pulse in the Manchester data stream
is detected, and the latching is resynchronized to begin on a

next occurring timing pulse after the double wide pulse has been
detected. ' '



7 generate a sanple command signal, and a sanpling circuit is connected
to receive the output fromthe divide-by-2 circuit and the Manchester
encoded data to latch the state of the Manchester encoded data in response
to the output fromthe divide-by-2 circuit. I n one enbodi nent, the
timhng recovery and Manchester data decodi ng system may al so include a node
decoder circuit, which may be a logic gate array or simlar circuit,
connected to receive the output count fromthe counter circuit to provide
out puts on presel ected counts of the output count fromthe counter circuit.
Al so, a node control circuit may be connegged to receive at |east sone of
the outputs of the node decoder circuit, the node control circuit being
connected to selectively control the node of the nultinode input circuit.

(0] D! G

The invention is illustrated in the accompanying drawings,
in which:

FIGURE 1 shows a typical Manchester data stream and a
nonreturn to zero data -stream derived therefrom using the timing
recovery and decoding system, - in accordance with a preferred
embodiment of the invention.

FIGURE 2 is an electrical block diagram of a general system
for decoding Manchester data, illustrating, in conjunction with
the various waveforms shown in FIGURE 3, the overall operation

_ - of the system and the mechanism for synchronizing the system to
detect a predetermined half of each Manchester data cell, in
accordance with a preferred embodiment of the invention.

FIGURE 3 shows a series of waveforms genefated in the.
operation of the ‘circuit of FIGURE 2, showing the manner by
which the system automatically identifies the existence of valid
Manchester data, and by which the system decodes it.

FIGURE 4 is an electrical block diagram of a system for
decoding Manchester data similar to that of FIGURE 2, with
additional short and long dead time detection features and with
long term sleep and wake-up capabilities, in accordance with the
invention.

FIGURE 5 is a more detailed electrical schematic block

diagram showing a timing recovery and. decoding system for
Manchester encoded data or the 1like,

preferred embodiment of the invention.

.FIGURE 6 is an electrical schematic diagram of an

oscillator for use in the timing recovery and decoding system of
FIGURE 5.

in accordance . with a

FIGURE 7 is an electrical schematic diagram of a transition

detector for use in the timing recovery and decoding system of
FIGURE 5.



The tim ng recovery and Manchester data decodi ng system may al so include an
output control circuit connected to receive the data | atched by the
sanpling circuit and the transition indicating pulses for producing an NRZ
out put data signal and output timng pulses, and, if desired, a circuit to
delay the output timng pul ses by one half cycle of the oscillator

. frequency. The multinmode input circuit in one enbodinent has a
"steady-state” node in which a signal thapf contains a Manchester, encoded
data streamis processed and an output binary NRZ signal is produced at the
output, an "offset” node during which the occurrence of a wake up
Manchest er data sequence is needed to cause the circuit to "wake-up" to
assurme and resune the "steady- state" operating node, and a "hold" node
during which circuit biases are maintained even though "steady-state" node
Manchest er encodEZGURE:Bais anneledtriog) rsechemailt diagranhe artkangivdeni nput

circuit maychfiteydeod UTRAM 8he' tMing rbO3RIry RHa2aEcdMiNy! ey Bg | NPUtS,
with a f'rsgxééﬁﬁ §Eor by
FICURE 9 is an electrical schematic diagram of a divide by

P two circuit for use in the timing recovery and decoding system
of FIGURE 5.

FIGURE 10 is an eleci:ri.ca_]. schematic diagram of a mode
decoder circuit for use in the timing recovery and decoding
systen of FIGURE 5.

FIGURE 11 is an electrical schematic diagram of a pulse
generator circuit for use in the timing recovery and decoding
system of FIGURE 5.

FIGURE 12 is an electrical schematic diagram of a mode
control circuit for use in the timing reéovery and decoding,
system of FIGURE 5. )

FIGURE 13 is an electrical schematic diagram of a
transition counter circuit for use in the timing recovery and
decoding system of FIGURE 5. ) .

FIGURE 14 is an electrical schematic diagram of an output
circuit for delivering an NRZ data oudtput and accompanying
timing or trigger pulses that have been derived from the input
data stream that contains Manchester encoded data, for use in
the timing recovery and decoding system of FIGURE 5.

FIGURE 1-5_ is an electrical schematic diagram of a test mode
select circuit for use in the timing }.'ecovery and decoding
system of FIGURE 5. _ '

FIGURES l6a~-c are illustrative electrical waveforms showing
the output signals from the threshold detector circuit of FIGURE
15 in each of the operating modes of the timing recovery and
decoding system of FIGURE 5.



8 which the input signal is connected to the non-inverting input, and a
secand resistor by which the input signal is applied to the inverting
input. Athird resistor is connected at one end to the inverting input of
the conparator. A first switch function is connected in series with the
second resistor, and a second switch function is connected between anot her
end of the third resistor and a reference voltage. A first capacitor is
connected between the inverting input of the conparator and ground, and a
second capacitor is connected between the non-inverting input of the
conparator- and ground. The first and s@a@ond switch functions are
controlled by the node control circuit. According to still another
broad aspect of the invention, an apparatus for producing an NRZ dAta
signal. corresponding to second half states of Manchester célls in a
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numerals are used to denote like or similar -parts.

Figure 1 shows an example of Manchester encoded data. The
waveform 10 has a sequence of equal length data cells 12 - 22,r
with each cell representing a bit of corresponding binary'data.
There are transitions at the nidpoint of every cell, which
divide the Manchester data cells into two intervals or symbols.
Positive going mid-cell transitions, such as the transitions 25,
represent binary 1’s; negative going mid-cell transitions, such
as the transitions 26, represent binary 0’s.

A constant series of 0’s or a constant series of 1’s
produce identical square waves with pulse widths equal to a
symbol time and periods equal to a cell time, such as the cells
12 - 15 or the cells 20 - 22. The waveforms differ only in
phase. They cannot be distinguished without other information
such as whether two adjacent symbols are in the same cell or are
in adjacent cells, or, equivalently, whether a transition is at
mid-cell or at a cell boundary. c

In contrast to constant.l's or constant 0’s, the Manchester
representation of alternate 1’s and 0’s is not ambiguous. A “10”
results in a two symbol wide Manchester high, such as
represented by cells‘ls and 17, and a “01” produces a two symbol



at an output when the sanpling flip-flop is clocked. A sequence counter is
conmected to receive the output-of the divide-by-n counter on a clock input
and the output pulses from the pul se

9 __ generator on a reset input, whereby the sequence counter produces a

si gnal indicating when a doubl e wi de Manchester pul se has occurred, the
signal being connected to reset the timng flip-flop. According to yet
anot her broad aspect of the invention, a nethod for producing an NRZ data
signal corresponding to states of a known half of each Manchester cell in a
Manchester data streamis presented. The nethod includes the steps of
generating a transition pulse.at each tr@gnsition in the Manchester data
stream and generating a series of timng pulses having a frequency n times
a frequency of the Manchester cells in the Manchester data stream The
series of twidag¥poghastersloest swehechs represented by cells 17 and 18,

These double wide pulses always straddle a cell boundary, and
thus provide a basis for orienting the timing reference, which
is used in the implementation of one circuit embodiment of the
present invention. Once the timing reference is established,
single wide pulses representing constant data can be correctly
decoded. R

‘A general electrical blockidiagram of a system 400 for
decoding Manchester data is shown in Figure 2, in which the
overall operation of the system is illustrated in conjunction
with the various waveforms shown in Figure 3. Timing for the
system is provided by an oscillator 35, which produces a stream
of clock pulses, labeled “SCLK,” as seen in Figure 3. The
Manchester data stream to be decodeqd, denoteé MDAT, ‘1:.5 brought,
into the system 400 on an input line 88, decoded data, denoteci
DOUT, is outputted from the system on line 255, and decoded
timing, denoted TRIG, is outputted on line 259.

The Manchester data is initially connected to the input of
a transition triggered one-shot pulse generator 45 (referred to
herein as the transition detector 45), which generates a single
output pulse at each positive or negative going data transition,
the output pulses being denoted M2DAT on line 83. Representative
waveforms for MDAT and M2DAT are shown in Figure 3. It can be
observed from Figure 3 that MDAT is not necessarily synchronous
with the cléck pulses SCLK from the oscillator 35, but that a
M2DAT pulse exists at each transitioh of MDAT.

The M2DAT output signal from the transition detector 45 on
line 83 is connected to clear or reset a divide-by~5 counter 75,
which is connected to be clocked by the clock pulses SCLK from
the oscillator 35 on line 87. The divide-by-5 counter 75 has
various separate outputs for each count, the output for count 3
(herein “the count-3 output”) being'connected to clock a D-type

-~



in response to each transition pulse, and a current state of a Manchester
cell- is |l atched upon the occurrence of each nferr] timng, pulse, wherein
greater than n/2. The tim ng pul ses are concurrently counted to provide a
timng pulse count, the count being restarted in response to each

transition pulse. If the timng pulse count becones greater than n/2, the
| atching is advanced to |atch the Manchester data stream upon the next
(n/2)ferr] occurring timng pulse. In still yet another broad aspect
of the invention, a nethod for producing an NRZ data signal corresponding
to second half states of Manchester cell34in a Manchester data streamis
presented in which a series of timng pul ses having a frequency tw ce the
frequency of the Manchester -cells in the Manchester data streamis
generated. A current state of a Manchester cell is |atched upon the
occurrence &Ripaglor dd§ndand nthey oytpuk. forhcoyptuf residy cpnpegkashbacki de
pul se in t haoVhaesdteher tkrisd t3bh aitectoti ofCTRE, cvaopiitt frrord &hehdiviides

h ' &t ' ' | g t bl
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is twice the expected frequency of the Manchaester data
signal MDAT.

In normal operation, the D-type flip-flop 105 clocks a
sampling D-type f£lip-flop 120 at each second transition of the
2XCK signal, corresponding to the .second half of the detected
Manchester cell. Since the output of the divide~by-2 D-type
flip-flop 105 is connected to clock the sampling D-i:ype £flip- .
flop 120, whenever the signal SSMS from the D-type flip~flop 105
changes state from negative to positive, the sampling D-type
flip~-flop 120 clocks the state of the then existing Manchester
data on line 88 to the output, DOUT, on line 255. *The sampling,
D-type flip~-flop 120, therefore, produces an NRZ data output ,‘
DOUT, on line 255, replicating the state of the Manchester data
from each successive time that the D-type flip-flop 120 is
clocked, )

It will be appreciated that if appropriate synchronizing
precautions were not taken, it would be possible for the system
to lock onto a data decoding sequence of 2XCK pulses that
correspond to the timing of the first half of the Manchester
data cells. Thus, the count-3 output from the divide-by-5
.counter is also connected to clock a sequence counter 402. The
sequence counter 402 operates to count a prédetermined number of
transitions of the 2XCK signal before being reset by the M2DAT
signal on line 83. For example, in the embodiment illustrated,
two transitions of the 2XCK signal are counted before the count-
2 output of the sequence counter 402 produces a state change.
Therefore, the output from the count=2 output of the sequence
counter 402 provides a signal DB2INI on line 107 that indicates



Oa Accordi ng anot her aspect of the invention, there is provided an
apparatus for decoding a Manchester encoded data stream conpri sing: a
transition detector for receiving the Manchester encoded data streamto
produce a transition indicating output when a transition of the Manchester
encoded data streamis detected: a circuit to generate an output control
pul se a predetermined tinme after said transition indicating output in

pr oduced; a sanpling flip-flop receiving the Manchester encoded data
stream controlled by the output control pulse to output a state of the
Manchest er encoded data when said outputjgontrol pulse is generated, said
apparatus further conprising a clock generator for generating a clock pul se
stream at a frequency higher than said Manchester encoded data stream,
wherein said transition detector is connected to receive said clock pul se

stream and WereqRrEanee (9% isidoubhe qeide (R ses inokhe gianahesgesydtaoni ze
t he transitamh sexrsiesate npsett phe divideaby+d De-tybestilip-dlopklpsl se stream

As mentioned, in the embodiment illustrated, the second
half of the Manchester cell is desired to be sanmpled.
Consequently, an orientation process is initiated by detecting
when two consecutive 2XCK pulses occur during a single state of
MDAT pulse (i.e., a state‘ in‘ which a midpoint transition is
expected, but does not occur). More particularly, with reference
to Figure 3, whenever two consecutive 2XCK pulses occur without
an intermediate Manchester data state change, indicating a
“double-wide” Manchester data pulse has occurred, such as the
pulse 404 or  the pulse 426, the output DB2INI on line 107
changes state to clear the D-type flip-flop 105 to synchronize
the system to the second half of each Manchester dati cell. ,

: For example, the first MDAT pulse 404 shown is a “double-
wide” pulse, produced, for instance, by a “01” or “10” value of
the data represented by the Manchester signal to be decoded. The
double~-wide pulse produces transitions 406 and 407 in the M2DAT
signal at - its -.respective positive and negative going
transitions. The first M2DAT pulse 406 .resets the divide-by-5
counter, which proceeds to count clock pulses SCLK. It also
resets the sequence counter 462. The output 2XCK on the count-3
output stays low, as shown by the signal segment 410, until
three clock pulses have occurred; at which time the count-3
output is set. The count-3 output stays high for two additional
counts, shown by the pulse segment 411, until the divide-by-5
counter reaches. the count of ‘5.

At that time, since no state change has occurred in the
Manchester data pulse 404, no transition detecting:pulse was
generated inh the M2DAT stream, so the divide-by-5 counter
proceeds to immediately count a new data sequence. After the
second count of 3, the output of the divide-by~-5 counter changes



10 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is illustrated in
t he acconpanyi ng drawi ngs, in which: FIGURE 1 shows a typica
Manchester data stream and a nonreturn to zero data stream derived
therefromusing the timng recovery and decoding system in accordance with
a preferred enbodi ment of the invention. FIGURE 2 is an electrica

bl ock di agram of a general system for decoding Manchester dat a,
illustrating, in conjunction with the various wavefornms shown in FlI GURE 3,
the overall operation of the system and the mechani smfor synchronizing the
systemto detect a predeterm ned half of Each Manchester data cell, in
accordance with a preferred enbodi nent of the invention. FI GURE 3
shows a series of waveforns generated in the operation of the circuit of

FI GURE 2, showing the manner by which the systemautomatically identifies

t he existence of valid Manchester data, and by which the system decodes it.
FIGURE 4 i s atatal,echewiaby btheclkXdKadatan siireams gegmemtsor 14leandli 41, Manchest er

data sim | ar adfieiBadigf, SHddd ne seffhidndeaslintefNR2 4O Motarebekpngedead time
detection feg % re‘h %hgfongnt%g?séjﬁgg mqnwalgﬁ‘eup Q@aoap&léf; i €s, in -
accordance w ﬁ e fnvention Nl

ectrlcal
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Manchester pulse, the next occurring state change will be a
proper midpoint transition. Thus, when the DB2INI pulse resets
the divide-by-2 D-type £lip-flop 105, upon the occurrence of the
next occurring 2XCK signal, the divide-by-2 D-type £lip-flop 105
generates an—SSMs signal, assured to be in the second half of
the Manchester call, to clock the sampling D-type flip-flop 120,
thereby synchronizing the system to sample the second halves of
subsequently occurring Manchester data cells. . .

Still more particularly, as shown, following tHe Manchester,
data pulse segment 404 the Manchester data signal experiences a
midpoint transition to segment 426 prior to the next count of 3
SCLK pulses in segment 418 of the 2XCK signal. This causes a
transition indicating M2DAT pulse 407 to be generated, which
resets the divide-by-5 counter and starts a new count. The next
occurring 2XCK pulse 419, which occurs in the second half of the
Manchester data cell timing, clocks the D-type flip-flop 105,
which in turn clocks the sampling D-type flip-flop 120, which _ -
samples and latches the Manchester data existing at that time.

It should be appreciated that although the timing of the
2XCK pulses have been described as being twice that of the
Manchester §ata cells, any multiple, n, may be selected, with
appropriate adjustment to the dividers to select the particular
2XCK pulse that occurs during a second half of each Manchester
cell. The resetting adjustment provided by the sequence counter
may be also qhanged ta reset the outéut latch to select an
appropriate rumber of pulses by which to activate the latching
function, for example, n/2.




preferred enbodi nent of the invention. FIGURE 6 is an electrica
schematic diagram of an oscillator for use in the timng recovery and

decodi ng system of FI GURE 5. FIGURE 7 is an electrical schematic
diagram of a transition detector for use in the timng recovery and
decodi ng system of FI GURE 5. FIGURE 8 is an

el ectrical schematic diagramof a transition counter for use in the timng
recovery and decodi ng system of FI GURE 5. FIGURE 9 is an electrical
schematic diagramof a divide by two circuit for use in the timng recovery

and decodi ng system of FlI GURE 5. FIRURE 10 is an electrical schematic
di agram of a node .

At the same time as the data is generated on output line
255, trigger pulses that are synchronized with the clock pulses
SCLK on line 87 are generated on the output line 257, labeled
TRIG. The relationship of each TRIG pulse to the rising edges of
the pulses SSMS can be seen in Figure 3.

An .electrical block diagram of a system 430 for decoding
Manchester data similar to that described above with reference
to Figure 2 is shown in Figure 4 to which reference now is made.
The system 430 shown in Figure 4 has additional short and long
dead time detection features and long term sleep and wake-up
capabilities provided by a short dead time register 431 and long
time register 432, The short and long dead time registers serve
to adjust the thresholds of the input Manchester data
conditioning circuit 41 and to disable the outputs of the systen
430 when no Manchester data is detected for a predetermined
length of time. The operation of the short and long dead time
features of the system 430 are described below in detail.

Additionally; the system 430 of Figure 4 includes a sleep
and wake-up feature provided by the long dead time register and-
a separate v}ake-up counter 165. The operation of the sleep and
wake-up feature are also described below in detail.

Referring now to FIGURE 5, ‘a more detailed block diagram of
a timing recovery and Manchester data decoding system 34 is’
shown, in accordance with a preferred embodiment of the
invention. A 50 kHz free rum{ing oscillator 35 provides the
basic timing reference to the remainder of the circuitry. The
oscillator 35 may be of standard construction, details of one
embodiment of which being. shown in Figure 6. Although ‘the
oscillater 35 is shown constructed of discrete logic components,
such as the cross-coupled NAND gates 39 shown, the oscillator
function can be provided by well known SAW devices, or other
suitable oscillator devices or circuits (not shown).



decoder circuit for use in the timng recovery and decodi ng system of

FI GURE 5. FIGURE 11 is an electrical schematic diagram of a pul se
generator circuit for use in the timng recovery and decodi ng system of

FI GURE 5. FIGURE 12 is an electrical, schematic diagram of a node
control circuit for use in the timng recovery and decodi ng, system of

FI GURE 5. FIGURE 13 is an electrical-schematic diagramof a transition
counter circuit for use in the timng recovery and decodi ng system of

FI GURE 5. FIGURE 14 is an electrical échenatic di agram of an out put
circuit for delivering an NRZ data out put*and acconpanying timng or

trigger pul ses that have been derived fromthe input data streamthat
cont ai ns Manchester encoded -data, for use in the timng recovery and

decodi ng system s an electrical schematic

di agram of a tes %EFEE? iqarl‘é’u%'? *quuﬁfsé g ﬁg?hb“‘iqtmsr’rg maleKeP and
decodi ng sywwmtﬂmmr&hester dRtaURKSdegh datarstrieph e et deeodsidect ri cal
wavef or M5 sHaicopnbBEed WrpWn Shpwel Sidd A tbeat Raeehmias depaet efrduitcuit of
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detector 45. (In the embodiment illustrated, a test mode control
- eircuit 55 is provided, below described in detail, which
controls whether the input signal or a test signal is applied to
‘the remaining portion of the timing recovery and Manchester data
decoding system 34. The output from the test mode control
circuit 55 is then delivered to the transition detector 45.)

The multimode input circuit 41 has a comparator 46 with
inverting and non-inverting inputs as shown. The input signal is
connected to the non-inverting input.by a first resistor 47, and
to the inverting input by a second resistor 48, A-fi¥st switch
50, connected in series with the resistor 48, is controlled by
a mode control circuit 160, below described in detail. Although
the first switch 50 may be provided by a physical switch, or a
transistor connected in known switch-function configuration, it
will be appreciated that the purpose is to selectively apply the
input signal to the inverting input of the compafator 46.
Accordingly, equivalent circuitry may be employed to perform
this selective voltage application, one example of which being
the transfer gate 283 shown, for example, in one implementatien
of the multimode input circujit 41, shown in Figure 19. '

A third resistor 56 is connected between the inverting
input of the comparator 46 and a second switch 58, which also is
controlled by the mode control circuit 160. The switch 58 is
connected to a reference voltage, such as V., shown. Again, the
second switch 58 may be provided by a physical switch , Or a
transistor comnected in known switch-function configuration;
however, it will be appreciated that the purpose is to



12 FI GURE 17 shows a waveform pul se series with a wake-up sequence
and .short dead tine interval that nay be enployed in the circuit of the
present invention. . FIGURE 18 is a series of detail ed waveforns at

vari ous nodes of the input conparator circuit during a wake-up sequence, in
accdrdance wth one aspect bf the present invention. FIGURE 19 is an
el ectrical schematic diagramof a threshold detector circuit, in greater
detail, for use in the timng recovery and decodi ng system of FI GURE 1.

In the various figures of the drawi ngs, |ike reference nunerals are used to
denote like or simlar parts. DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MVENTS Figure 1 shows an exanpl e of Manchester encoded data. The
wavef orm 10 has a sequence of equal length data cells 12 - 22, with each
cell representing a bit of corresponding binary data. There are transitions
at the m dpceilectivedycynnett thehveltagieVida hbe Mnvelrsing ringstaot edhles i nt o
two int erval&mgarﬁwmks Ad&%u&hgﬁy,get;aﬂvméinceu—c&mr}%ay wemﬁmaas the
transitions 25 {ﬁsﬁ?fz% O%% ati vglggaﬁ%n hce Nsi.tions,
such as the I’LSI r'ons sen P r R Son’sf? S & ies of
0's or a coﬁ'g’ciéﬁt baing ’é&ecﬁ“%"-p?%?@ezﬂiém piYray gireuinZ83 shewn,pul se

wi dt hs equalfdro exampliag| in nehendmprkematatdgnaloff otlte caltimod® ingait as t he
cells 12 - 15 Qhithfr Gl Fgefe -1922rwd NeaphRi 85P5 o Ankl 81 HY “ohRectea
respectively between the inverting and non-inverting inputs of
the comparator 46, and between the non-inverting input and
ground.

The tranmsition detector 45, which generates a positive
Manchester transition indicating pulse (M2DAT) at every
transition, positive or negative, of Manchester data, receives
the output on line 42 from the multimode input circuit 41 on the

" input of a D-type flip-flop 64, shown in Figure 7. *Clock pulses
on line 87 from the oscillator 35 clock the D-type flip-flop 64,
the output of which is connected to one input of an exclusive OR
gate 65. The output of the exclusive OR gate 65 is connected to
one input of a NAND gate 66, the output of which is connected to
one input of a flip-flop 67 that includes NAND gates 68 and 69.

Another input of the flip-flop 67 receives a signal on line
71 from a counter 75, below described in detail, to insure that
the transition detector 45 does not respond to the second of two
transitions that are separated by a time less than a predeter-
mined number of clock pﬁlses ., for instance, less than about 60
to 80 microseconds. The output of the flipr-:flop 67 is connected
to the second input to the NAND gate 66 via inverters 77 and 78
and resistor 79. A capacitor ‘81 is connected between the input
of the inverter 78 and ground to provide a low pass filter in
conjunction with the resistor 79.

The output from the NAND gate 66 is connected to an
inverter 84, which operates to produce a positive pulse (M2DAT), -



phase. They cannot be distingui shed without other information such as
whét-her two adj acent synbols are in the sane cell or are in adjacent cells,
or, equivalently, whether a transition is at md-cell or at a cel

boundary. In contrast to constant 1's or constant 0's, the Manchester
representation of alternate 1's and 0's is not anbiguous. A "10" results

in a tw synbol w de Manchester high, such as represented by cells 16 and
17, and a "01" produces a two synbol

13 wide Manchester |ow, such as represented by cells 17 and 18. These
doubl e wi de pul ses always straddle a ceI?oboundary, and thus provide a
basis for orienting the timng reference, which is used in the :
i npl ementation of one circui-t enbodi ment of the present invention. Once the

timng reference is established, single w de pul ses representing constant
data can befe¥rexample of about 12 nanoseconds long, on the output line 83

whenever either a positive or negative transition occurs on the
input line 42. An inverted output occurs on line 85, labeled
“M2DATZ". Either the first or the second Manchester symbol may
be selected by .a Manchester transition counter 75, described
below, which is clocked by the oscillator 35, and reset upon the
occurrence - of a Manchester data transition on line 85, as
indicated by the Manchester transition indicating pulse (M2DAT).
Detalils of a suitable Manchester transition counter circuit

75 are shown—in Figure 8, in which the clock pulses from the
. oscillator 35 are received on input line 87 and the ocutput from
the transition detector circuit 45 are received on inpuf line
85. The Manchester transition counter 75 has three D-type flip-
flops 90, 91, and 92 connected to receive the clobk‘bulses on,
line 87 on their respective clock inputs and the Mahchester
transition signal on their clear or reset inputs. The output
from the first D-type flip-flop 90 is connected to the data
input of the second D-type flip-flop 91, and the outputs of the
second and third D-type flip-flops 91 and 92 are connected to
the input of the first D-type flip-flop 90 by a NOR gate 94. In
addition, the output of the second and third D-type flip-flops
91 and 92 are connected to the inputs of a NAND gate 96, the

output of the second D-type flip-flop 91 being inverted by an
inverter 98. ' '

The Manchester transition counter 75 operates as a modulo
5 clock pulse counter, with the divided clock pulses on output
line 100 occurring after threé¢ counts produced by the oscillator
35 on line 87, after the counter 35 has been reset by the
occurrence of a Manchéster data transition on line -85. If no
Manchester data transition resetting event occurs, the divided
clock pulses on output line 100 are merely the clock frequency
divided by five. The signal on output line 71 occurs after ébery



decoded. A general electrical block diagramof a system 400 for
decodi ng Manchester data is shown in Figure 2, in which the overal
operation of the systemis illustrated in conjunction with the various
wavefornms shown in Figure 3. Timng for the systemis provided by an
oscillator 35, which produces a stream of clock pul ses, |abeled "SCLK," as
seen in Figure 3. The Manchester data streamto be decoded, denoted NDAT
is brought, into the system 400 on an input |ine 88, decoded data, denoted
DOUT, is outputted fromthe systemon |line 255, and decoded tim ng, denoted
TRIG is outputted on |line 259. Th&l Manchester data is initially
connected to the input of a transition triggered one-shot pulse generator
45 (referred to herein as the transition detector 45), which generates a

si ngl e out put gul se at each positive or negative going data transition, the
out put pul sé8¥FeCREPtRNERLPVIPBAT Janrhertes dataytasasibioncrerartiiogns for
MDAT and M2BAEnkrecairingi on Higer 853. and icarconeecbeabibasit toothd i igipue 3 t hat

MDAT i's not ofeenas@1ipys Fap G FF04heVitkinbbe1 s QfdteRtbe €35 SChksd iyt he
osci |l I at or %?ov??t that a M2DAT pul se exists at each transition o AT.
The M2DAT output signal fromthe tfansition detector 45 on line 83 is
connected to cl edF FOWSske ne%ad thatphyhe panhiculay sciramiitc kmbedimemtect ed

to be cl ockedt bie tiresehtdnventies h8Chkn fdeutribbe ducdidebaHy MaRcKkdstdrne 87.
The divi de- lyata 59 WAk 'iix?«% andS1ats iiﬁﬁuéhé%%?oﬁkeﬁ%uéfga% fagthezunt,
t he out put for ﬁggantce 1 ( se%ekn jt. e% goupg- 3 gut el nlg connected to
cIockaD—t)F&f , as datermin Y the delay count developed by the
Manchester transition counter 75. It will be appreciated that
the first symbol of the Manchester data could also be sampled,
latched, and decoded by selecting a different delay count, then
inverting the data.
The divided clock pulses from the counter 75 on output line
100 is connected to an input of a divide-by-2 circuit 105,,
details of which being shown in Figure 9. The divide-by-z.
circuit 105 has a D-type £lip-flop 106 that receives the divided
clock pulses from the counter 75 on line 100 on its clock
terminal. The reset line is connected to receive a reset signal
from a mode decoder circuit 110, below described in detail. The
output of the D-type flip-flop 106 is inverted by a NAND gate
112, and connected to the input. The other side of the NAND gate
112 is connected to receive a signal on line 113 from the mode
decoder circuit 110, which indicates that there have been no
Manchester data transitions for three consecutive periods of the
divided clock pulsies on line 100. The éignal on line 113 is
inverted-by an inverter 114.
In operation, the divide-by-2 circuit 105 divides the
divided clock pulses on line 100 by two, to generate a sample
command signal on output line 117. As will become apparent, a
reset signal will be 'éenerated on line 107 when two positive
edges of the divided clock pulses on line 100 have occurred
between any two successive Manchester data transition indicating



14  flip-flop 105, and the output for count 4 being connected back to
reset the transition detector 45. The output fromthe divide- by-5 counter
75 is a waveform | abel ed 2XCK, having a frequency that is tw ce the
expected frequency of the Manchester data signal MDAT. I'n norna
operation, the D-type flip-flop 105 clocks a sanpling D-type flip-flop 120
at each second transition of the 2XCK signhal, corresponding to the second
hal f of the detected Manchester cell. Since the output of the divide-by-2
D-type flip-flop 105- is connected to claggk the sanpling D-type flip- flop
120, whenever the signal SSMs fromthe D-type flip-flop 105 changes state
fromnegative to positive, the sanpling D-type flip-flop 120 cl ocks the
state of the then existing Manchester data on line 88 to the output, DOUT

on line 255. The sanpling D-type flip-flop 120, therefore, produces an NRZ
data out put PUERRIT obrlimen852551in¢e 2 | teansi§irnemystht ecayfr thakvRenchlst er

data from esphbcls exfseach Hamehdstar t&Fl D ifypavol Icopnts ope leHe ids_tvga&Q ked.

It will be ' i p [ | Qps were
ot “taken, Ll g eild JEPCRAY FLBeHUA DAL Mn PR BBEY e ng
sequence of ?és 3 hﬁ?sat signal generated by the second count

insures that the circuit is synchronized. to the correct symhol
~ of the Manchester cells, and a double-wide pulse has occurred
(compare, for example, the double-wide pulses 27 in Figure 1).
The double wide pulses always overlap the leading edges of two
of the divided clock signal pulses on line 100, whereas sinéle
wide pulses a"fways overlap only one. Since the reset signal on
line 107 resets the D~type flip-flop 106, the operation of the
divide-by-z'circuit 105 automatically synchronizes the circuit
to detect the correct Manchester symbol upon the pccgrrence of
the next count pulse of the divided clock pulses on line 100,»
and with every other one thereafter. '
After the D-type flip-flop 106 has been reset, the next
positive edge of the divided clock pulses on line 100 causes the
sanple command signal on line 117 to go high, actuating the
sample block 120 (below described) to sample the received Man-
chester data during the second Manchester data symbols. If there
are no Manchester data transitions for threeé consecutive periods
of the divided clock pﬁlses on iine'loo, the signal delivered on
line 113 goes high, forcing the output of the NAND gate 112"
high. This causes the sample command signal on line 117 to go
high upon the occurrence of the next positive edge of the
divided clock pulses on line 100. When the Manchester data
transitions begin again, the D-type flip-flop 106 is set up to
sample the second half of the Manchester cell, since the first
positive edge of the divided clock pulses on line 100 will clock
the sample command signal on line 117 to its low state. The next
positive edge of the divided clock pulses on line 100 clocks the



correspond to the timng of the first half of the Manchester data cells.
Thus; the count-3 output fromthe divide-by-5 counter is also connected to
cl ock a sequence counter 402. The sequence counter 402 operates to count a
predet ermi ned nunber of transitions of the 2XCK signal before being reset
by the M2DAT signal on line 83. For exanple, in the enbodinent illustrated,
two transitions of the 2XCK signal are counted before the count- 2 output
of the sequence counter 402 produces a state change. Therefore, the output
fromthe count-2 output of the sequence counter 402 provides a signal
DB2I Nl on line 107 that indicates 23

15 the occurrence of a double w de pulse in the Manchester data,. and
serves to reset the divide-by-2 Dtype flip-flop 105. As mentioned, in
t he enbodi nent illustrated, the second half of the Manchester cell is-

desired to beutputpiteda ity etata; |whichncansenttid sampleoceixouit 2o ticat ed by
det ecti ng Whedingd 4D £ &R dnitVRaricifdsth! 8883 occur during a single state of

The sampling circuit 120, as shown in Figure 5, is a D-typé
flip-flop 121 in the embodiment jillustrated. The signal that
contains the Manchester data (MDAT) is connected to the data
input, and the output is connected to an output control circuit
125, below described. By clocking the D-type flip-flop 121 with
sanpling pulses of the frequency and phase of'the second symbol
of each Manchester data cell, the sampling £lip-flop 121
correctly saiples and latches the Manchester data signal on line
250. At this point it should be noted that since the logic level:
of the latched Manchester data is constant between samples, the
resulting data is a binary nonreturn-to-zerxo (BNRZ) binary
representation of the encoded data, shown by waveform 30 inb
Figure 1.

As discussed above, selecting every other divided clock
pulse on 1line 100 provides the correct frequency for the
sampling pulse waveform. However, without initialization, there
is an equally likely possibility that the sampling pulses will
align with the first symbol rather than the second, and the
decoded data would be inverted. The proper alignment is deter-
mined by the mode decoder circuit 110, which detects the
existence of a double wide Manchester waveform. Details of the
mode decoder circuit 110 are shown in Figure 10. '

In general, the mode decoder circuit 110 decodes counts
from the pulse generator circuit 130, below described in detail,
and is essentially a 1ogiclgate.array that provide outputs on
output lines 132-136 and 107 of known logic states for various
input count combinations. The circuit hés four input NAND gates
140-143, which receive the outputs on lines 180 -~ 188 from the
pulse generator circuit 130.



MDAT pul se (i.e., a state in which a mdpoint transition is expected, but
doés not occur). Mre particularly, with reference to Figure 3, whenever
two consecutive 2XCK pul ses occur wi thout an internedi ate Manchester data
state change, indicating a "doubl e-w de" Manchester data pul se has
occurred, such as . the pul se 404 or the pul se 426, the output DB2INl on line
107 changes state to clear the D-type flip-flop 105 to synchroni ze the
systemto the second half of each Manchester data cell. For exanpl e,
the first NMDAT pul se 404 shown is a "dog?%e- wi de" pul se, produced, for

I nstance, by a "01" or "10" value of th ata represented by the Manchester
signal to be decoded. The doubl e-w de pul se produces transitions 406 and
407 in the M2DAT signal at . its respective positive and negative going
transitions. The first MDAT pul se 406 resets the divide-by-5 counter,
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The NOR gate 153 receives the outputas from the NAND gates
142 and 143, as well as an input on line 185 to produce an
output on line 154, indicating a count of three of the divided
clock pulses on line 100. The line 154 is connected to both
inputs of a NAND gate 155, which acts as an inverter, and to one
input of a £lip-flop 161, defined by NOR gates 156 and 157, to,
set the flip~flop when the third count has occurred. The output‘
from the NAND gate 155 on line 133 goes low upon the count of
three of the divided clock pulses on line 100, and is used to
cleaxr the transition counter circuit 165, -as below dgscribed.
Concurrently, the -output from the flip-flop on line ‘134 goes
high on the count of three of the divided clock pulses on line
100, and serves to enable the NAND gate of the divide-by-2
circuit 105 (Figure 9), as described above.

The other input to the-flip-flop comprised of the NOR gates
.156 and 157 is connected to receive the signal on line 83 from
the transition detector 45 (Figure 7), indicating the occurrence
of a.Manchester data transition. When a signal is received
indicating that a Manchester ‘data transition has occurred, the
£lip-flop is reset, returning the output state on line 133 to a
high state and the output state on line 134 to a low state.
- The out'put from NAND gate 143, as well as the signal on
' line '185, are connected to the inputs of NOR gate 159. The .

output from the NOR gate 159, as well as the signhal on line 181,




16 state, shown by the 2XCK data stream segnents 414. and 416.
Additionally, since the sequence counter 402 was not reset, due to the
absence of an MDAT transition, when the second consecutive 2XCK pul se 416
occurs, a synchronizing pulse DB2INI is generated. It can be seen that
fol'l owi ng a doubl e-wi de Manchester pul se, the next occurring state change
wll be a proper mdpoint transition. Thus, when the DB2I Nl pul se resets
t he divide-by-2 D-type flip-flop 105, upon the occurrence of the next
occurring 2XCK signal, the divide-by-22B-type flip-flop 105 generates an
SSMS signal, assured to be in the second half of the Manchester cell, to

clock the sanpling D-type filip-flop 120, thereby synchronizing the system
to sanple the second halves of subsequently eccurring Manchester data

cel I s. ade | ¢dnnecked po.ttheulaphts ofs asNall, gate 162/ nghidie pYbdudwst er,
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pul se 407 t §ep¥egcher EeRk tha Qrtype £1 ip-flop 106 of the divide-by-2
circuit 105 of Figure 9. The ocutput signal from the transition
counter 165, below described 'in detail, on line 166 is inverted
by an inverter 167, and producéd on the output line 136 ta reset
the D-type flip~flop 135 -of the mode control circuit 160, below
described., :

The pulse generator circuit 130 that provides counts of the

) divided clock pulses on line 100 to the mode decoder circuit 110
is shown in detail in Figure 11. The pulse generator circuit 130
includes six D-type flip-flops 170-175, connected as a ripple
counter. The divided clock pulses on line 100 and the signal,
indicating that the count has reached 63 on line 132 (from the
NAND gate 150 of the mode decoder circuit 110, shown in Figure
10)'are applied to the inputs of an OR gate 177. The counter is
reset by the occurrence of a Manchester data transition
indicating signal-on line 85, and is clocked by the divided
clock pulses on line 100, which is enabled by the OR gate 177.
The outputs are developed on lines 180-188 and delivered to the
mode decoder circuit 110, described above.

The operation of the pulse generator cixcuit 130 is to
count the pumber of divided.clock pulses on line 100 that occur
between pulses that indicate transitions of the Manchester data
appearing on line 85. The occurrence of a Manchester data
transition indicating pulse on line 85 presets the counter to an
all “ones” initial state, after which the divided clock pulses
on line 100 are sequentially counted. - If a count of -6'4- is
reached, thé signal from the mode ‘decoder circuit 110 on line
132 goes high, inhibiting further clocking until the next
Manchester data transition indicating pulse occurs.

=



resets the divide-by-5 counter and starts a new count. The next occurring
2XCK pul se 419, which occurs in the second half of the Manchester data cel
timng, clocks the D-type flip-flop 105, which in turn clocks the sanpling
D-type flip-flop 120, which sanples and | atches the Manchester data
existing at that tinme. It should be appreciated that although the
timng of the 2XCK pul ses have been described as being twice that of the
Manchester data cells, any multiple, n, may be selected, with appropriate
adjustnment to,the dividers to select the particular 2XCK pul se that occurs
during a second half of each Manchester cell. The resetting adjustnent
provi ded by the sequence counter may be2&l so changed to reset.the out put

| atch to sel ect an appropriate nunber of pul ses by which to activate the

H?tcr“ ng functi 9£hdigfgna xag Aé%bln/é%gnals are generated by the mode
control circuit 160, details of which are shown in Figure 12.
The mode control circuit 160 includes a D-type flip-flop 135
connected to receive the output on line 132 from the mode
decoder circuit 110 of Figure 13. The output on 1line 132
indicates that the count of the divided clock pulses on line 100
‘has reached iﬁi Thé D-type flip-flop 135 is connected to be
reset by the output on line 136 from the mode decoder circuit
110 of Figure 13, which represents the inverted output on line
166 from tramsition counter -165, below described. The D-~type
flip-flop 135 is connected to be clocked by the divided clock
pulses on line 100, connected via the OR gate 235. The output
from the D-type flip-flop 135 is connected to a second input of
the OR gate 235 to inhibit the divided clock pulses on line 100,
when the output is high. ’

The inverted output from the D-type flip-flop 135 is
connected to one input of a NAND gate 236, the output of which
is an output signal on line 238 that is used to control the
switch 50 of the inmput stage 41. The switch 50 also controls the
operating mode of the circuit 34. The other input of the NAND
gate 236 is connected to receive the output on line 134 from the

“mode decoder circuit 110, shown in Figure 10. The signal on line
134 goes high after the occurrence of the third-count of the
divided clock pulses on line 100.

The inverted - output of the D-type flip-flop 135 is
connected to set a flip-flop comprised of NAND gates 240 and
241. The flip-flop is reset by the signal on line 187 from the
pulse generator circuit 130, corresponding to a count of eight
divided clock pulses on output line 100. The output from the .
flip-flop is connected to one input of a NOR gate 242, which.is
connected to receive the signal on line 134 at its other input.



At the sane time as the data is generated on output |ine 255, trigger

pul ses that are synchronized with the clock pul ses SCLK on line 87 are
generated on the output line 257, |abeled TRIG The relationship of each
TRIG pul se to the rising edges of the pul ses SSM5 can be seen in Figure 3.
An el ectrical block diagramof a system 430 for decodi ng Manchester data
simlar to that described above with reference to Figure 2 is shown in
Figure 4 to which reference now is nade. The system 430 shown in Figure 4
has additional short and |long dead tine detection features and |long term
sl eep and wake-up capabilities provided a short dead tine register 431
and long tinme register 432. The short and | ong dead tine gegisters serve to
adj ust the thresholds of the input Manchester data conditioning circuit 41

and to disable th@n@uhayﬁ@ e%fabi@%i.%)i&i@m 15k \afeemmomwaaswrendsi@ s
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is shown, im@%ccordance with a preferred enbodinment of the invention.
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~ the outpugog the sample flip-flop circuit 120, prov:.ded the
signal DT B- from the mode control circuit 160 rema:.ns low.,
“When %B%oes high, the OR gate 195 is inhibited from pass:.ng
further transition signals. The output of the first D-type flip-
flop 190 is connected to the clock input of the second D-type
flip-flop 191, as well as to a first input of a three input NOR
gate 196. The inverted output of the first D-type flip-flop 190
is connected to its data input. ‘

The second D-type flip-flop 192 is similarly connected,
with its inverted output connected to its input, and its output
connected to the second input of the NOR gate_196 and to the’
clock input of the third D-type f£lip~flop 192. In a similar
fashion, the third D-type flip-flop 192 is connected with its
inverted output connected to its input; however; the inverted
output is also connected to the third input of the three input
NOR gate 196. _

The three D-type flip-flops 190-192 are reset by the signal
produced on output line 133 from the mode decoder circuit 110
(Figure 10), which goes low on the third count of the divided
clock pulses on line 100, described above. Thus, the transition




suitabl e oscillator devices or circuits (not shown).
18 ™ . Wth reference again to Figure 5, the input signal, which may
contain a Manchester data encoded data streamto be decoded, is connected
on an input line 40 to a nultinode input circuit 41, which provides its
output (MDAT) on line 42 to a transition detector 45. (In the enbodi nent
illustrated, a test node control circuit 55 is provided, bel ow described in
detail, which controls whether the input signal or a test signal is applied
to the remaining portion of the timng recovery and Manchester data
decodi ng system 34. The output fromthe t%8st node control circuit 55
I s-then delivered to the transition detector 45.) The mul ti nmode i nput
circuit 41 has a conparator 46 with inverting and non-inverting inputs as
shown. The input signal is connected to the non-inverting input.by a first
resi stor 47,coumtteroléfesdrvesr to nrpuntpibubypasisdyenedgassioft Ghedgampledi r st
switch, Manchester data, and operates to “wake up" the circuit after a

long dead time period. Although the wake up features of the

circuit are described below in detail, briefly, if a count of

four is reached before the resetting signal occurs on line 133,

the output on line 166 goes high, waking up the remainder of the

circuit in the manner below described.

The input BNRZ on line 250 to the transition counter
circuit is also applied to the output control circuit 125,
details of which are shown in Figure 14, The output control
circuit 125 receives the decoded BNRZ signal from the sampling
or latching flip-flop 121 into an enabling AND gate 252, which
has an output that is buffered by an output buffer 253 to
provide a data out signal (DOUT) on the data out ine 255. The
AND gate 252 is enabled by the output enable signal, which is
developed on line 244 from the output of the NOR gate 242 of the
mode control circuit 160, described above with reference to
Figure 12.

The trigger -or timing output (TRIG) on 1line 257 is

developed by an enabled AND gate 260, the output of which is
buffgred by the output buffer 261. The AND gate 260 also is
enabled by the output enable signal on line 244 from the NOR
gate 242 of the mode control circuit 160. The other input to the
AND gate 260 is derived from the clock signal from the
oscillator 35, developed on line 87, delayed by one-half cycle.
The clock signal on line 87 is inverted by inverter 265 to clock
the sample command signal on line 117, developed by the divide-
by-2 counter 105 described above with reference to Figure 9,
into a D-type flip-flop 268. )

The one-half cycle delay of the clock pulses on line 87 is
produced by the D-type flip-flop 270, which receives the output
from the D-type flip-flop 268 on its data input and.- the clock

L5
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50, . connected in series with the resistor 48, is controlled by a node
contfol circuit 160, bel ow described in detail. Although the first switch
50 may be provided by a physical switch, or a transistor connected in known
swi tch-function configuration, it will be appreciated that the purpose is
to selectively apply the input signal to the inverting input of the
conparator 46. Accordingly, equivalent circuitry may be enpl oyed to perform
this selective voltage application, one exanple of which being the transfer
gate 283 shown, for exanple, in one inpleggentation of the nultinode input
circuit 41, shown in Figure 19. A thi"rd resistor 56 is connected
between the inverting input of the conparator 46 and a second switch 58,
which also is controlled by the node control circuit 160. The switch 58 is
connected to a reference voltage, such as V[err], shown. Again, the  second
swi tch 58 napubsespoovliied shyom itisyslasd iapit CiTheObutput ER6Mi i D-eppaect ed

in known swi gefptasng! b?ﬂ Eé)fﬁdnﬁh%@éd% onlOYRYSR of lal NUk! fatdPS712PREEC! ated
that the pur‘%}p& ofg which is connected to the AND gate 260. The other 9
input to the NOR gate 271 is the output from the D-type flip-
flop 268, which is inverted by an inverter 272.

The timing pulses developed on output line 257 are delayed
from a state change of the sample command signal on line 117 at
the output of the divide-by-2 counter 105 (and therefore the
binary NRZ signal on line 250) by half a period of the clock
signal on lifie 87. The delay may be, for example, on the order
of about 10 usec. The output timing pulse is then one-half
period of the clock signal on line 87, also about 10 usec.

The waveforms on the data out line 255 and timing signal
output line 257 are copies of the BNRZ (binary‘no;return tq
zero) output of the sampling flip-flop 120 and the sampliné
pulses at the output from the output of the divide-by-2 circuit
105, except that the timing signal output on line 257 is delayed
one half period of the period of the divided clock pulses on
line 100. :

In contrast to normal circuit operation, described below,
the timing recovery and Manchester data decoding system 34
provides for a test mode, in which a test signal can be applied
to the circuit via a test mode control circuit 55, shown in
.Figure 15. Thus, the circuit 34 normally receives the Manchester

3 data containing signal (MDAT) at its the multimode input stage

. 41 under the control of the mode control circuit 160, details of
which are shown in Figure 12. However, in order to provide a
test mode of operation, with reference again to Figure 15, the
output from the multimode input stage 41 is connected on line 42
to the inputs of a NAND gate 210, a NOR gate 211, and a
multiplexer circuit 212. The outputs from the NAND gate 210 and .



sel ectively connect the voltage V[err] to the inverting input of the
conparator 46. Accordingly, equivalent circuitry nmay be enployed to perform
this selective voltage application, one exanple of which being the current
sowce 280 and mrror circuit 281 shown, for exanple, in the inplenmentation
of the multinode input circuit 41 in Figure 19. Two capacitors 60 and 61
are connected respectively between the inverting and non-inverting inputs
of the conparator 46, and between the non-inverting input and ground.

The transition detector 45, which generates a positive Manchester
transition indicating pul se (MDAT) at evdy transition, positive or
negative, of Manchester data, receives the output on I|ne 42 fromthe
mul ti mode input circuit 41 on the input of a D-type flip-flop 64, shown in
Figure 7.0 ock pulses, on line 87 fromthe oscillator 35 clock the D-type
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The out put f Aefeding mmvgaﬁeh% thyee GiaRratang ipdes, depending upon the
conditions established by the Manchester data contained in the
input signal. The three operating modes provide for an adaptive
threshold detection scheme of operation, depending upon the
character and nature of the input signal. The first operating
‘mode is the “steady-state” mode, as described above, in which a
signal that contains a Manchester encoded data stream is
processed and an output binary NRZ signal is produced at the
output. The second operating mode is an “offset” mode in which
the circuit 34 is “sleeping,” during which the occurrence of a
wake up Manchester data sequence is needed to cause the circuit
to “wake-up” to assume and resume the “steady-state” operating
mode. The third operating mode is a “hold” mode in which the
circuit operates between the detection of the wake up sequence
and reception of normal data, during which the circuit biases
are maintained, even though steady-staté mode Manchester encoded
data is not being received. .
The particular mode in which the circuit operates depends
upon how the comparator 46 is biased by the switches 50 and 33,
Thus, the switches 50 and 58 are operated to select one of three
reference voltage settings, based on signal conditions detected
from monitoring the Manchester transition indication waveform in



i nverter 84, which operates to produce a positive pulse (MDAT),
20 - for exanple of about 12 nanoseconds long, on the output line 83
whenever either a positive or negative transition occurs on the input line
42.- An inverted output occurs on line 85, |abeled "MDATZ". Either the
first or the second Manchester symbol may be selected by .a Manchester
transition counter 75, described bel ow, which is clocked by the oscillator
35, and reset upon the occurrence of a Manchester data transition on line
85, as indicated by the Manchester transition indicating pulse (MDAT).
Details of a suitable Manchester transitizn counter circuit 75 are shown-in
Figure 8, in which the clock pulses fromthe oscillator 35 are received on
input line 87 and the output. fromthe transition detector circuit 45 are
received on input line 85. The Manchester transition counter 75 has three
D-type flip-résmpsedte @k signald crohimetsd bo tieseiode beetfd]D@KrWiées on,
160 shown in Figure 12.

The waveforms produced for the three reference voltage
settings are outlined in Figures 16a-c. With reference also
again to FiguPe 5, as is apparent the time constant at node 2 at
the inverting input of the comparator 46 is much greater than at

- node 1 at the noninverting input of the comparator 4s.
Consequently, node 2 responds primarily to the long term average
of the DASK (Demodulated ASK) signal whereas node 1 responds to
DASK data transitions. In the “steady-state” mode of operation,
having waveforms shown in Figure 16a, switch 50 is closed and
switch 58 is open. In the “steady-state” mode, the reference
veltage 300 at node 2 will equal the average value of the. signal
302 at node 1. Since the average value of the Manchéster data is
always centered between the high and low levels, maximum noise
immunity is achieved.

In the “hold” mode, having waveforms shown in Figure 16b,
both switches 50 and 58 are open. Since there is no discharge
path, the capacitor 60 on node 2 holds the previous voltage,
seen as waveform 304. For transmission formats that contain
bursts of data separated by short dead time intervals, such as
represented by waveform 306, the “hold” mode retains the optimum
threshold between bursts of valid data.

In the “offset”™ mode, having waveforms shown in Figure 13c,
the reference voltage 308 at node 2 is offset from the average
value of the noise at node 1. The offset voltage is chosen so
that the reference is approximately at the midpoint of the high
and low levels of the weakest valid signal 310 expected at node
1. This mode is used during long dead time intervals. ‘Comparator
output noise is suppressed far below that which is seen in most
remote control receivers where the reference voltage is allowed
to become equal to the noise average value.

. 31



line 87 on their respective clock inputs and the Manchester transition
signal on their clear or reset inputs. The output fromthe first D type
flip-flop 90 is connected to the data i nput of the second D-type flip-flop
91, .and the outputs of the second and third D-type flip-flops 91 and 92 are
connected to the input of the first Dtype flip-f lop 90 by a NOR gate 94.
In addition, the output of the second and.third D-type flip-flops 91 and 92
are connected to the i nputs of a NAND gate 96, the output of the second

D-type flip-flop 91 being inverted by an_jnverter 98. The Manchest er
transition counter 75 operates as a moduf 5 clock pulse counter, with the
di vi ded cl ock pul ses on output |ine 100 occurring after three counts

produced by the oscillator .35 on line 87, after the counter 35 has been
reset by the occurrence of a Manchester data transition on line 85. If no
Manchest er data BiSheudh dherawparator codst rmuwity imehdi Yot cheaek

pul ses on thnéﬁ r& 15)5) %51 Ongag ely %,;@ clseé‘gag_rs%gggnc%dgl VAdggmﬁy five.

ter eve
'2I'2e si gnal 0&&8\ sum ormat com J.ne wi?th furtxer signal processing can

nearly eliminate the possibility - of a false wake-up sequence
followed by noise at the data out line 2_55 (Figure 14). A format
with a wake-up sequence and short dead time interval such as
shown in Figure 17 may be used. As can be seen, the wake-up
sequence includes a number of similar pulse transitions 314-323,
followed by a dead time interval 326, which, in turn is followed
by the desired Manchester data stream 328,330. In the embodiment
illustrated, an initial sequence of 8 Manchester transitiqhs 328
is sent to assure proper synchronization, although this is not
absolutely necessary. After the synchronizing sequence 328, the
actual Manchester data. of interest 330 is transm"itt‘:ed. with
this format, the data out on line 255 and the timing pulses on
output line 257 from the output control circuit 125 ( Figure 14)
are only active after a valiad wake-up sequence and short dead
time have occurred. They will remain active until another dead
time interval is detected.

The mode control circuit 160 responds to the Manchester
transition indicating pulse and divided clock pulses on line 100
to determine the appropriate comparator reference mode. During
a long dead time, the “offset” mode is in effect, and any
detected transitions of the transition indicating pulse starts
a candidate wake up sequence. The comparator 46 remains in the
“offset” mode until a valid wake up is detected. A valid wake up
consists of a predetermined number of properly spaced sequential
transitions. For proper spacing, the separation between any two
transitions must be less than three symbol widths. This is
determined by counting the divided clock pulses on line 100
following every transition. If the count reaches three, the



four counts followi ng a Manchester data transition. resetting event
occurring on line 85, and is connected. back to the input of the flip-flop
68 of the transition.detector 45, described above. It should be noted
that, the particular circuit enbodi nent of the present invention herein
descri bed decodes the Manchester data by sanpling and | atching the second
synbol of each Manches- ter data cell, as determ ned by the delay count
devel oped by the Manchester transition counter 75. It will be appreciated
that the first synbol of the Manchester data could al so be sanpl ed,

| at ched, and decoded by selecting a diffe $£nt del ay count, then inverting
t he data. The divided cl ock pul ses ftOmthe counter 75 on output line
100 is connected to an input .of a divide-by-2 circuit 105,, detail's of

whi ch being shown in Figure 9. The divide-by-2 circuit 105 has a D-type
flip-flop l0Geghence edei wrejethed dand detlactockven| ats theomdite detated 75 on
line 100 on &&anghgg&hterninal The reset line is connected to receive a

reset signal fro ec C|rc it 110, elom/ es ribed in detai

The out put of thghﬁf{T} t?F“fgéizj 23 °W? fﬂv%f NEVﬁgREFslfﬁ and
connect ed to"tal‘t'é°PﬁpBPde¢hefoﬂ'-Hér 1§P‘é|‘é Bireud I\ﬂNIIF’g%tt %hqmz i geeatested to
recei ve a si giexaian qunr&milaa f wara t bp rmﬁaedeepdehecmrdﬁréndé&foiﬂhlt@xb

d h f
Lgnlsggh telsvte gs‘rormlbaﬁaeo@%e a*eo&@{w Qeﬂ&ap @a&aetc{é@ﬁg %@1@ Q&eéa naI o

ses_ on

od t I VI
line 113 is | ng?) 5§°Vﬂvlé‘4 F@Fviﬁf ent 34Q, Jﬁ&f"aﬁ"&ﬁl "*ﬁe“%h \}'1 - by-2
circuit. 105 maﬁeaescehésdﬁvﬁnehﬁdzlmk preds modei p& @Anty 3426, ASo is

generate a sSaifpaen®nPPoH thel RAhuwRS, AUkRH§ wAIRS ubl the/ PetdrdnclCeRiRyes
apparent, a more quickly—toward the average value than it would if “steady-
state” mode were used. This is due to both the reduced time
constant and the presence of an offset voltage. Since in the
embodimgnt illustrated there are twelve transitions in the wake
up burst, but only four are required for wake up, the system
will ordinarily be awake before the entire burst is complete.
Although this allows additional time for the reference to settle
toward the true average value, it is obviously advantageous if
it is already close when “steady-state” mode is switched in.
Thi§ is particularly true for very weak ‘signals or high noise
conditions where wake up can occur near or at the end of the
wake up burst.

After the circuit has been awakened, a short dead time
€ ' occnrs_in region 344. (It should be noted that the dead time
= region 344 illustrated in Figure 18 has been shortened for

purposes of illustration. A typical dead time may be, for
example on the order of 2 milliseconds, or longer.) The data out
signal on line 255 and the timing pulses on line 257 are enabled
at the end of the short dead time that follows wake up. This
hold off prevents outputting data from the remaining portion of
the wake up burst. The short dead time is detected by coﬁntinq
the divided pulses on 1line 100 following each Manchester
transition pulse. If the count reaches three, a short dead time



reset signal will be generated on |line 107 when two positive edges of the

di vi ded cl ock pul ses on line 100 have occurred between any two successive
Manchester data transition indicating

22. pul ses on line 85. Since a transition nmust occur between the synbols
of each Manchester cell, if two counts of the divided clock pulses on |ine
100 have occurred betmeen Manchester data.transitions, a reset signal
generated by the second count insures that the circuit is synchronized to
the correct synbol of the Manchester cells, and a doubl e-w de pul se has
occurred (conpare, for exanple, the doupf e-w de pulses 27 in Figure 1). The
doubl e wi de pul ses al ways overlap the | eading edges of two of-the divided
cl ock signal pulses on |ine 100, whereas single wi de pul ses al ways overl ap

LY One S g N S8 ot HIPkoRa S 10Fl 838 S 5 Beh el ! 0P

mode. These settings remain in effect until either detected
transitions resume .or the count of divided clock pulses on
output line 100 reaches. 64. If detected transitions occur first,
the count of the divided clock pulses on output line 100 is set
to zero, the comparator reference is sat to the “steady-state”
mode, the outputs are enabled, and decoded -data and timing
pulsés or triggers appear at respective output lines 255 and
o 257.
' Although the invention has been described and illustrated
with a certain degree of particularity, it is understood that
the present disclosure has been made oxily by way of example, and
that numerous changes in the combination and arrangement of
parts can be resorted to by those skilled in the- a¥t without’

departing from the spirit and scope of the invention, as
hereinafter claimed.



di vide-by-2 circuit 105 automatically synchronizes the circuit to detect
t he- correct Manchester synbol upon the occurrence of th npxt count pul se
of the divided clock pulses on line 100, and with every S
t hereafter. After the D-type flip-flop 106 has beep resg&f%Agﬁ ﬁ%EN
positive edge of the divided clock pulses on |line 100 causes

command signal on line 117 to go high, actuating the sanple block 120
(bel ow descri recei ved Man- chester data duri

second Manches | f thergsare no I\/ancﬁc;sSbetHaﬂmaaREﬁlﬁaﬁltlons
for three ponsi& Ill mmw mf t he divided clock pu mqmm g,ﬁlA t he

si gnal dellvere goes high, forcing the o ND gat e
112 high. This causes t he sanple command signal on line h upon
the occurrence of the next positive edge of the divided clock pul ses on
i ne 100. VEEekIMSie Manchester data transitions begin again, the Dtype

flip-flop 106 ius a@@hruﬁué Goragptedime aseansHedtdd edbobibe® dduachhesban, cel |,
since the fig ive edge of the divided clock pulses on Iine 100 wll
cl ock the sanp e CO d signal on line 117 to its |low state. The next
posi tive edge ofa ttﬁénﬂfvl% SEeThAF SOF SERChY PPNt Mencheskar Ergoded

data stream to produce a transition indicating output when a
transition of the Manchester encoded data stream is detected;
a circuit to generate an output control pulse a predeter-
mined time after said transition indicating output is produced;
. a sampling rlip-flop'receiving the Manchester encoded data
stream, controlled by the ocutput control pulse.to output a state

of the Manchest&r encoded data when said output control pulse is
genexrated. '

¢
2. The apparatus of claim 1 wherein said sampling flip-flop

operates to generate.a binary NRZ form of the Manchester encoded
data stream. '

3. The apparatus of claim 1 further comprising a clock generator

for generating a clock pulse stream at a frequency higher than
said Manchester encoded data strean.

4. The apparatus of claim 3 wherein said-transition detector is
connected to receive said clock pulse stream and is configured
to synchronize the transition indicating output with a pulse of
said clock pulse stream.

5. The apparatus of claim 1 further comprising a phase selector

to select a known half of a Manchester data cell occurring after
a transition.

6. The apparatus of claim 5 wherein said phase selector selects
a second half of a Manchester data cell.



23 output to a high state, which causes the sanple circuit 120 to sanpl e
t he- current Manchester data. The sanpling circuit 120, as shown in .

Figure 5, is a Dtype flip-flop 1 dlnent [ ﬁv EEOHAS 'BEEN
si.gnal that contains the Manchest ﬂg’ﬂ ”u conng ed m{l\@@data
I nput, and the output is connecteds: ntroI circul bel-gw

described. By clocking the D-type flip-flop 121 Wit h sanpling pul ses of the
frequency and phase of the second synbol of each Jyanchest_e-r—d&t—a—eel—l t he

sanpling flip-flop 121 correctly sanpl eg gand | atches the e data
signal on Iline 250. At this point it should be no ehe | ogi c
| evel of the | atched Manchester data is constant bet t he
resulting data is a binary nonreturn-to-zero (BNRZ) ntation
of the encoded data, shown by waveform 30 in Figure 1 As d| scussed

above, selecting every other divided clock pulse on |ine 100 provides the

correct f reﬂuefwat:saratte %eneiatﬁg 5pui\§€ei’t@‘é3fxér%ﬂaé@%!@émf’%@i&&is
|n|t|aI|zat50f| |

€.l S, an lity that the sanpling
pul ses wi || :llI(::]SrF %a?ﬁ he ?ﬂgﬁgﬁes‘ée%gﬁg?a? " than the second, and the
decoded data would be inverted. The proper aI ignment is deter- mned by the
node decodes.cThe lagpakrhinswbf céladel gcitarther exdmpirdBing Odn ail@ritee 6 de

Manchest er \ﬂ/ﬁygj.@rﬁye Petaut Seroh Li&s gg@der circuit 110 are shown in
Fi gure 10. In gener%h t he m)derE(}eco e‘?pm rcuit 110 decodes-counts

fromthe pul se generator circuit 130, bel ow described in detail, and is
essenti al | y%a |dpgtinipg erecoveryt nd pnmn;@tem plata odecoding systen,
comprisings

an oscillator providing output pulses;

a multimode input circuit connected to receive an input
signal that may contain a Manchester encoded data signal and to
output a data containing signail;

a transition detector connected to receive the output,
signal from the . multimode input circuit for generating a
Manchester transition indicating pulse at every Manchester data
transition;

a Manchester transition counter circuit connected to
receive the output pulses from the oscillator to produce a
predetermined number of oscillator pulses after a Manchester
data transition;

a divide-by-2 circuit connected to receive the oscillator
pulses from _the Manchester transition counter circuit to
gererate a sample command signal;

and a sampling circuit connected to receive the output from
the divide-by-2 circuit and the Manchester encoded data to latch
the a state of the Manchester encoded data in response to the
output from the divide-by-2 circuit.

10. The timing recovery and Manchester data decoding system of
claim 9 further comprising:



output |ines 132-136 and 107 of knownlegie—states—for various input count

conmbi nations. The circuit has four 140 e
the outputs on lines 180 - 188 fromgn anator dHlS:ﬁHEEﬁﬂés

24. The NAND gates 140 and ¢ eael we shetr inpdts onRERLAEED181- 1185
fromthe pul se generator circuit 130. The outputs from NANDgares 140 and

141 are connected to the inputs of a NOR gate 15Q,_which—produces an out put

on line 132 that goes high on count nunber 63 of the diy
on |ine 100, when all of the count signals on line

signal on output line 132 serves to inhi®¥t the inp
generator circuit 130, as bel ow descri bed. The

the outputs fromthe NAND gates 142 and 143, as wel |l
185 to produce an

a pulse generator circuit connected to receive output
pulses from said oscillator and produce an output count thereof;
a mode decoder circuit connected to receive the output
count from said pulse generator circuit to provide outputs on

preselected counts of said output _cbunt from said pulse
generator circuit;

as an input on line

and a mode control circuit connected to receive at least
some of the outputs of said mode decoder circuit, said mode
control circuit being connected to selectively control the mode
of said multimode input circuit. :

11. The timing recovery and Manchester data decoding system of

claim 10 wherein said mode decoder circuit is a lngic gate
array. :

12. The timing recovery and Manchester data decoding system of
claim 9 further comprising:

an output control circuit connected to receive the data
latched by said sampling circuit and said transition indicating

pulses for producinq an NRZ output data signal and output timing
pulses.

13. The timing recovery and Manchester data decoding system of

claim 12 further comprising a circuit to delay the output timing
pulses by one half cycle.

14. The timing recovery and Manchester data decoding systém of
claim 9 wherein said multimode input circuit has a “steady-
state” mode in which a signal that contains a Manchester encoded
data stream is processed and an ouﬁput binary NRZ signal is
produced at the output, an “offset” mode during which . the
occurrence of a wake up Manchester data sequence is.needed to



output on line 154, indicating a count.of three of the divided clock pul ses

on line 100. The line 154 is connee%ed—Lo_bgLn_Lﬂgﬁts of a NAND gate 155,

which acts as an inverter, and to of a TTip-flan 161, defined by
NOR-gates 156 and 157, to, set th4mﬂ!ﬂngm g’mﬂ' t he ‘WHWSHEEWHAQ%EN

occurred. The out put fron1the NAND *ga e 133 goesREpPACEON the
count of three of the divided clock pul ses on *I'i he 100-*aﬁdjﬁg—us§§_Le~_

clear the transition counter circuit 165, as below1dese#+bed?_£bncuLLently,
the output fromthe flip-flop on line 134 goes high ognt of three
of the divided clock pulses on Iine 100, d serves tqa" ﬁ gate

of the divide-by-2 circuit 105 (Figure 9) as describ t her
input to the flip-flop conprised of the NOR gates 156 nected
to receive the signal on line 83 fromthe tranS|t|on det ect or 45 (Flgure

7), indicating_ the e, of at nsi o “ a
signal is recgl (v ﬁ%ﬁd?%%l% ?ha nﬁ ?sunq%la St é‘s iy ﬁ%n *’Qggy'
occurred, thesSEatel fqnﬁyapénveeaﬁev ﬁ@@uﬁnlh§1§ﬁemQﬁﬁ[ﬁﬁFl§€aﬂhﬁQﬂ1QQrﬁéiESS to
a high state afdsédiareuhfititaihadcevdn thoggn 34téaayp-dtave’s indiae. Manchestdhe

connect ed o ERETIREAors Nat Paead et ume® Ou put from the NOR gate 159,
as well as the signal on |ine 181, ‘
15. The timing recovery and Manchester data decoding system of
claim 9 further comprising a- test mode control circuit for
controlling whether the input signal ‘or a test signal is
processed. .. '

16. The timing recovery and Manchester data decoding system of
claim 9 wherein said multimode input circuit comprises:

a comﬁarator with inverting and nonéinve:tinq ipputs;

a first resistor by which the input signal is connected tq
the nbn—inverting input;

a second resistor by which the input signal is applied
connected to the inverting input;

a first switch function in series with the second rasistor;

a third resistor connected at one end to the inverting
input of the comparator;

a second switch function connected between another end of
said third resistor and a reference voltage;

a first capacitor connected between the inverting and non-
inverting input of the comparator;

and a second capacitpr'ccnnected between the non-inverting
input of the comparator and ground;

said first and second switch functions being controlled by
said mode control circuit.



25 _ are connected to.the inputs o , Whi ch produces an
output on line 107 that goes | ow on Ei‘ | Eﬁl of the divided cla
pul ses on line 100. The signal on-t L S t ¢ THES SHEEhHAD-BEEN

fli-.p-flop 106 of the divide-by-2 circuit 105 of Figure §

al

. B si gn
fromthe transition counter 165, bel ow described in det dil. m | u.ea.gg—l-@@—'r-s

inverted by an inverter 167, and produced on the output Tine I36 10 reset
the D-type flip-flop 135 of the node control circlhistShetGihs BipaReplacetescr i bed
The pul se generator circuit 130 that provides coun '/ded cl ock
pul ses on line 100 to the node decoder cirguit 110 ' !ﬂet ail in
Figure 11. The pul se generator circuit 130 includes siIX

170- 175, connected as a ripple counter. The divided cl ock pulses on |ine

100 and the signal, indicating that, the count has reached 63 qn line 132
(fromthe NAND $at@ke sy Gf'r?‘h’g" ﬁBHe"ﬂ‘\?&@&gﬁ‘q AREERF Lo £, asﬂ%%?’ﬁsﬁe?i gure

10) are applemsded dika idepecsonffran ORIYHsgeAT 7statiee ipoymspansies tpeaet by
the occurrenggdibstelMARERGRKE ufl @kgudhcd I $h tard InputlisEghd 110 cEOhgidingh | i ne

flip-flops

85, and is clocked b he, di. Vi | 4i 1.0Q; ' '
enabl ed |b§ t he Oing’a%é}tlgﬁgé#he %&‘tc ;L)(t}fgs?dg}rdié&ggl\t/‘g%&%3%%%%%2@%5%88 and

del i vered t oregfdvRpdiredetirisr tign@di tvhePo thfestianghegtepgasoded datyye
oper ati on ofdétteetpul 48 dgenthatquiesicesti $tdt30 tics pfroduceunt datre ouhpbér of

di vi ded cl ock; ahSeSrkpohBEndl ¥ hhidngiequstatiebreis Rubaessighal; i ndi cate

transitions of the VRRCleSLElculR! dni8PPER" LAY B8 €3 rIBGVCGHLT ence of

input signal to compare the input signal to a voltage reference
derived from an input signal average value plus a predetermined _.
offset voltage to produce a data output signal corresponding to
the difference between the voltage reference and the input
si@nal; ‘ .
a circuit for determining if a possible Manchéster encodeq
- data cell has been received in the data output signal from the
' sample and hold circuit to selectively switch said offset
¢ircuit on;
and a circuit for determining if a predetermined number of
data cells have been sequentially received with respective
predetermined states within said data output signal of said
offset circuit to selectively switch said offset circuit off.

18. The wake up circuit of claim 17 further comprising a
_differential amplifier having inverting and noninverting inputs
and an output, and wherein: .

.said input circuit comprises a first capacitor connected
.between said inverting input and a reference potential, and a
second capacitor connected between said noninverting input and
said reference potential, and a first resistor connected between
said input éignal and said inverting input, wherein said data
output signal is produced at the output of said differential
amplifier;



transition indicating pulse on line 85 presets the count
"ones" initial state, after which the di vi ded cl ock pu
sequentially counted. If a count 01 ﬂ I H“u the
node decoder circuit 110 on line hi bi t
cl ocking until the next Manchester data tran5|t|on |nd|
occurs.

er to an al
Sw.on lipe 100 are

STHISBHIETOMS BEEN
ng T REPDECED

=Y~ =Y CQ
ul. LIBLALLS B S L

Addltlonal

control signals are generated by the nDde cont rol C|rcu

t 160 detail s of

cat es

whi ch are shown in Figure 12. The node control cir Bﬂ&@%ia
D-type flip-flop 135 connected to recei v&the out put rontthe

node decoder circuit 110 of Figure 13. The output o

that the count of the divided clock pulses on Iine 100 has reached 63 The

D-type flip- flog é% 4 conpected to be reset by the out
fromthe node d&

put on |line 136

Fcﬁffcul comprises a first resistor connected

between said inverting input of said differential amplifier and

said voltage reference, a second resistor ‘connected between said
inverting input and said input signal, and a switch connected in
series with said second resistor to turn said offset circuit on,
wherein said output of said differential amplifier produces said
data output signal correspondiné to the difference between the
voltage reference and the input signal when said first switch is
closed; and

said diffgrential circuit comprises a second switch in
series with said second resistor, wherein when said second
switch is closed and said first switched is opened, said output

of said differential amplifier produces said amplified input
signal.

19. A method for decoding Manchester encoded data to produce an
nonreturn to zero binary representation of the data, comprising:
. producing a pulse for each transition of the Manchester

encoded data;

generating a sampling signal in timed phase with the pulse
for each transition of the Manchester encoded data;

latching the Manchester encoded data at each occurrence of
the sampling signal and producing an output of the latched data;

and using adaptive threshold detection to receive the
Manchester encoded data with enhanced noise immunity.

20. The method of claim 19 wherein said step of using adaptive
threshold detection comprises providing a plurality of operating
modes at a data input stage of a decoding circuit.



110 of Figure 13, which represents_the jnverted output on line 166 from
transition counter 165, bel ow descri e Dt e flip-flop 135 is
connected to be clocked by the divi iﬁﬂ ,mzl ﬂl n I|

via the OR gate 235. The output fro ro THIS ect ed
to a second input of the OR gate 235 to |nh| b|t the divided cl BER-ARIPses. o
| ine 100 when the output is high. The inverted out put=fTom t he Dtype

flip-flop 135 is connected to one input of a NAND gate 236, the out put of
which is an output signal on line 238 that |§"h1§|§‘@eiflaqu9mWamd the switch 50

of the input stage 41. The switch 50 aI cont ting node of
ected to

the circuit 34. The other input of the ND g

receive the output on line 134 fromthe node decoder circurt 110, shown in
Fi gure 10. The signal on line 134 goes high. after the occurrence of the
third-=count 2f.tTke dietited off cxliaipuR9evhenein nsaikDOstep of Tmovidimg tad,

out put of thgl‘;}gm i ;}mn@ﬁoa& nggdfi-@qmtngasééady-fsltﬁﬁe

conpri sed of e flip-flop is reset by the signal
on line 187 FP %%e%pu'f'%‘ges °%e?é4%arti&r&r cuit 130, corresponding to a count

of eight divi ded cl ock pul ses on output |irne 100. The output fromthe
fl1ip-flop isagonnendtadal Gopnerddueihgoin NRIORagat signd]l csrrebpomdingoraect ed
to receive 1@ gbdn¥ 2ORnbifihahd* ol ehdls MiMBstBPUell in a Manchester
data stream, comprising: X
generating a transition pulse at each transition in the
Manchester data stream;
generating a seriés of timing pulses having a frequency n
times a frequency of said Manchester cells in said Manchester
data stream;
restarting said series of timing pulses in response to each
transition pulse; ot
latching a current state of a Manchester cell upon the
occurrence of each n® timing pulse, wherein m greater than n/2;
counting said timing pulses to provide a timing pulse
count;

restarting said counting in response to each transition
pulse; and

if said timing pulse count becomes greater than n/2,
advancing said latching to latch said Manchester data stream .
upon the next- (n/2)® occurring timing pulse.

23. The method q'f- claim 22 wherein said multiple of the
frequency of said timing pulses is twice the frequency of said
Manchester data stream, and wherein n is 2.

24. A method for producing an NRZ data signal corresponding to
second half states of Manchester cells in a Manchester data
stream, comprising:



27 The out put enable signal on line 244 is connected to enable the
output control circuit 125, bel owdescribed. Thus, in operation, the node

control circuit 160 prevents the quipktt RBdh Rephicginal on [ ine 244 from

goi.ng hi gh and enabling the outputs contr 3y
until after a short dead tine of ei t he di &thggéaédggﬁﬁEﬂs
on |ine 100. The transition co 165 ne1t|on .

conjunction with the description of the node decoder circuit 110, is SHowWn
in Figure 13, and has three D-type flip-flops 190- 192 The first Dt
flip-flop 190 is clocked by a change in state of the HH Huﬁ
dat a appearing on line 250 at the output Y the sanpl It
120, provided the signal LDT-B fromthe node control CIrCUIt 1 0 remai ns

| ow., When LDT-B goes high, the OR gate 195 is inhibited from passing
further tragsi ti oyeniegaediiyg sEbEe@;&ﬂoummefxg tﬂiﬂ.sé&srﬁévﬁgt ¥Peréqidney hanmp 19?|
i s connecte Mty [ we
as to.a fi rst‘g? 2 %eg#‘&%‘{ e%.‘%é‘&t&@ﬁﬁﬁ%‘g% 1?3 i/l'p%neidl ﬁ%‘g‘%}?&# ?).u?a

the first D-typPeedip-flop 190 is connected to its data input. The
second D-type flipgatcbpngdod icursenti | stdte cafhrrecattheskteh iceili npent thke

out put connecbesudrenceSot "gddh sabénd timAugPphlgalnnected to the second i nput

of the NOR gate 1%@&%@@1&8 Eﬁgaoccurrence of a double -wide, pulse in saiad
Manchester data stream;

and resynchronizing said latching to begin on a next

occurring timing pulse after said double wide pulse has been
detected.

25. Apparatus for producing an NRZ data signal corresponding to
second half states of Manchester cells in a Manchester data
streanm, compriéing:

an oscillator to produce a stream of clock pulses;

a pulse generator connected to receive said Manchester data
stream for generating an output pulse at each transition in said
Manchester data streanm; E

a divide-by-n counter connected to be clocked by said clock
pulses from said oscillator, said divide-by-n counter having an.
output that changes state after a predetermlned number of saiad
clock pulses;

a timing flip-flop connected to be clocked by said output
from said divide-by-n counter, -said £lip-flop being connected to
produce an output on every second count of said output from said
divide-by-n counter;

a sampling flip-flop cornnected to receive said Manchester
~data stream on a data input and an output of said timing flip-
flop on a clock input, said sampling flip-flop providing a state
of said Manchester data stream at an output when said sampling
flip-flop is clocked;



clock input of the third D-type -fIip-rop 192. In a simlar fashion, the
thitd Dtype flip-flop 192 is connected—wthr7tS inverted out put connected

to its input; however; the invert % EBéeﬁB.@Jtasa connected to the thj

i nput of the three input NOR gate three Dt ‘.,.“;ﬁp:,r
E&‘ line 13 B
on the thilrd cof

190- 192 are reset by the signal
decoder circuit 110 (Figure 10),
di vided clock pulses on |ine 100, described above Thus, the transition
28 counter 165 serves.to count four ESI'[ ve edges of the sam HHI

Manchester data, and operates to "wake uf® the circuit a“'ﬁl m

time period. Al though the wake up features of the circui

below in detail, briefly, if a count of four is reached before the
resetting signal occurs on line 133, the output on |ine 166 goes high,
waki ng up the renmandderseghehbe counter connected to receive said output of

said divide-by-n counter on a clock input and said output pulses
from said pulse generator on a reset input, whereby said
sequence counter produces a signal indicating when a double wide
Manchester pulse has occurred, said signal being connected to
reset said sampling flip-flop.



circuit in the manner bel ow descri bed. The input BNRZ on line 250 to
the transition counter circuit is also applied to the output control

circuit 125, details of which are shown in Figure 14, The out put control
circuit 125 receives the decoded BNRZ signal fromthe sanmpling or |atching
flip-flop 121 into an enabling AND gate 252, which has an output that is
buffered by an output buffer 253 to provide a data out signal (DOUT) on the
data out line 255. The AND gate 252 is enabled by the output enable signal,
whi ch is devel oped on line 244 fromthe output of the NOR gate 242 of the
node control circuit 160, described abové4w th reference to Figure 12,

The trigger wETHIDTARD %'prmh'r(ﬁ':\”b@t SEcoOD NG ADIIYS, (im@dﬁ:hi‘ pATEpabl ed
AND gate 260, the owyewt agf MaARCARASTER brtderms dara lom ewEpttkeuf fer 261. The
AND gate 260 also is enabled by the output enable signal on line 244 from

t he NOR gat e aB4Zradr tdre TRROSTS@dISURE circuit 160. The other.input to the
AND gate 260 is derived from-the clock signal fromthe oscillator 35,
devel oped on | i neAgordiagatec byoadcadnect ofcthe ifientiark asi gppdratas! i ne
87 is i nvertqd4byf6ﬂ\6ébbalntiﬁa5mhﬁc§é§l€ét bhaoa@drrdae;acgaf@aid isl grédiqea.! i ne

117, devel op b%;f»éﬁ%t gglu tg &Q nst’i # g‘g de cr| ?f’% azbove W th

reference to eTBTRiViIRg;
cycl e ‘del ay d’F‘et HE’“GF‘SERQ’;‘)U%%%&Q% ‘F#‘h?e 933*‘ 9 oBTRdFya t hramsitioe

flip-flop 27Gndibating sngipueswhée autaisitioanot hehd -Hanrhebtip- éActi@ed6t8 on
its data inp%ktﬁngtiﬁﬁhc&é“é&tected. Also,-a circuit (105) is provided to
generate an output control pulsé a predetermined time after the
tfansitibn %Edicating output is produced. A sampling flip-flop
(120) receives the Manchester encoded data stream, and is .
controlled by the output control pulse to output a state of the
Manchester encoded data to an oﬁtpﬁt control circuit (125) when
the output control pulse is generated. In a ,preferred
embodiment, the sampling flip-flop (125) operates %o generate
- binary NRZ form of the Manchester encoded data stream. The .
transition detector (45) may be configured to synchronize the
transition indicating output with a pulse of a clock pulse
stream, and also may include a phase selector to select either

the first or secona'symbol of the Manchester data to tﬁe output '
of the apparatus. -

Figure 5



29 pul ses on line 87 on its clock input. The output fromthe D-type
fLip-flop 270 is connected to one input of a NOR gate 271, the output of
which is connected to the AND gate 260. The other input to the NOR gate 271
is the output fromthe D-type flip- flop 268, which is inverted by an

| fwerter 272. The tim ng pul ses devel oped on output |ine 257 are

del ayed froma state change of the sanmple command signal on line 117 at the
out put of the divide-by-2 counter 105 (and therefore the binary NRZ signal
on line 250) by half a period of the clock signal on line 87. The delay may
be, for exanple, on the order of about 10 [err]sec. The output timng pulse
is then one-half period of the cl odkofsit@nal on line 87, also about 10
[err]sec. The waveforns on the data out |ine 255 and tini ng si gnal
output line 257 are copies of the BNRZ (binary nonreturn to zero) output of
the sanpling MAWRGUESTEOPATA EBIL and t he sanpling puI ses at t?plrthp t fromthe
out put of the divi de\NANCHESIER SINBOL 105, e n i gnal out put

on line 257 is del aye or}e/hmb-f-cmemmnouf 2-}he 'S BeLsey vi ded cl ock
pul ses'on |ine 100. ast to‘ﬁ \CI cwt ?peratl A descri bed
bel ow, the tiyiRepesTERe
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provides for a test node, in which a test signal can be applied to the
circuit via a test node control circuit 55, shown in Figure 15. Thus, the
circuit 34 normally receives the Manchester data containing signal (MDAT)
at sits the multinode i nput stage 41 under the control of the node contro
circuit 160, details of which are shown in Figure 12. However, in order to
provide a test node of operation, with reference again to Figure 15, the
output fromthe nultinode input stage 41 is connected on line 42 to the

i nputs of a NAND gate 210, a NOR gate 211, and a nultiplexer circuit 212.
The out puts fromthe NAND gate 210 and --

30 NOR gate 211 are inverted resgegtiyely by inverters 214 and- 215, and
may be used for desired test or nonitoring purposes. - The nul tipl exer
circuit 212 normally produces the Manchester data containing signal on |ine
42 at its output_on line 88 to the remaining circuitry, as discussed above.

However ,
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If a high test enable signal is applied to the test enable |ine 220, a
Manchester data containing test signal that is applied on the line 221 is
delivered to the output |ine 88. As indi cated above, the timng
recovery and Manchester data decodi ng system 34 has three operating nodes,
dependi ng upon the conditions established by the Manchester data contai ned
in the input signal. The three operating nodes provide for an adaptive

t hreshol d detecti on schene of operation, dependi ng upon the character and
nature of the input signal. The first operating node is the "steady-state"
node, as descri bed above, in which a signal that contains a Manchester
encoded data streamis processed ang‘ﬁqooutput bi nary NRZ signal is
produced at the output. The second Operating node is an "offset"” node in
which the circuit 34 is "sleeping," during which the occurrence of a wake
up Manchester dafga sequence is needed to cause the circuit to "wake-up" to

assune and resuhg t he "sta dy-state" operating node. The third operating
node is a "hol d" de in \Cch the circuit operates etection

of the wake up sgqyence d}reception of normal d h the
circuit biases arfef mai nt al d,ﬂanarﬂﬁnnmﬁrsreadyi de Manghester
encoded data is not—bermgireceived: ' de in which the
circuit - operates [depends & ow t he conparato i sed by it he
switches 50 ang 5B Thus,% wi tches 50 and 58 lare rated to dqel ect one
of three refer&@msk volt I ngs, ] ' :@Qditions get ect ed
fromnonitoring tpe N&E eaéfr ;E@nsition I ndi navef ormin
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31 response to the signals on line 238 of the node control circuit 160
shown in Figure 12. The wavef orns produced for the three reference
voltage settings are outlined in Figures 1l6a-c. Wth reference al so agai-n
to Figure 5, as is apparent the tinme constant at node 2 at the inverting
i nput of the conparator 46 is nuch greater than at node 1 at the

noni nverting input of the conparator 46. Consequently, node 2 responds
primarily to the long term average of the DASK (Denpdul ated ASK) signa
whereas node 1 responds to DASK data transitions. In the "steady-state"
node of operation, having waveforns shown in Figure 16a, switch 50 is
closed and switch 58 is open. In the "steady-state" node, the reference
vol tage 300 at node 2 will equal tHeohJBrage value of the. signal 302 at
node 1. Since the average value of the Manchester data is, always centered

bet ween the high and | ow kgvel s, 1 ' nity is achieved.
In the "hold" node, having waveforns shown i gag re 16b, both sw tches 50
and 58 are opER. Since th@eds|no discha p t he capacitor 60 on node
2 holds the prew ous vol Sdken as pav. ‘ —J0L transoisgi on
formats that containgbur of flata seParaTq_ Z¥<° rg’dead tine}intervals,
such as A 29 S i =] W, o 1
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represented by waveform 306, the "hold" node retains the optinmumthreshol d
bet'ween bursts of valid data. In the "offset" node, having wavef orns
shown in Figure 13c, the reference voltage 308 at node 2 is offset fromthe
aver age val ue of the noise at node 1. The offset voltage is chosen so that
the reference is approximtely at the m dpoint of the high and |ow | evel s
of the weakest valid signal 310 expected at node 1. This node is used
during long dead tine intervals. Conparator output noise is suppressed far
bel ow that which is seen in npbst renot-e control receivers where the
reference voltage is allowed to becone-equal to the noise average val ue.
32 Al t hough the conparator noise imunity in the "offset" node may
not be as good as in the "steady-st&t#"10hpde, a sinple transm ssion fornat
conbined with further signal processing can nearly elimnate the
possibility of a false wake-up sequence .
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foll owed by noise at the data out line 255 (Figure 14). Aformat with a
waKe- up sequence and short dead tinme interval such as shown in Figure 17
may be used. As can be seen, the wake-up sequence includes a nunber of
simlar pulse transitions 314-323, followed by a dead tine interval 326,
which, in turn is followed by the desired Manchester data stream 328, 330.
In the enbodinent illustrated, an initial sequence of 8 Manchester
transitions 328 is sent to assure proper synchronization, although this is
not absol utely necessary. After the synchronizing sequence 328, the actual
Manchester data of interest 330 is transm stted. Wth this format, the
data out on line 255 and the tim ng pul ses on output line 257 fromthe
output control circuit 125 (Figure &4 Wre only active after a valid
wake- up sequence and short dead time have occurred. They will remain active

until another dead tine-interval is detected. The node.control circuit
160 responds to the Manchester transition indicating pulse and §0vi ded
clock pulses on line 100 to deternu?z‘?he ropriate conparat ¢t reference
node. During a |ong, dead titage, the set™Ynode is i“ﬂfffect,.and any .
detected transitiond8bf theNransition i ndi cating pul Se star'$8 a candi date
wake up seque | at gr—46—+efar-As—+A—the— “mf¥egde until a
val i d wake up <BBldetrEyiF ‘Vi Wake up COnsTsts ‘D p er mi ned
nunber of prop 3ake m al__trangi=tTons=~-ar proper spacing, the
separati on bet any ((wWpjtra s14di-dAd nugt hes 1eh st t synbol :
widths. This i ey $ ¢ th iy L4 P on line 100 -
foll owi ng ever S on o) he nee he .
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33 _ sequence is rejected and starts over at the next detected transition.
More particularly, as shown in Figure 18, the waveforns at various nodes of
the input circuit 41 are shown in greater detail. During a wake up
sequence, the reference for the conparator 46 charges toward a final val ue
of the signal average plus offset, shown by curve segnent 340. Foll ow ng
wake up, the reference is switched to "nornmal” node at point 342. As is
apparent fromthe figure, during wake up the reference charges nore

qui ckly-toward the average value than it would if "steady- state" node were
used. This is due to both the reduced tinme constant and the presence of an
of fset voltage. Since in the enbodinent illustrated there are twelve
transitions in the wake up burst, bdtofloMy four are required for wake up,
the systemw ||l ordinarily be awake before the entire burst is conplete.

Al t hough this allows additional tine for t referepce to settle toward the
true average value, it is obviously advan eous i fEidgi s al ready cl ose
when "steady-state" node is swijagched in. s is paZ8gularly true for very

weak signals or. higly noise’ i ons wher eswake yp-can occw.pear or at
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wake up burst. After the circuit has been awakened, a short dead tine
occurs in region 344. (It should be noted that the dead tine region 344
illustrated in Figure 18 has been shortened for purposes of illustration. A
typical dead tine may be, for exanple on the order of 2 mlliseconds, or

| onger.) The data out signal on line 255 and the timng pulses on |line 257
are enabled at the end of the short dead tine that foll ows wake up. This
hol d of f prevents outputting data fromthe remaining portion of the wake up
burst. The short dead time is detected by counting the divided pul ses on
line 100 foll ow ng each Manchester transition pulse. If the count reaches
three, a short dead tine ) 34 IS
initiated and the conparator referggegqpois switched to hold node. These
settings remain in effect until either detected transitions resune or the
count of divided clock pulses on :
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output line 100 reaches 64. |If detected transitions occur first, the count
of t.he divided clock pulses on output line 100 is set to zero, the
conparator reference-is set to the "steady-state" node, the outputs are
enahl ed, and decoded data and tim ng pul ses or triggers appear at
respective output lines 255 and 257. Al t hough the invention has been
described and illustrated with a certain degree of particularity, it.is
understood that the present disclosure has been nmade only by way of
exanpl e, and that numerous changes in the conbination and arrangenent of
parts can be resorted to by those skilled in the art wthout departing
fromthe spirit and scope of the invention, as hereinafter clained.
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1. An apparatus for decoding a Manchester encoded data stream conprising:
a {ransition detector for receiving the Manchester encoded data streamto

proguce a transition indicating output when a transition of the Manchester
encoded data streamis detected;

contro

out put is produ

pul se a predeter-

ced;

a circuit to generate an out put

encoded data stteam controlled by the output control

mned time after said transition indicating
a sanpling flip-flop receiving the Manchester

pul se
state of the Manchester encoded data when said out put control

to output a
pul se is

gener at ed, sai d apparatus further conprising a phase selector to select a

known hal f of a Manchester data cel
apparatus of claim1 wherein said ghﬁb

occurring after a transition.

bi nary NRZ form of the Manchester encoded data stream -

of claim1 further conprising a clock geggrator for generating a clock
pul se stream at a frequency hi gher than

stream

4. The apparatus of claim 1l whe

second half of a Manchester data cell

Manchest e

r

2. The

ﬂ?ng flip-flop operates to generate a
3. The apparat us

encoded dat a
ase sel ector

sel ects a

Etaid
appg atus of claim1 wherein

sai d phase selector selects a first half Eé Manci@ester data cell. 6
The apparatus of claim5 further conpri siFhg an inv&ter to invert the
out put .from sai d f||l)- | == 1
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decoding system conpri sing: an osci

a mul tinode input circuit connected to re
contain a Manchester encoded data signa

si gnal ; a transition detector connec
fromthe nultinode input circuit for gen
i ndicating pul se at every Manchester data
transition counter circuit connected to r

o ﬁ%/, -0 .
fl op. 36 7. Atimng recovery and Mriche r data
t put ”ﬁg

7
445

(RELACERAT, S

qn

to out put a [dg
ﬁe t@6rHePBH tihe
r 4t i ng a Manchgst
t

1o3£&r .
nal th y
ta containing
out put signal
er transition
a Manchester

bcei ve t he out put

pul ses fromthe

oscillator to produce a predeterm ned nunber of oscillator pulses after a

Manchest er

According to a broad aspect of the invention, there is provided an apparatus for
decoding a Manchester encoded data stream, comprising:

a transition detector for receiving the Manchester encoded data stream to produce
a transition indicating output when a transition of the Manchester encoded data stream is
detected;

a circuit to generate an output confrol pulse a predetermined time after said
transition indicating oufput is produced;

a sampling flip-flop receiving the Manchester encoded data stream, controlled by
the output control pulse to output a state of the Manchester encoded data when éaid output
control pulse is generated said apparatus further comprising a phase selector to select a
known half of a Manchester data cell occurring after a transition.

In a preferred embodiment, the sampling flip-flop operates to generate a binary
NRZ form of the Manchester encoded data stream.

According to another broad aspect of the invention, a wake
up circuit for initiating operation of a Manchester encoded data
detector from a quiescent state in response to a Manchester data
wake up sequence in an input signal is provided. The circuit
includes a low pass filter circuit and hold circuit which is
initially off to receive the input signal when the
Manchester encoded data detector is in the quiescent state. The
low pass filter circuit produces an output signal corresponding
to the average value of the input signal. An offset circuit
which is initially on shifts the low pass filter output signal
to produce a voltage reference. A comparator circuit produces a
data output signal corresponding to the difference between the
voltage reference and the input signal. A circuit is provided
for determining the time between transitions in the Comparator



data transition; a divide-by-2 circuit connected to receiwe the
oscill-ator pulses fromthe Manchester transi NH%HESHEET'CUIt to
generate a sanple command signal ; and a s cpnnected to
receive the output fromthe divide-by-2 circuif jand tg M&ﬁf éster encoded
data to latch the a state of the Manchester enfode8&dbhk response to the
output fromthe divide-by-2 circuit. 8. The tim ng recoveryland
Manchest er data decodi ng systemof claim?7 fur{hér conprising: a
pul se generator circuit connected to receive oltput —puses—rorh said
oscillator and produce an output count thereof; a node decoder
circuit conrdoised tandeamhevefipet odvptth clcwnbpéxﬁéur) S&hd mutgﬁltgeagraﬂ{g

Tt | t t t t f
S 0 bu so HIREABARILRL R, Ok s &Y BR86SEES InaOuRb R Pl HideRRRRE cishibar
to receive e daput sdgpadfandcthritaversgef vaiue mﬁdmhqkangk§'51gna¢U|t
sai d mode contrgleceitHlt t8e50011 MG $rblaSaEBELE VEE Ve kO A iind 2, TOde

of said nult|noq51|n put Circult,
od "is provided for decoding Manchester encoded data to

produce an nonreturn to zero binary representation of the data.
The method includes produciﬁg a pulse for each transition of the
Manchester encoded data, and generating a sampling signal in
timed phase with the pulse for each transition of the Manchester
encoded data. The Manchester encoded data is then latched at
N 2ach occurrence of the sampling signal an output of the latched
' data is produced. An adaptive threshold detection is used to
receive the Manchester encoded data with enhanced noise

1mmun1ty The step of using adaptive threshold detection
includes providing a plurality of operating modes at
a data input stage of a decoding circuit, such as a “steady-
state” mode and “offset” mode of operation. In one embodiment,

a “wake-up” mode of operation is provided.

According to yet another broad aspect of the invention, a
timing recovery and Manchester data decodinq system is
presented. The system includes an oscillator providing output
pulses and a nmultimode input circuit connected to receive a
input signal that may contain a Manchester encoded data signal

N and to output a data containing signal. A transition detector is
connected to receive the output signal from the multimode input
circuit for generating a Manchester transition indicating pulse
at every Manchester data transition. A counter synchronizgd by
Manchester transitions circuit is connected to divide the cutput
pulses from the oscillator by a predetermined count to produce
output pulses.startind a predetermined number of oscillator
pulses after & Manchester data transition. A divide-by-2 circuit
is connected to receive the pulses from the cdunter circuit to

- 6 -



37 9. The timng recovery and Manchester data tg—systemof claim 8
wher ei.n sai d node decoder circuit is a |ogic gat N-T’SHEE@ timng

recovery and Manchester data decoding system of glfarm 7 fortierjcenpri si ng:
an output control circuit connected to receive the dptg Ugtzgmed by said
sanpling circuit and said transition indicating pL1I ses #or produicf ng an NRZ
out put data signal and output timng pulses. 11 e oyery and

Manchest er data decodi ng system of claim-10 furtfher conprising a fircuit to
del ay the output timng pulses by one half cycle IZ. Thetrm recovery
and Manchester data decodi ng- syst em of aim7 wherein said nultinode input
circuit has a "steady- state" node in which a signal that contains a

Manchest er enco j roce n n.o bi nar i gnal
s produced at  Leendfa Sret HbhA, URE RRGH0R el < fcRier caT ShtrPS L °Cr
a wake up Neeaslingsa Manchester sacpged detai sireamedetbrisiagcause the circuit to
"wake-up" to assune and resune the "steady- state" operating node, and a

"hol d* node during which circuit biases are naintai ned even though
" st eady- st attensitiod edetéatarhfes treceiving the Manchester encoded data stream to produce a

transition indicating output when a transition of the Manchester encoded data stream is
detected:

a circuit to generate an output control pulse a predetermined time after said transition
indicating output in produced; -

a sampling flip-flop receiving the Manchester encoded data stream, controlled by the
output control pulse to output a state of the Manchester encoded data when said output
control pulse is generated, said apparatus further comprising a clock generator for
generating a clock pulse stream at a frequency higher than said Manchester encoded data
stream , wherein said transition detector is connected to receive said clock pulse stream
and wherein said transition detector is configured to synchronize the transition indicating
output with a pulse of said clock pulse stream.



encoded data is not being received. 13. The ti m ngr+eeevwey—and Manchester

dat a.decodi ng systemof claim?7 further conprising BREHSQW@HBEF'

circuit for controlling whether the input signal orj]a [em stgtret—+S

processed. 14. The tim ng recovery @/?@Eh@a erl data
decodi ng system of claim7 wherein said nultinode i np t Ci onpyi ses:
a conparator with inverting and non-inverting inputs a fjirstiresistor
by which theinput signalis connected tq the non-i nvert | ng i nput; a

second reS|sto

_ put sigpal is applied Tomeetee—to—the
inverting inpu ll ” [ H" %tl‘lgw tch function in series with the second
; * ¢ L H § %

resistor;

CLAIMS:

1. An apparatus for decoding a Manchester encoded data stream,
comprising:

a transition detector for receiving the Manchester encoded
data stream to produce a transition indicating output when a
transition of the Manchester encoded data stream is detected;

a circuit to generate an output control pulse a predeter-
mined time after said transition indicating output is produced;

. a sampling flip-flop receiving the Manchester encoded data
stream, controlled by the output control pulse.to output a state
of the Manchester encoded data when said output control pulse is

~ generated,said apparatus further comprising a phase selector to select a known half of a

Manchester data cell occurring after a transition.

2. The apparatus of claim 1 wherein said samplinhg vflip—flop
operates to generate.a binary NRZ form of the Manchester encoded
data strean. '

3. The apparatus of claim 1 further compris:.ng a clock generator
for generating a clock pulse stream at a frequency higher than
said Manchester encoded data stream.

4, The apparatus of claim 1 wherein said phase selector selects a second half of a
Manchester data cell.

5, The apparatus of claim t wherein said phase selector selects a first half of a Manchester
data cell.

6. The apparatus of claim 5 further comprising an inverter to invert the output from said flip-
flop.



a third resistor connected at one end to the inverting_input of the

conpar at or; a second switch function connecte m E*"]‘Lf'nd of
said third resistor and a reference voltage; 5+ capac:

connected between the inverting and non- inverting i of L 1coTparat or;
and a second capacitor connected between the non-in d JU &ﬁp { he
conpar at or and ground; said first and second s 'tch functlons bei ng
controlled by said node control circuit. 15. A wake up circuit for

initiating operation of ster encoded data escent
state in respon l %@ dat 8wake up sequence in an input signal;
conpri si ng: it with a hold node which is initially off
to receive the |nput si gnal when the Manchester encoded data detector is
in the quiescent state to produce a data output signal corresponding to a
sanpl ed st at.e 20f tihi?ng npedowirgnadnd Manchedttedf faadia CdddddingWiydltens

initially ?Qm D1 L HRP |ve the input signal to conpare the input signal to a
voltage re nce er| ved from ap i nput signal average value plus a

predet ermi ned ¥t I FBEPR VI RD RIEEVE BESESut put si gnal cor respondi ng
to the differencsubbimgen inpet voitage raehaeghed tmdrédeivenput inpugnal ;
signal that may contain a Manchester encoded data signal and to
output a data containing signal;

a transition detector connected to receive the output
signal from the . multimode input circuit for generating a

Manchester transition indicating pulse at every Manchester data
N/ transition;

a Manchester transition counter circuit connected to

receive the output pulses from the oscillator to produce a

. predetermined number of oscillator pulses after a Manchester

data transition;

a divide-by-2 circuit connected to receive the oscillator

- pulses from _the Manchester transition counter circuit to
gerlerate a sample command signal;

and a sampling circuit connected to receive the output from

the divide~by-2 circuit and the Manchester encoded data to latch

the a state of the Manchester encoded data in response to the
output from the divide-by-2 circuit.

8. The timing recovery and Manchester data decoding system of
N claim 7 further comprising:

a pulse generator circuit connected to receive output
pulses from said oscillator and produce an output count thereof;

a mode decoder circuit connected to receive the output
count from said pulse generator circuit to provide outputs on
preselected counts of said output count from said pulse
generator circuit;

and a mode control circuit connected to receive at least
some of the outputs of said mode decoder circuit, said mode
contral circuit being. connected to selectively control the mode
of said multimode input circuit.



39 a circuit for determning if a possible Ivanchester encoded data

cell has been received in the data output signal ML
' AC

circuit to selectively switch said offset circuit
for determining if a predeterm ned nunber of datajc
sequentially received Wi th respective predeterm
data out put signal of said offset circuit to sele¢

circuit off. 16. The wake. up.circuit of claim | 5 L tther—corpri S
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out put, and wherei Umﬂmmmn“ﬂ t circuit conprisés a rrrst capacitor
connect ed between put 3nd a reference potential, and a

ial anplifier having inverting and noninyerting inputs ang

second capacitor connett ed Hetﬁeeh sai d noni nverting input and sai d
reference potential, and a first resistor connected between said input
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10. The timing recovery and Manchester data decoding system of
claim 7 further comprising:

an output control circuit connected to receive the data
latched by' said sampling circuit and said transition indicating

pulses for producing an NRZ output data signal and output tining
pulses. : '

11. The timing recovery and Manchester data decoding system of

claim 10 further comprising a circuit to delay the output timing
pulses by one half cycle.

12. The timing recovery and Manchester data decoding systém of
claim 7 wherein said multimode input circuit has a “steady-
state” mode in which a signal that contains a Manchester encoded
data stream is processed and an ou;éput binary NRZ signal is
produced at the output, an “offset” mode during which : the
occurrence of a wake up Manchester data sequence is.needed to

cause the circuit to “wake-up” to assume and resume the “steady-
state” operating mode, and a “hold"” mode during which circuit
biases are maintained even though “steady~state” mode Manchester
encoded data is not being received.

13. The timing recovery and Manchester data decoding systém of
claim 7 further comprising a test mode control circuit for

controlling whether the input signal or a test signal is
processed. ’

an



said vol tage reference, a second resistor connected between said inverting
I nput. and said input signal, and a switch connected iF Er LS n-th——
sai d-second resistor to turn said offset circuit on, MMW{EMT(S}EETFM
of said differential anplifier produces said data oufput signal
corresponding to the difference between the voltage [efepag

[ the
i nput si gnal when SaLQ_iLL§L_§EL%Ean§ cl osed; and sa|gL§??}e efti al
circuit conprises a second switchi series with said ' r
wher ei n when sai d sec@m!uw'mmmm losed and said fjrst switched is
opened, sai d out put m lal anplifier produces sardanptified
i nput  si gnal . oS T 38 40 17. A nmethod for
decodi ng Manchester encoded data to produce an nonreturn to zero binary

representatign Qhe! 93! 2ecSPMY adkN@anchester data decoding system of
claim 7 wherein said multimode input circuit comprises:

a comparator with inverting and non-inverting igputs;

a first resistor by which the input signal'is connected tg
the nbn-inverting input;

a second resistor by which the input signal is applied
_connected to the inverting input;

a first switch function in series with the second resistor;

a third resistor connected at one end to the inverting

W input of the comparator;

a second switch function connected between another end of
said third resistor and a reference voltage;

a first capacitor connected between the inverting and non-
inverting input of the comparator;

and a second capacitpr-ccnnected between the non-inverting
input of the comparator and ground;

said first and second switch functions being controlled by
said mode control circuit.

15. A wake up circuit for initiating operation of a Manchester
encoded data detector from a quiescent state in response to a
Manchester data wake up sequence’ in an input signal; comprising:
an input circuit with a hold mode which is initially off to
N receive the input signal when the Manchester encoded data-
detector is in the quiescent state to produce a data output
signal corresponding to a sampled state of the input signal;
an offset circuit which is initially on to receive the
. input signal to compare the input signal to a voltage reference
derived from an input signal average value plus a predetermined
offset voltage to produce a data output signal corresponding to
the difference between the voltage reference and the input
signal; ' '



producing a pul se for each transition of the Manchester encoded dat a;

generating a sanpling signal in tinmed phase with the

transition of the Manchester encoded dat a; I WAQWRS '.Jg;ter

encoded data at each occurrence of the sanpling sijgnal and producing an

out put of the latched data; and using adaptive thBésﬂULdﬂ&‘et bct i on
y

to receive the Mang encoded data wi th enhanced noi se i muni |
wherein said step of ;ﬂ @m g t hreshol d det ec| i on conprises
0

provi ding a plurality' es at a data _nput stage of a
decoding circuit. 18. The net hod" of baim 17 wherein said step of
providing a pIurallty of operating nD s conpri ses providing

st eady- st at e” a&@u efe‘oiea m&amfmae{;@ggme Mancﬁésu_«% g@g g for
pr oduci ng nown hal f of

resp
product ng, AR N fotaob gl col SPRONELIG A0 cusifle Sipn Erom.oh
generating Sampian@mil dwlpulosecait ebeh selaegbivdlon $wittdhe said Naffidedst er dat a
stream circuit @gnerati ng a series of timng puI ses having a frequency

iy omny @ TredugRe ol ol (ML ELiks e ik SAABIED B3 dat a

st ream sald serie Ses i-n g%p&nse
each ldra&ﬁsﬂelléﬁ Baye e‘°een Seq“en“?]étl’c Hie!ﬁjlge ur r"@rﬁh Fespectdivey

Manchest er predetepuinedhetates withinr eadd dhteaochtpher sighdlrion) grdldse,

wherei n m @rgaker ci)hﬁﬂtn{:@selectlvely s Pt g asakfsdd MirguPulozgs . to
provide a timng pul se count; restarting said counting in.
response to. each transition pul se; and

.16. The wake up circuit of clain 15 further comprising a

N\ . differential amplifier having inverting and noninverting inputs
and an output, and wherein:
.said input circuit comprises a f irst capacitor connected
.between said inverting input and a reference potential, and a
second capacitor connected between said noninverting input and
said reference potential, and a first resistor connected between
said input éignal and said inverting input, wherein said data
output siqﬂél is produced at the output of said differential
amplifier;

said offset circuit comprises a first resistor connected
between said inverting input of said differential amplifier and
said voltage reference, a second resistor ‘connected between said
inverting input and said input signal, and a switch connected in
series with said second resistor to turn S.aid offset circuit on,
S " wherein said output of said differential amplifier produces said
data output signal correspondiné to the difference between the
voltage reference and the input signal when said first switch is
' closed; and
said differential circuit comprises  a second switch in
series with said second resistor, wherein when said second
switch is closed and said first switched is opened, said output

of said differential amplifier produces said amplified input
signal.



If said timng pul se count becones greater than n/2, advanci ng said
|l atching to |atch said Manchester data stream upon the next

(n/2)[err] occurring timng pulse. 2 T claim
19 wherein said nmultiple of the frequency of said t P@@mqﬁmim ce
the frequency of said Manchester data stream and wherein n is 2. 21. A

met hod for producing an NRZ data signal correspondi ni 0 Ote UM ROBRI | 4t at es
of Manchester cells in a Manchester data stream conprjsing:

generating series of timng—putses having a frequenc alt of a frequéncy

of said Ivanchestemf,im_ I e e VBNChest er data strgam latching a
current state of I2HHEmN m#’m#,ll upoA® the occurrence of each second
ti mng pul se, L B M :

o~

17. A method for decoding Manchester encoded data to produce an
honreturn to zero binary representation of the data, comprising:
producing a pulse for each transition of the Mahchester
encoded data;
generating a sampling signal in timed phase with the pulse
for each transition of the Manchester encoded data; '
latching the Manchester encoded data at each occurrence of
the sampling signal and producing an output of the latched data;
W and using adaptive threshold detection to receive the

Manchester encoded data with enhanced noise immunity, wherein said step of using

adaptive threshold detection comprises providing a plurality of operating modes at a data
input stage of a decoding circuit.

18. The method of claim 17 wherein said step of providing a

plurality of operating modes comprises providing steady-state”
and “offset” modes of operation.

19. A method for producing an NRZ data signal corresponding to
states of a known half of each Manchester cell in a Manchester
data stream, comprising:

-

generating a transition pulse at each transition in the
Manchester data stream;

generating a series of timing pulses having a frequency n
times a frequency of said Manchester cells in said Manchester
data streanm;

restarting said series of timing pulses in response to each
transition pulse; o ot ,
latching a current state of a Manchester cell upon the
occurrence of each m® timing pulse, wherein m greater than n/2;.
counting sdid timing pulses to provide a timing pulse
.count; .

restarting said counting -in- response to. each transition
pulse; and _ L ' - '

if sajid timing pulse count becomes greater than n/2,
advancing said latching to latch said Manchester data stream.
upon the next- (n/2}% occurring timing pulse. -



detecting the occurrence of a double w de, pulse in said Manchester data

stream and resynchroni zing said latching to
timng pul se after said double w de pul se has been
for producing an NRZ data signal corresponding to
Manchester cells in a Manchester data stream conp
oscillator to pf‘ﬁuce-a~s%¢eanLQ_**lock pul ses;
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oscillator, said divide-by-n counter haV|ng an out put that changes state
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after a predetern1ned nunber of said clock pulses;

Manchester data stream, and wherein n is 2.

21. A method for producing an NRZ data signal corresponding to
second half states of Manchester cells in a Manchester data

stream, comprising:

generating series of timing pulses having a frequency half,
of a frequency of said Manchester cells in said Manchester data

stream;

latching a current state of a Manchester cell upon -the

occurrence of each second timing pulse;.

detecting the occurrence of a double -wide, pulse in said

Manchester data stream;

and resynchronizing said latching to begin on a next
occurring timing pulse after said double wide pulse has been

detected,

22 . Apparatus for producing an NRZ data signal corresponding to
second half st;ates of Manchester cells in a Manchester data

stream, comprising: -

an oscillator to produce a stream of clock pulses;’
a pulse generator connected to receive said Manchester data
o stream for generating an ocutput pulse at each tran51tion in saiaqd

Manchester data stream;

a divide-by-ir counter connected to be clocked by said clock

pulses from said oscillator, said divide-by-n counter having an.
output that changes state after a predetermined number of said
clock pulses;

a timing flip-flop connected to be clocked by said output
from said divide~by-n counter, -said flip-flop being connected to

produce an output on every second count pf sald output from said
divide-by-n counter;
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i*nput ,

CINGCU, Q
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(7))

i nput, whereby sai d sequence counter produces _a sianal

i ndi cati ng when a-doubl e wi de Manchester pul se has oFcurred, said sig

bei ng connected to reset said sanpling flip-flop.

a sanpling flip-flop connected to receive said Manchester data
streamon a data input and an output of said timng flip-

said sanmpling flip-flop providing a state of
stream at an output when said sanpling flip-flop is
sequence counter connected to receive said output of

zl I.vi de- by{n
counter on a clock input and said output pul ses from sgai g%dl\-ﬁgiﬁ)&gner
on a reset

ock

al
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a sampling flip-flop connected to receive said Manchester
data stream on a data input and an output of said timing flip-
flop on a clock input, said sampling fiip-flop providing a state

of said ganchester data stream at an output when said sampling
flip-flop is clocked;

and a sequence counter connected to receive said output of
said divide~by-n counter on a clock input and said output pulses
from said pulse generator on a reset input, whereby said
sequence counter produces a signal indicating when a-double wide
Manchester pulse has occurred, said signal being connected to
reset sald sampling flip-flop.

—_—
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43 23. An apparatus for decoding a Manchester encoded data stream
conpri si ng: a transition detector for receiving the Manchester encoded
data streamto produce a transition indicating output when a transition of

t he Manchester encoded data streamis detected: te an
out put control pulse a predetermned tinme after sai mmm%m ating
out put in produced; a sanpling flip-flop receiving the Manchestell ¢ncoded
data stream controlled by the output control pulseftlo &6 gUL 280kt 4t ¢ of

t he Manchester encoded data when said output control fpul se is genefated,
said apparatus further conprising a cl@gk generator| for generating ajcl ock
pul se stream at a frequency hi gher than said Manche ajstream

, Wherein said transition detector is connected to receive said clock pul se
stream and wherein said transition detector is configured to synchronize

the transpii onah Bghsratul it debdding a ManbheébtdtEnebdedl datfbirbdi Bsiiprititigse Stream

a transition detector for receiving the Manchester encoded data stream to produce a
transition indicating output when a transition of the Manchester encoded data stream is
detected:

a circuit to generate an output control pulse a predetermined time after said transition
Y, indicating output in produced;

a sampling flip-flop receiving the Manchester encoded data stream, controlled by the
output control pulse to output a state of the Manchester encoded data when said oufput
control pulse is generated, said apparatus further comprising a clock generator for
generating a clock pulse stream at a frequency higher than said Manchester encoded
data stream , wherein said fransition detector is connected to receive said clock pulse
stream and wherein said fransition detector is configured to synchronize the transition
indicating output with a pulse of said clock pulse stream. —_—
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