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METHOD ANO APPARATUS FOR DECODING NOISY, INTEBMITTSNT DATA, 
. SUCH AS MANCHESTER ENCODED DATA OR THE LIXE 

BACKGROUND OF THE INVENTION 
1. FIELD OF THE INYEHTION 

This invention relates to improvements in methods and 
apparatuses for decoding no~sy, intermittent data, such as 
Manchester encoded data, or the like, and additionally relates . . 

to methods and circuits haviliq multiple modes of operation 
depending upon the data signal that is received. 
2. RELEVANT BACKGROUND 

Manchester enc~ed data is useful for re.liably transmitting 
telemet~ and other types of data. Typically, for example, a 
Manchester encoded data stream may be generated from an encode~ 
telemetry data stream, which may be, for ex~mpl.e, •·a binary, 
nonreturn-to-zero. (BNRZ) encoded signal (or data stream encodea 
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 transmis~ion by any means, especially via radio 
frequency transmissions, is that the signal becomes noisy, 
accumulatin9 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 telemetry fields, ·d~ines data states of the signal to 
be encoded by the ~irection of midpoint transitions in an encOd.­
ing siqnal, which will become the Manchester . encoded data 
stream. The Manchester encoded data stream has time se~~ntial 
Mcells" of equal duration. At the midpoint of each cell, the 
data chanqes state in ~ direction that indicates the state of 
the siqnal to ba encoded. 

Thus, for.example, a transiti~n from a hiqh to low logic 
state indicates that the siqnal to be encoded is in a logic low 
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state. on the other hand, a transition from a low to hiqh loqic 
state indicates that the siqnal to be encoded is in a loqic hiqh 
state. Of course, at the end points of each cell, the state 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 loqic hiqh state so that the midpoint transition from 
hiqh to low can be realized. Alternatively, if a logic one is to 
be_ encoded, the signal that will fox;m th~ Manchester encoded 
data stream must be in an initial logic lo~ state so that the 
midpoint transition from low to high can be real~zed. 

It can therefore be seen that ·if a series of logic states 
that are the same are encoded, the resulting Manchest~ encoded 

. " 
signal will.be a square wave of period equal to the length ol 
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 decodinq Manchester encoded data have 
been proposed. One popular technique is to use a phase locked 

. t . 

loop circuit. In practice, however, sometimes. a Manchester 
encoded siqnal is formatted to provide a "wake up" sequence,· 
such as ten data cells, rollowed by a short dead time, followed 

..: by the actual data. since the wake up sequence is so short, only 
10 data cells, the circuit miqht not lock and miqht drift durinq 
the short dead time. Thus, the commonly used phase locked loop 

• decoding technique cannot be_used. 
Other decoding techniques employ analoq.anddiqital matched 

f~lters, inte~ate and dump schemes~ and hiqbly over sampled 
digital signal processing techniques• Lonq synchronization time 
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and high component count preclude the use ot most· ot these 
schemes. 

one method that has been proposed employs a qating circuit 
that responds to the mid-cell transitions in a Manchester 
encoded waveform to produce an enabling signal. The enabling 
signal causes a clock circuit.to generate high frequency clock . ~ 

pulses, which are accwaulated in ~ programmable counter. If the 

counter exceeds a clock count threshold before the beginning of 
the following enabling signal, a s~rage element is caused to 
sample and stcsre the encoded waveform. 
SUMMAR;Y Of THE DfVENTXON 

In light of the above, therefore, ~t is an object of the 
invention to provide an improved·· circuit.· and. method for 

'" Manchester data decoding and timing recovery. p 
• 

It is another object of the invention to provide a? 
improved circuit and method of the type ~ascribed that has 

various modes of ·~peration, depending upon the nature of the 
input si~l. 

It is. another <:>bject of the invention to s;:>:z::ovide 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 M~nchester data is received. 

. It is another object of the invention to provi~e an 
improved circuit and method.bf the type described that has a 
•hold" mode in which a pr~de1:ermined 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 detalled description of the invention, when read in 
conjunction with the accompanying drawings and appended claims. 

• 
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Accordinq to a broad aspect of the invention, an apparatus 
for ~ecodinq a Manchester encoded data stream is provided. The 
appa~atus includes a transition detector for receiving the 
Manehester encoded data stream to produce a transition 
indicatinq output when a transition of the Manchester encoded 
data stream is detected. Also, a circuit is provided to qenerate . . . 

an output control Plll:se a predetermined time aft~ the 
trans~tion indicating output is produced. A sampling flip-flop 
receives the Manchester encoded data stream, and is controlled . 
~y the outpu•control pulse to output a st~te of the Manchester 
encoded data when the output control pulse is generated. 

In a preferred embodiment, the sampling flip-f~op operates 
to generate a binary NRZ form of the Manchester encoded data 
stream·.· The transition detector may be confiqured to sY-ndu-oniz~ .. the transition indicating output with a pulse of a clock pulse 
stream, and also may include a_ph~se selector to select either· 
the first o; second symbol of Manchester 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 i~put 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 
Manchest:er encoded data detector is in the.quiescent state. The 
low P.ass filter circuit pr~uces an output siqnal correspondinq 
to the averaqe 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 co•parator circuit produces a 
data output "signal corresponding to the difference between the 
voltage reference and the input signal. A circ\iit~is provided 

't ~ for determining the time between transitions in comparator 
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output signal to selectively switch the hold circuit·on after a 
first predetermined time, the hold circuit off and offset 
circuit on after ~ second lonqer predetermined time, and the 
hold circuit off immediately after any transition. A 
differential circuit produ~es an amplified input signal, and a 
circuit is provided for determining if a predetermined nwnber of 

\ . 
data cells· have been ~equentially received with respective 
predetermined states within the data. output signal of the 
comparator. circuit to selectively switch the offset circuit off. . . 

The walte up circuit may also include a differential 
amplifier bavinq invertinq and noninverting inputs and an 
output. Also, the comparator circuit may include a first 
capacitor connected between the invertinq input and a reference .. 
potential, and a second capacitor connected 'between the. . . 
noni~vertinq input and the reference potential. A first resistor 
may be connected between the input signal and the. inverting 
input so that the voltaqe at ~e invertinq input corresponds to 
the average value of the input siqnal. 

The offset circuit may also include a first resistor 
conn~cted between the inverting inpµt of the differential 
amplifier and a voltage reference, a second resistor connected 
between the noninverting input a~d _the input signal •. A switch 
may be connected in series with th~ f ir~t resistor to turn the 
offset circuit on so that the voltage_ at the inverti~q i~put 
corresponds to the average value of the input signal plus an 
offset voltage. The output of the differential • 
amplifier produces the data output signal corresponding to the 
difference between the average value of the input siqnal pulse 
offset voltage and the input signal wh•n 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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closed and the first switch is opened, the output of the 
differential amplifier produces the amplified difference between 
the input signal and the average value of the input signal. 

According to still another broad aspect of the invention, 
a method is provided for decoding Manchester encoded data to 
produce an nonreturn to zero binary representation of the data. 
The method includes.producing a t>ulse 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.--.rhe 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 usinq adaptive threshold detection, 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 ~f operation is provided. 

According to yet another broad aspect of the invention, a 
timing 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 
in~t signal ~t may contain a Manchester encoded data siqnal 
and to output a data containinq signal. A transition detector is 
connected to receivta the output signal from the multimode input 
circuit for qeneratinq a Manchester transition indicatinq pulse 
at every Manchester data transition. A counter synchroniz~d 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 
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generate a sample cqmmand siqnal, and a samplinq circuit is 
connected to receive the output from the divide-by-2 circuit and 
the Manchester encoded data to latch the state of the Manchester 
encoded data in response to t~e output from the divide-by-2 
circuit. 

In one embodiment, the_ timing recovery and Manchester data 
decoding ~ystem may also include a mode decoder circuit, which 
may be a logic qate array or similar circuit, connected to 
receive the outp~t count from the counter circuit to provide 
outputs on pt'eselected counts of ·the o~tput 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 beinq connected to selectively 

•· control the mode of the multimode input circuit·. ,. 
The. timing recovery and Manchester data dec.odinq system may 

also include an output con~rol circuit connected to receive the 
data latched by the samplinq circuit and the transition 
indicating pulses for producing an NRZ output data signal and 
output timinq pulses, and, if desired, a circuit to delay the 
output timinq pulses by one half cycle of the oscillator 
frequency. 

The lll\ll timode input circuit· in one embodiment has a 
•steady-state• mode in which a signal that contains a Manchester· 
encoded data stream is process~ and an output binary NRZ siqnal 
is produced at the output, an •offset• mode durinq 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" m~e ~urinq 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-inyertinq inputs, with a first res"istor by 
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which the input siqnal is connected to the non-invertinq input, 
and a second resistor by which the input signal is applied t~ 
the invertinq input. A third resistor is connected at one end to 
the invertinq 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 reference- voltaqe. A first capacitor is connected 
between the invertinq input of the comparator and qround, and a 

·second capacitor is connected between the non-inverting input of 
the comparator-and qround. The first and se,pond switch functions 
are controlled by the mode control circuit •. 

According to still another broad aspect of the invention, 
an apparatus for producing an NRZ.d-ta signal. correspondinq to . . . 
second half states of Manchester cells in a Mam:hester dat~ 
stream. is provided •. The apparatus includes an oscillator t~ 
produce a stream of clock pulses ·and a pulse qenerator connected 
to receive the Manchester data stream for.qenerating an.output 
pulse at each transition in the Manchester da~a 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 
qenerator, the divide-by-n counter havinq an output that changes 

state after a predetermined number of the clock pulses. A timing 
flip-flop is conn~ted to be clocked by the output from the 
divide-by-n counter, the flip•flop beinq 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 
timinq flip-flop on a clock input. ";rhe samplinq flip-flop 
provides the then existinq state of the Manchester data stream 
at an output when the samplinq flip-flop is clocked. A sequence 
counter is connected to r~ceive the output of the divide~by-n 
counter on a clock input and the output pulses from· the pulse 
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generator on a reset input, whereby the sequence counter 
prod~ces a siqnal indicating when a double wide Manchester pulse 
has· occurred, the signal being connected to reset the timing 
flip-flop. 

According to yet another broad aspect of the invention, a 
meth~d f ~r producing an NRZ d~ta signal corresponding to states 
of a known half of each Manchester cell in a Manchester data 
stream is presented. The method includes the steps of generating 
a transition pulse.at each transition in the -Manchester data 

. · stream, and -'9eneratinq a series of tim~ng pulses havinq a 
frequency.n times a frequency of the Man~ester cells in the 

Manchester data stream. The series of timing pulses is restarted 
in resp~nse to each transition pulse, and a current state of a 
Manchester cell is latched upon the occurrence of eactf" m• timing • 

• pulse, wherein m greater than n/ 2. The timing pulses are 
concurrently ~ounted to provide a timing pulse count, the count 
being restarted in response to each transition pulse. If the 
timing pulse co~t becomes greater than n/2, the lat~hing is 
advanced to latch the Manchester data stream upon the next (n/2)• 
occurring timing pulse. 

In still yet another bi;ooad aspect of the invention, a 
method for producing an NRZ data signal correspondinq to second 
half states of Manchester cells in a Manchester data stream is 
presented in which a series of timinq pulses having a ~requency 
twice tb:e frequency of the Manchester celis 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 douJ:>le wide pulse in the Manchester data stream 
is detected, and the latching is re$ynChronized to begin on a 
next occurring timing pulse after the double wide pulse has been 
detected. 
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BRIEF DE§CBXPTlON OF TUE DRAWINGS 
The invention is illustrated in the accompanyinq drawinqs, 

in which: 
FIGURE 1 shows a typical Manchester data stream and a 

nonreturn to zero data•stream derived therefrom usinq the timinq 
recovery and decodinq system,. in accordance with a preferred . 
embodiment of the invention. 

FIGURE 2 is an elec;trical _block c;tiaCJraJD of a qeneral system 
for decodinq Manchester data, illustratinq, in conjunction with 
the various waveforms shown in FIGURE 3, the overall operation 
of the system and the mechanism for synC:hronizinq 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 qenerated. in th~ . operation of the ·circuit of FIG'URE 2, showinq 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 diaqram of a system for 
decodinq Manchester data ·similar to that of FIGmm 2, with 
additional short· and long dead time detection features and with 
lonq term sleep and wa.lce-up capabilities, in accordance with the 
invention. 

FIGURE 5 is a more detailed electrical schematic block 
diagram showing a t.iainq recovery and. decoding system for 
Manchester encoded data or the like, in accordance with a 
preferred embodiment of the invention. 

FIGURE 6 is an· electrical schematic diagram of an 
oscil,lator for use in the timinq recovery .. and decodinq system of 
FIGURE 5. 

FIGURE 7 is an electrical schematic diagram of a transition 
detector .for use in the timinq recovery and decoding system of 
FIGURE 5. 
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FIGURE a is an electrical schematic diaqram of a transition 
counter for use in the timinq recovery and decodinq system of 
FIGURE 5, 

FIGURE 9 is an electrical schematic·diaqram of a divide by 
two circuit for use in the timinq recovery and decodinq system 
Of FIGURE 5. 

FIGURE 10 is an electrica.l schematic diaqram of a iuode 
decoder circuit for use in the timinq recovery and decodinq 
system of FIGURE s. 

FIGURE 11 is an electrical sehemati~ diaqram of a pulse 
9enerator circuit for use in the timinq recovery and decoding 
system o~ FIGURE s. 

FIGURE 12 is an electrical- schematic diaqram of a mode 
control circuit for use in the timinq re~overy and' decoding: .. 
system Of FIGURE ?.' • 

FIGURE 13 is an electrical schematic diaqram of a 
transition counter circuit for use in the timinq recovery and 
decodinq system of FIGURE 5. 

FIGURE 14 is an electrical schematic diaqram of an output 
circuit for deliverinq an NRZ data output and accompanyinq 
timing or triqqer pulses that have been derived from the input 
data stream that contains Manchester encoded data, for use in 
the timinq re~overy and decodinq system of FIGURE-S. 

FI'GURE 15 is an electrical schematic diagram of a test mode 
select circuit fo,: use in the timing recovery and decoding 
system Of FIGURE 5. 

FIGURES 16a-c are illustrative electrical waveforms s~owinq 
the output siqnals from the threshold detector circuit of FIGURE 
15 in each of the operating modes of the timing recovery and 
decodinq system of FIGURE 5. 
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FIGURE 17 shows a waveform pulse series with ·a wake-up 
sequence an4 short dead time interval that may be empioye~ in 
the circuit of the present invention. 

FIGURE 18 is a series of detailed waveforms at various 
nodes of the input comparator circuit during a wake-up sequence, 
in accordance with one aspept of the present invention. 

F:tGURE 19 is an electrical schematic diagram of a threshold 
detector circu~~· in qreater detail, for use in the tim~nq 

recovery and decoding system of FIGURE 1. 
In the various figures of the clrawinqs, like reference 

numerals are used to denote like or simtlar·parts. 
DETAILED DESCRXPTlOH OF TUE PREfE.RRED EMBODIMENTS 

Figure 1 shows an example of Manchester encoded~data. The 
. . 

waveform 10 has a sequence of equal l~nqth dat~ cells 12 - 22,! 
with each cell representing a bit of corresponding binary data. 
There are transitions at the midpoint of every cell, which 
divide the Manchester data cells into two interv~ls or symbols. 
Positive qoinq mid-Cell transitions, such .as the transitions 25, 
represent binary l's; negative qoinq mid-cell transitions, such 
as the transitions 26, represent binary O's. 

A constant ·series of O's or a· constant series of l's 
produce identical s<JUare waves with pulse widths equal to a 
s·ymbol time and periods equal to a cell time, such as the cells 
12 - 15 or the cells 20 - 22. '?be 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. 

In contrast to constant l's or constant O's, the Manchester 
representation of alternate l's and o~s is not ambiquous. A "ton 

results in a two symbol wide Manchester hiqh, such as 
represented by cells 16 and 17, and a uo1~ produces a two symbol 
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wide Manchester low, such as represented by cells 17 and 18. 

These double wide pulses always straddle a cell boundary, an~ 

thus provide a basis .for orientinq the timinq reference, which 
is used in the implementation of one ci~cuit embodiment of the 
present invention. once the t~minq reference is established, 
sinqle wide pulses represe~tinq constant data can be correctly 
decoded. • 

A qeneral electrical block ·dia9ram of a system 400 for 
decodinq Manchester data is sh.own in Figure 2, in which the 
overall operation of the system is illustrated in conjunction 
with the various waveforms shown in FiqUre 3. Timinq for the 
system is provided by an oscillator 35, w~ich produces a stream 
of clock pulses, labeled "SCLK, " ·as seen in Fiqure 3. The . . ,. 
Manchester data stream to be decoded, denoted MDAT, is brough~ 

• 
into the system 400 on an input line 88, decoded data, denoted 
DOUT, is outputted from the system. on line 255, and decoded 
timing, denoted TRIG, is outputted o~ li~e 259. 

The Manchester data is initially connected to the input of 
a transition_ triggered one-shot pulse generator 45 (r~ferred to 
herein as the transition detector 45), which generates a sinqle 
output pulse.at each positive or negative going d~ta transition, 
the output pulses beinq denoted M2DAT on line 83. Representative 
waveforms for MOAT and M2DAT are shown in Fiqure 3. I~ ~an be 
observed from Figure 3 that MDA~ is not necessarily synchronous 
with the clock pulses SCLK from the oscillator 35, but that a 
M2DAT pulse exists at each transitiob of MOAT. 

The·M2DAT output ~ignal 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 7"5 has 
various separate outputs for each count, the output for count J 

(herein •the count-3 output•) being ·connected to clo~ a D-type 
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flip-flop 105, and the output for count 4 beinq connected back 
to r~set the transition detector 45. The output from the divide­
by-5 counter 75 is a waveform, labeled 2XCK, having a frequency 
that is twice the expected frequency of the Manchester data 
signal MDAT. 

In normal operation, _th1! o-type flip-flop 1.05 clocks a 
sampling D-type flip-flop 120 at each second transition of the 
2XCX signal, corresponding to the-second half of the detected 
Manchester cell. since the output of the divide-~-2 D-type 
flip-flop lO~is connected to clock the sampling D-type flip­
flop_120, whenever the signal SSMS from the o-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, i>oUT, on line 255.~The samplin~ 
~ 

o-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 o-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 decodinq sequence of · 2XCK p~lses 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 
sequenc~ counter 402 operates to count a predetermined number of 
transitions of the 2XC1( signal before being reset by the M2DAT 
si9nal·on line 83. For example, in the embodiment illustrated, 
two transitions of the 2XCK siqnal 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 
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the occurrence of a double wide pulse in the Manche~ter data, 
and serves to reset the divide-by-2 o-type flip-flop 105. 

As mentioned, in the embodiment illustl;"ated, the second 
half of the Manchester cell is desired to be sampled. 
~onsequently, an orientation process is initiated by detecting 
when two consecutive 2XCX_pulses occur durinq 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 2xa pulses occur without 
an intermediate Manchester data state chanqe, indicatinq a 
•double-wide• Manchester data pul~e has occurred, such as the 
pulse 404 or · the pulse 426, the output OB2INI on line 107 

changes state ~~ clear the o-type flip-flop 105 to synchronize .. 
the system to the second half of each Manchester d'ata cell. ~ . . 

For example, the first MOAT pulse 404 shown is a •double-
wide" pulse, produced, for instance, by a •01• or •10" value of 
the data represented by the Manch~ster signal to be decoded. The 
double-wide pulse produces transitions 406 and 407 in the M2DAT 
signal at · its -respective positive and neqative qoinq· 
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 402. The output 2XCK on the count-3 
output stays low, as shown by the signal segll\ent 410, until 
three clock pu1ses have occurred, at which tim9 the count-3 
output is sat. The count-3 output stays· hiqh for two additional 
counts, shown by the pulse segment 411, until the divide-by-5 
counter reaches.the count of ·s. 

At that time, since.no state cbanq~ has occurred in the 
Manchester data pulse 404, no transition detectinq·pulse was 
qenerated in the M2DAT stream, so the divide-by-5 counter 
proceeds to i1D111ediately count a new data sequence. After the 
second count of 3 , the output of the di vide-by-5 counter changes 
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state, shown by the 2XCK data stream segments 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 pulse 416 occurs, a synchronizinq pulse DB2INI 

" is qenerated. It can be seen that followinq a double-wide 

Manchester pulse, the next .oceurrinq state chanqe will be a 
' . 

proper midp~int transition. Thu~, when the DB2INI pulse resets 

the divide-by-2 D-type flip-flop 105, upon the occurrence of the 

next occurring 2XCK siqnal, the divide-by-2 D-type flip-flop 105 

qenerates an-SSMS siqnal, assiired to be in the second half of 

the Manchester cell, to clock the sampling D-type flip-flop 1201 

~hereby synchronizinq the system to sample the second halves of 

subsequently occurring Manchester data cells. 
. . '" 

Still more particularly, as shown, followinq ttte Manchester. . . 
data pulse seqment 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 siqnal. This causes a 

transit~on indicatinq M2DAT pulse 407 to be qenerated, 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 timinq, clocks the o-type flip-flop 105, 

which in turn clocks the·samplinq o-type flip~flop 120, which.· 

samples and l~tches the Manchester data existing at that time. 

xt· shou1d be appreciated that altho~qh the timinq of ~he 

2XCK pulses have .been described as beinq twice that of the 

Manchester data cells, any multiple, n, may be selected, with 
' appropriate adjustment to the· dividers to select the partipular 

2XCK pulse that occurs durinq a second half of each Manchester 

cell. The resetting adjustment provided by the sequence counter . . 
may be also <:=hanqed to reset the output latch to select an 

appropriate n~er of pulses by which to activate the latchinq 

function, for example, n/2. 
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At the same time as the data is generated on output line 
255, triqqer 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 iri Figure 3. 

An.electrical block diagram of a system 430 for decoding 
• Manchester data similar to that described above with reference 

to Figure 2 i& shown in Figure 4 to wliich reference now is made. 
The system 430 shown in Fiqure 4 has additional short and long 
dead time detection teatures a~d long term sleep and wake-up 
capabilities provided by a short dead time register 431 and long 
time register 432. The short and lonq dead time registers serve 
to adjust the thresholds ot the input Manchester data 

'" conditioning circuit 41 and to disable the outputs of the system . . . 
430 when no Manchester data is detected for a predetermine~ 
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 wake-up counter 165. The operation ot the sleep and 
wake-up feature are also described below in de~il. 

Ref errinq now to FIGURE 5, a more detailed block diaqram of 
a timing recovery and Manchester data decoding· system 34 is" 
shown, in accordance with .a preferred embodiment of the 
invention. A 50 kHz tree running 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 Fiqu~e G. Althouqh the 
oscillator 35 is shown constructed of discrete logic components, 
such as the cross-coupled NANO gate~ 39 shown, the oscillator 
function can be provided by well known ·SAW devices, or other 
suitable oscillator qevices or circuits (not shown). · 



.----~.-·· .... ...........__._.,...,,.... ... _, 

·. 

18 

With reference aqain to Fiqure s, the input siq~al, which 
may contain a Manchester data encoded data stream to be decoded~ 
is connected on an input line 40 to a multimode input circuit 
41, which provides its output (MOAT) on line 42 to a transition 
detector 45. (In the embodiment illustrated, a test mode control 
circuit 55 is provided, be~ow described in detail, which 

~ 

controls whether the input signal or a test siqnal is applied to 
'the remaining portion of the timinq recovery and Manchester data 
de'coc:linq system 34. The output from the test lllOde control 
circuit 55 ia-then delivered to the trans~tion detector 45.) 

The multimode input circuit 41 has a . comparator 46 with 
:f,nvertinq.and non-inverting inputs as shown. The input signal is 
connected to the non-inverting input. by a first; resistor 4 7, and 
to the inverting input by a second resistor 4a~ A~fi~st switc}\ 
so, connected in series with the resistor 48, is controlled by 
a mode control circuit 160, below described in detail. Although 
the first s~itch 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 t~ selectively apply the 
input signal to the invertinq input of the comparator 4 6. 
Accordingly, equivalent circuitry may be employed to perform 
this selective voltage application, one example of which beinq . ' 

the transfer qate 283 shown, for example, in one implementation 
of the multimode input circu~-t 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 SB is 
connected to a reference voltaqe, such as v., shown. Aqain, the 

. . . 
second switch 58 may be provided by a physical switch, or a 
transistor connected in known switch-fUnction confiquration; 
however, it will be appreciated that the purpose is to 

. J:.•, 
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selectively connect the voltage v" to the inverting input of the 
comp~rator 46. Accordinqly, equivalent circuitry may b• employed 
to perform this selective voltaqe application, one example of 
which

0 

being the current source 280· and mirror circuit 281 shown, 
for example, in the implementation of the multimode input 
circuit 41 in Figure 19. TWo qapacitors 60 and 61 are connected 
res~ectively between the inverting and no~-invertin9 inP.UtS Of 
the comparator 46, and between the non-inverting input and 
ground. 

The transition detector 45, which qenerates a positiv.e 
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 o-type flip-flop ~4, shown in Fiqure·7.~Clock pulse~ . . 
.on line 87 from the oscillator 35 clock the o-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 NANO gate 66, the output ~f which is connected to 
one input of a tlip•flop 67 that includes NANO 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 les$ than a predeter­
mined number of clock pulses, for instance, less than about 60 
to 80 miproseconds. The output of the flip--flop 67 is connected 
to the second input to the. NAND gate 66 via inverters 77 and 78 
and resistor 79. A capacitor·a1 is connected between the input 
of the inverter 78 and ground to provide a low pass filter rn 
conjunction with the resistor 79. 

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

.i 
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for example 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 as, labeled 
~M2DATZ". Either the first or the second Mancheste~ symbol ~ay 
be selected by .a Manchester transition counter 75, described 
below, which is clocked by i;he. oscillator JS, and reset upon the 
occurrence· of a Manchester data transition on line 85, as 
indicated by the Manchester transition indicating pulse (M2DAT). 

Details 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 output from. 
the transition detector circuit 45 are received on input line 
85. The Manchester transition counter 75 has three D-type flip-. . 
flops 90, 91, and 92 connected to receive the clo'ck p~lses on. 
line 87 on their respective clock inputs and the Manchester~ 
transition signal on their clear or reset inputs. The output 
from the first o-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 ga~e 94. In 
addition, the output of the second and third o-type flip-flops 
91 and 92 are connected to the inputs of a NANO qate 96, the 
output of the second o-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 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 ·as. 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 ~fter every 
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four counts followinq a Manchester ·data transition. resettinq 
event occurrinq 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 embodiment 
of the present invention herei~ described decodes the Manchester 
data by sampling and latching th~ second symbol of each Manches­
ter data cell, as determined by ·the delay count developed by the 
Manchester transition counter 75. It will be appreciated that 
the first symbol of the Manchester data cquld also be sampled, 
latched, and decoded by selecting a different delay count, then 
invertinq the dat;a. 

The divided clock pulses from the counter 75 on output line 
100 is connected to an input of a divide-by.:.2 ei;cuit 105,, 
details of which being shown in Figure 9. The di vide-by-2" 
circuit 105 ha·s a D-type flip-flop 106 that receives the divided 
clock pulses from the counter 7 5 on line 100 on its clock 
terminal. The reset line is connected to receive a reset siqnal 
from a mode decoder circuit 110, below described in detail. The 
output of the D-type flip-flop 106 is inverted by a NANO qate 
112, and connected to the input. The other side of the NANO qate 
112 is connected to receive a signal on line 113 from the mode 
de~der circ~it 110, which indicates that there have been no 
Manchester data transitions for three consecutive periQds of the 
divided clock pulses on line 100. The siqnal on line 113 is . 
inverted by an inverter 114. 

In operation, the div:tde-by-2 circuit 105 divide!? the 
divided clock pulses on line 100 by two, to qenerate a sample 
command signal on output line 117. As will become apparent, a 
reset siqnal ~ill be ·generated on line 107 when two positive 
edqes of the divided clock pulses on line 100 have occurred 
between any two successive Manchester data transition indicating 
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pulses on line as. since a transition must occur .between the 
symbols of each Mancpester cell, if two counts of the divided 
clock pulses on line 100 have occurred between Manchester data 
transitions, a reset siqnal qenerated by the second· count 
insures that the circuit is synchronized to the correct symbol 
of the Manchester cells, and ~ double-wide pulse has occurred 
(com.pare, for example, the double-wide pulses 27 in Fiqure 1). 
The do~le wide pulses always overlap the leadinq edqes of ~wo 
of the divided clock siqnal pulses on line 100, whereas single 
wide pulses ai:ways overlap only one. Since the reset siqnal on 
line 107 resets the D-type flip-flop 106, the operation of the 
divide-by-2 circuit 105 automatically synchronizes the circuit 
to detect the correct Manchester symbol upon the occurrence of 

. '" the next COUnt pulse Of the divided clock pulses on line 100, • 
• arid with every other one thereafter. 

After the o-type flip-flop 106 has been reset, the next 
positive edge of the divided clock pulses on line 100 causes the 
sample command siqnal on line 117 to qo hiqh, actuating the 
sample block 120 (below described) to sample the received Man­
chester qata durinq the second Manchester data symbols. If there 
are no Manchester data transitions for three consecutive periods . . 
of the divided clock pulses on line·100, the signal delivered on 
line 113 goes hiqh, forcing the output of the NANO qate 112 · 
high. This cau·ses the sample .command si9nal on line 117 to qo 
high upon the occurrence of the next positive edge of the 
divided clock pulses on line 100. When the Manchester data 
transitions begin aqain, the·o-type flip-flop 106 is set up to 
sample the second half of the Manchester c~ll, since the first 
positive edqe 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 divi~ed clock pulses on line 100 clocks the 
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output to a hiqh state, which causes the sample circuit 120 to 
sample the current Manchester data. 

The samplinq circuit 120, as shown in Fiqure s, is a o-type 
flip-flop 121 in the embodiment illustrated. The siqnal that 
contains the Manchester .da~a (MDAT) is connected to the data 
input, and the output is connected to an output control circuit 
125, below described. By clockinq the o-type flip-flop 121 with 
samplinq pulses Of the frequency and phase Of the second symbol 
of each Manchester data cell, the samplinq flip-flop 121 
correctly samples and latches the ManchestE!;r data siqnal on· line 
2so·. At this point it should be noted that since the loqic level· 
~f the latched Manchester data is constant between samples, the 
resulti~g data is a binary nonretilrn-to-ze:r;o (BNRZ) binary 

. '" representation of the encoded data, shown by ·waveform 30 il\ 
Figure l. ~ 

As discussed above, selectinq every other divided clock 
pulse on line 100 provides the correct frequency for the 
samplinq pulse waveform. However, without initialization, there 
is an equally lik&ly possibility that the sampling pulses wil~ 
align with the first symb_ol 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 qenerator circuit 130,_below described in detail, 
and is essentially a loqic qate.array that provide outputs on 
output lines 132-136 and 107 of known loqic states for various 
input count combinations. The circuit has four input NANO qates 
140-14~, which·receive the outputs on lines 180 - 188 from the 
pulse generator circuit 130. 
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The NANO qates 140 and 141 receive their inputs on lines 
1a1-~as from the pulse qenerator circuit 130. The outputs from 
NANO gates 140 and 141 are connected to the inputs of a NOR qate 
150, which produces an output on· line 132 that goes biqh on 
count number 63 of the divided clock pulses on line 100, when 
all-of the count siqnals on lines 180-185 ar~ hiqh. The siqnal 
on output line 132 serves to inhibit the input to the pulse 
qenerator circuit 130, as below described. 

The NOR ga~e 153 receives the outputs from the NANO gates 
142 and 143 ,-as well as an input on line 185 to produce an 
output on line 154, indicatinq a count of three of the divided 
clock pulses on line 100. The line 154 is connected to both 
inputs of a NANO gate 155, which acts as an inverter, and to one 

. •· 
input of a flip-flop 161, defined by NOR gates ·156 and 157, tq. .. 
set the flip-flop when the third count has occurred. The output 
from the NANO qate 155 on line 133 qoes low upon the count of 
three of the divided clock pulses on line 100-, ·and is used to 
clear the transition counter circuit 165, -as below described. . . 
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 NANO gate of the di vide-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 siqnal on line 83 from 
the tran?ition detector 45 (Fiqure 7), indicatinq the occurrence 
of a. Manchester data transition. When a siqnal is received 
indicating that~ Manchester·data transition has occurred, the 
flip-flop is reset,· returninq the output state on line 133 to a 
hiqh state and the output state on ~ine 134 to a low state. 

The output from NANO qate 143·, as well as the signal on 
line- 185, are connected to the inputs of NOR ·qate 159. The 
output from the NOR qate 159, as well as the signal on line 181, 
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are connected to.the inputs of a NANO qate 162, which produces 
an output on line 107 that qoes low on the count of two of the 
divided clock pulses on line 100. The signal on the line 107 
serves to reset the o-type fU.p-flop 106 of the divide-by-2 
circuit 105 of Figure 9. The output signal from the transition 
counter 165, below described'in detail, on line 166 is inverted 
by an inverter 167, and proc:luced on the output line 136 to reset 
the o-type flip-tlop 13S·of the mode control circuit 160, below 
described. 

'rhe pul$.e. generator circuit 130 that provides counts of the 
divided clock pulse.5 on line 100 to the mode decoc:ler circuit 110 
is shown in detail in Figure 11. The pulse qenerator circuit 130 
includes six .D~type flip-flops 170-175, connected as a ripple 
counter. The divided clock pulses on line 100· and tti~ signa~ 

. . ' 
indicatinq that the count has reached 63 on line 132 (from the 
NANO qate 150 of the mode decoder circuit 110, shown in Fiqure 
10) are applied to the inputs of an OR gate 177. The counter is 
reset by the occurrence of a Manchester data transition 
indicating siqnal · on line 85, and is cloeked by the divided 
clock pulses on line 100; which 1~ enabled by the oa 9ate 177. 
The outputs are developed on lines 180-188 and delivered to the 
mode decoder circuit 110, described above. 

The operation of the pulse qenerator c~it 130 is to 
count the qumber of divided.clock pulses on line 100 th~t occur 
between pulses that indicate transitions of the Manchester data 
appearinq 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 cloek pulses . -\ 
on line 100 are sequentially counted.· If a count· of ~ is 
reached, the signal from the mode·decoder circuit 110 on line 
132 goes high, inhibiting further clockinq until the next 
Manchest~r data transition indicating pulse occurs. 
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Additional control siqnals are qenerated by the mode 
control circuit 160, details of which are shown in Fiqure 12. 
The mode control circuit 160 incluaes a D-type flip-flop 135 
connected to receive the ·output on line 132 from the mode 
decoder circuit 110 of Fiqure 13. The output on line 132 

indicates that. the count of the divided clock pulses on line 100 

1ias reached .A: Th~ o-type fl~p-flop 135 is connected to be 
reset by the output on line ll6 from the mode decoder circuit 
110 of Fiqure 13, which represents the inverted output on line 
166 from transition counter·l65, below described. Theo-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 qate 235 to inhibit the divided clock pulses on line 10~ 
when the output is high. 

The inverted output from the D-type flip-flop 135 is 
connected to one input of a NANO gate 236, the_ output of which 
is an output siqnal on line 238 that is used to control the 
switch 50 of the i~put stage 41. The switch 50 also controls the 
operatinq mode of the circuit 34. The other input of the NANO 
qate 236 is connected to receive the output on line 134 from the 
mode decoder circuit 110, shown in Fiqure 10. The signal on line 
134 goes hiqh. after the occurrence of the third-count of the 
divided clock pulses on line 100. 

The inverteq · output of the o-type flip-flop 135 is 
connected to set a flip-flop comprised of NANO gates 240 and 
241. The flip-flop is reset by the siqnal on line 187 from the 
pulse generator circuit 130, correspondinq 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. 
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The output enable siqnal on line 244 is connected to enable 
the output control circuit 125, below described. Thus, in 
operation, the mode control circuit 160 prevents the output 
enable siqnal on line 244 from qoinq hiqh and enablinq the 
outputs of the output control circuit .125 until after a short 
dead time of eiqht counts of the divided clock pulses on line 
100. 

The transition counter circuit 165 mentioned above in 

conjunction with the description of the mode decoder circuit 
110, is shown in Figure 13, and has three o.-type flip-flops 190-

192. The first D-type flip-flop 190 is clocked by a chanqe in 
state of the latched Manchester data appearinq on line 250 at 
the outpu~of the sample flip-flop circuit 120, provided the 

• LOJ- IJ • • • 
signal LST,8 from the mode control circuit 160 remains low •• 

~~D . . 
-when LB~.& qoes high, the OR gate 195 is inhibited from passinq 
further transition siqnals. The output of the first D-type flip­
flop 190 is connected to the clock input of the second o-type 
flip-flop 191, as well as to ~ first input of a three input NOR 
qate 196. The inverted output of the first D~type flip-flop 190 

is connected to its data input .• 
The second o-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 qateJ.96 and to the· 
clock input of the third D-1;ype flip-flop 192. In a similar 
fashion, the third o-type flip-flop i92 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 qate 196. 

The three o-type flip-f.lops 190-192 are reset by· the siqnal 
produced on output line 133 fr.01n th~ mode decoder circuit 110 
(Fiqure 10), which qoes low on the ·third count of the divided 
clock pulses on line 100, described above. Thus, the transition 
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counter 165 serves to count four positive edqes of the sampled 
Manchester data, and operates to "wake up" the circuit after ~ 
lonq dead time period. Althouqh the wake up features of the 
circuit are described below in detail, briefly, if a count of 
four is reached before the resetting siqnal occurs on line 133, 
the output on line 166 qoes high, waking up the remainder of the 
circuit in the manner b•low 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 Fiqure 14, The output control 
circuit 125 receives the decoded BNRZ siqnal from the sampling 
or latch~nq flip-flop 121 into an enabling AND qate 252, which 
bas an output that is buffered by' an outp~t buffer 253 to . . . .. 
provide a data out signal (DOUT) on the data out line 255. Th~ 
AND gate 252 is enabled by the output enable siqnal, which is 
developed o~ line 244 from the output of the NOR gate 242 of the 
mode control circuit 160, described above with reference to 
Figure 12. 

The triqqer -or timing oµtput (TRIG) on line 257 is 
developed by an enabled AND gate 260, the output of which is 
buff~red by the output buffer 261. The AND gate 260 also is 
~nabled 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 JS, developed on line 87, delayed by one-half cycle. 
The clock signal on line 81 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 o-type flip-flop 268 on its data input and· the clock 
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pulses on line 87 on its clock input. The output from· the o-type 
fli~-flop 270 is e·onnected to one ~nput of a NOR qate 271, the 
output of which is connected to the AND qate 2 60. The other 
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 {an~ therefore the 
binary NRZ siqnal on line 250) by _half a period of the clock 
signal on lilfe 87. The delay may be, for example, on the order . . 
of about 10 µsec. The output timinq pulse is then one-half 
period of the clock signal on line 87, also about 10 µsec. 

The waveforms on the data out line 255 and timinq siqnal . . 
output line 257 are copies of the BNRZ (binary ·nonreturn tci .. 
zero) output of the sampling flip-flop 120 and the sampling 
pulses.at the output from the output of the divide-by-2 circuit 
105, except that the timinq signal output on line 257 is delayed 
one half period of the period of the divided clock pulses on 
line 100. 

~ contrast to normal circuit operation, described below, 
the timing rec~very 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 cirdit SS, shown in 

. Figure 15. Thus, the circuit 34 normally receives the Manch~ster 
~ data co~taining signal (MDAT) at its the multimode input staqe 

41 under the control of th9·mode control circuit 160, details of 
which are shown in Fiqure 12. However, in order to provide a 
test.mode of operation, with reference aqain to Fiqure 15, the 
output from tjle mul timode input staq~ 41 is connected· on line 4 2 
to the inputs of a NANO qate 2io, a NOR gate 211, and a 
multiplexer circuit 212. The outputs from the NANO gate 210 and 
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NOR qate 211 are inverted respectively by inverters 214 and 215, 
and may be used for desired test or monitoring purposes. 

The multiplexer circuit 212 normally produces the 
Manchester data containinq signal on line 42 at its output on 
line 88 to the remaining circuitry, as discussed above. However, 
if a high test enable signal is applied to the test enable line 
220, a Manchester data containing test signal that is applied on 
the line 221 is delivered to t~e output line 88. 

As indicated above, the timing recovery and Manehester data 
decoding system 34 has three operatinq modes, dependinq upon the 
conditions established ·by the Manchester data contained in the 
input signal. The three operatinq modes provide for an adaptive 
threshold detection scheme of operation, depending upon the .. 
character and nature of the input siqnal. The "first operatin~ . 
·mode is the •steady-state• mode, as described above, in which a 
signal that contains a M~nchester encoded data stream is 
processed and an output binary NRZ si9nal 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 t~e "steady-state" operatinq 
mode. The third operatinq mode is a "hold" mode in which t~e 
circuit operates between the detection of the wake up sequence 
and reception of normal data, durinq which the circuit biases 
are maintained, even though steady-state mode Manchester encoded 
data is not beinq received. 

The particular mode in which the circuit operates depends 
upon how the comparator 46 is biased by the switches so and 53: 
Thus, the switches 50 and 58 are operated to select one of three 
_reference vottage settings, based on signal conditions detected 
from monitorinq the Manchester transition indication waveform in 
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response to the siqnals on line 238 of the mode control circuit 
160 shown in Figure 12. 

The waveforms produced for the three reference voltaqe 
settings are outlined in Figures l6a-c. With reference also 
aqain to Fiqute 5, as is apparent the time constant at node 2 at 
the invertinq input of the comparator 46 is much greater than at 
node 1 at the noninverting .input of the comparator 46. 
consequently, node 2 responds primarily to the"lonq term average 
of the DASK (Demodulated ASK) signal whereas node l responds to 
DASK data transitions. In th~ Ksteady-state• mode of operation, 
having waveforms shown in Fiqure 16a, switch so is closed and 
switch 58 is open. In the •steady-state" mode, the reference 
voltage 300 at node 2 will equal the average value of the.signal .. 302 at node 1. since the average value of the Manch~ster data is. 
always centered between the hiqh and low levels, maximum noise 
i1Dll\unity is achieved. 

In the "hold" mode, havinq waveforms shown i~ Figure l6b, 
both switches 50 and 58 are open. Since there is· no discharge 
path, the capacitor 60 on node 2 holds the previous voltaqe, 
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. 

Iri the "offset" mode, having waveforms shown in Figure lJc, 
the reference vol~age 308 at node 2 is offset from the average 
value of the noise at node 1. The offset voltaqe is chosen so 
that the reference is appr9ximately at the midpoint of th~ 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 averaqe value • 

• 31 
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Although the comparator noise immunity in the "offset" mode 
may not be as good as in the "steady-state" mode, a si~ple 
transmission format combined with further signal processing can 
nearly eliminate the possibility· of a false wake-up sequence 
'followed by noise at the data out line 2.55 (Fiqure 14). A format 
with a wake-up sequence and short dead time interval such as 
shown in Fiqure 17 may be used. As can be seen, the wake-up 
sequence in~ludes 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 transitiQns 328 
is sent to assure proper synchronization, although this is not 
absolutely necessary. After the synchronizinq sequence 328, the 

. ~ actual Manchester data of interest 330 is transmitted. Wit~ 
this format, the data out on line 255 and the timing pulses o~ 
output line 257 from the output control circuit 125 (Figure L4) 
are only active after a valid 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 lonq dead time, the "offset" mode· is in effect, and any· 
detected transitions of.the t~ansition indicatinq 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 spacinq, the separa~ion between any two 
transitions must be less than three symbol widths. This is 
d_etermined by counting the divided. clock pulses on line 100 
following every transition. If the· count reaches three, the 
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sequence is rejected and starts over at the next detected 
transition. 

More particularly, as shown in Fiqure 18, the waveforms at 
various node~ of the input circuit 41 are shown in greater 
detail. During a wake up sequence, the reference for the 
comparator 46 charges towar~ 4 final value of the signal average 
plus offset, shown by ~urve segment 340. Following wake up~ the 
reference is switched to •normal" mode at point 342. As is 
apparent from the figure, during wake up.the reference charges 
more quickly-toward the averaqe value tha~ it would if •steady­
state" mode were used. This is due to both the reduced time 
~onstant and the presence of an offset voltaqe. Since in the 
embodiment illustrated there are twelve transitions in the wake 
up bur~t, but only four are required for wake up, the systeJJ 
will ordinarily be awake before the entire burst is complete: 
Although this allows additional time for the reference to settle 
toward the true aver~ge 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 hiqh 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 
occurs in reqion 344. (It should be noted that the dead time 
region· 344 illustrat~d in .Fiqure 18 has been shortened for 
purpos_es of illustration. A typical dead time may be, for 
example on.the order of a·milliseconds, or longer.) The data out 
sic;Jiial 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 port~on 9f 
the wake up burst. The short dead time is detected by countinq 
the divided pulses on line 100 following each Manchester 
transition pulse. If the count reacnes three, a short dead time 
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is initiated and the comparator reference is switc~ed to hold 
mode. These settinqs 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 set to the •steady-state~ 
mode, the outputs are enabled, and decoded . data and timinq 
pulses or triqqers appear at respective output lines 255 and 
257. 

. . . . 
Although the invention has been desc~ibed and illustrated 

with a certain degree ~f particularity, it.is understood that 
the present disclosure has been made only by way of example, and 
that numerous chanqes in the co~ination 
parts can be resorted to by those skilled 
departing from the spirit and scope of 
hereinafter claimed. 

and arrangement of 
in the- aft without • 
the invention, as 
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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 ~ncoded 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. contra-lled by the output control pulse.to output a state 
of the Manchester encoded data when said output control pulse is 
generated. 

.. 
2. The apparatus of claim 1 wherein said sampling flip-flop .. 
operates to generate.a binary NRZ form of the Manchester encoded 
data stream. 

J. 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 s-t;ream. 

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

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

.. 
··~=· 
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7. The apparatus of claim 5 wherein said phase. selector selects 
a first half of a Manchester data cell. 

8. The apparatus of claim 7 _further comprising an inverter to 
invert the output from said flip-flop • 

. 
9. A timinq recovery and Manchester data decoding system, 
comprising: 

an oscilt'ator 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 signal; 

'" a transition detector connected to receive" the outputr 
• 

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 
generate a sample command signal; 

and a samplinq circuit connected to receive the output from 
t~e 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 timin~ recovery and Manchester data decodinq system of 
claim 9 furtner comprisinq: 
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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 generato~ 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 
control circuit being connected to seia"ctively control the mode 
of said multilbode input circuit. 

11. The timing recovery and Manchester data decoding system of 
claim 10 wherein said mode decoder circuit is a loqic qate 
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 comprisinq a circuit to delay the output timing 
pulses by one half cycle. 

14. The timing recovery and Manchester data decoding system of 
claim 9 wherein said' multim.ode input cir~it 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 durinq which· the 
occurrence of a wake up Manchester data sequence is.needed to 
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cause the circuit to •wake-up" to assume and resume the ~steady­
state" operating mode, and a "hold" mode durinq which circuit 

biases' are maintained even though •steady-state• mode Manchester 

encoded data is not being received. 

·1s. The timinq recovery and Manchester data decoding system of 
claim 9 further comprising a - t~st mode ·control circuit for 
c~ntrolling whether the input signal · or a test signal is 
processed. _ 

16. Th~ timing recovery and Manchester data decoding syste• of 
claim 9 wherein said multimode in~u~ circuit comprises: 

a comparator with inverting and non-inv~r.ting i~puts; .. 
a first resistor by which the input signal· is connected tq 

the non-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 

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

invertinq input of the comparator; 
. . 

and a second capacit~r connected between the non-invertinq 
input of the comparator and ground; 

said first and second switch functions being controlled by 

said mode control circuit. 
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17. A wake up circuit for initiating operation of a M~nchester 

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 

receive the input signal when the Manchester encoded· data· 

detector is in the quiescent .state to produc~ a data output 

signal corresponding to a sampled state of the input sig~al; 

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 valuaplus a predetermined 

offset voltage to produce a data output signal corresponding to 

the difference between the voltage reference and the input 

signal; 
. I· 

a circuit for determining if a possible Manchester encode4 .. 
data cell has been received in the data output signal from the 

sample and hold circuit to selectively switch said offset 

circuit on; 
and a circuit for determining if a predetermined ~umbe~ 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 noninvertinq inputs 

and an output, and wherein: . . 
.said input circuit c~mprises a first capacitor connected 

.between said inverting input· and a reference potential, and a 

second capacitor connected between said noninvertinq input and 

said reference potential, and a firs~ resistor connected between 

said input siqnal and said inverting input, wherein said data 

output signal is produced at the output of said differential 

amplifier; 
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said offset circuit comprises a first resistor connected 
between said invertinq input of said differential amplifier and 
said voltaqe reference, a second resistor·connected between said 
inyertinq input and said input signal, an~ 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 siqnal correspondinq to the difference between the 
voltaqe reference and the input signal when said first switch is 
closed; and 

said dif1:.§.rential 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; 

qenerating a sampling signal in timed phase with ~he 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 usinq adaptive threshold detection to receive the 
Manchester encoded data with enhanced noise immunity. 

20. The method of claim 19 wherein said step of usinq adapt i •;e 

threshold detection comprises providing a plurality of operatir.q 
modes at a d~ta input stage of a decoding circuit. 
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af. The method of claim 20 wherein said step of providing a 
plurality of operating modes comprises providing steady-staten 
and ~offsetn modes of operation. 

22. A method for producing an NRZ data siqnal corresponding to 
states of a known half of ea~h Manchester cell in a Manchester 
data stream, comprising: 

qenerating a transition pulse at each transition in the 

Manchester data stream; 
generae-inq a series of timing pulses having a frequency n 

times a frequency of said Manchester cells in said Manchester 

data stream; 
restarting said series of timinq pulses in response to each 

" transition pulse; • 
latching a ~rent state of a Manchester cell upon the 

occurrence of each m~ 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 timinq 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 <ff claim 22 wherein said multiple of the 
frequency of said timing pulses is twice the frequency of said 
Manchester data stream, and wberein 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, compri~ing: 
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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 eaeh second timing pulse;.. 

detecting the occurrence of a doubJ.e .. wid.e, pulse in said .. . .. . . 

Manchester data stream; 
and resynchronizing said latchinq to begin on a next 

occurring timing pulse after sai.d double wide pulse has been 
detected. 

25. Apparatus for producing an NRZ data signal corresponding to 
second haif states 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 

stream for generating an output pulse at each transition in said 
Manchester data stream; 

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 predetermined number of said 
clock pulses; 

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

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

.... ;. 
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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 qenerator on a reset input, whereby said 

sequence counter produces a signai indicatinq when a double wide 

Manchester pulse has occurred, said siqnal being connected to 

reset said samplinq flip-flop. 


