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integrated circuit chip, both the master and slave transceiver chips are
initially formed identically. The present invention relates to transceivers
That is, their time bases, transmitter, and receiver used for communicating
over a common commu-        portions are initially identical as formed on
the nication channel.                              5   chip. However,
during a latter phase of the produc- tion process, a different metalization
pattern des- Description of the Prior Art                       ignates one
unit as the master, and the other as the slave. It is also possible for the
user to perform When  communicating  between  two trans-        the
designation, as by the appropriate connection ceivers over metallic
conductors, optical fibers, or  10  of an integrated circuit terminal. The
designation by other media, there often is provided a defined      whatever
technique then causes the slave tran- relationship between the
transceivers. That is, one  sceiver to remain in the receive state until
the of the transceivers is designated as the "master",  signaling pulse is
received from the master. That and the other as the "slave". This
designation is  is, only the master can initiate communications useful when
prescribing the protocol for establish-   15  over the channel. This
arrangement has the dis- ing communications between the transceivers. For
advantage that the flexibility of use of a given example, the master may
send out a pulse or other  transceiver is reduced, since it can perform
only as signal to activate the slave when communications   a master or
slave after a given designation. re desired. This allows bidirectional
communica-      Another prior art technique that allows for tions over a
single channel, by time sharing the   20  bidirectional communications over
a single channel channel between the two transceivers. If a suitable
utilizes a collision detection scheme. For example, protocol were hot
established, there is the possibil-  the Ethenet (a trademark of Xerox
Corp.) network- ity that a transceiver will attempt to transmit while  ing
technique uses transceivers that monitor the data is incoming, which can
result in lost informa-  common channel for incoming messages and traf-
tion.                                         25  fic between other units.
A given transceiver trans- One early technique for allocating communica-
mits only when the channel is not busy. It is tion time slots among
stations was the "Aloha net",  possible for transmission to begin just as
traffic is wherein a station desiring to transmit would broad-  detected,
resulting in a "collision", wherein data cast a burst of digital data to a
number of other  from two (or more) transceivers are simultaneously
stations. The address of the intended station was  30   present on the
channel. The two (or more) colliding included in the transmission, and the
transmitting  transceivers then wait a random time period before frequency
was then monitored by the transmitting   attempting transmission again. If
re-transmission is station to determine whether another station had   not
then successful because of a second collision, transmitted at the same
time. If so, the transmis-  the time period is again changed. Note however
sion to the desired location was repeated, to en-  35  that in the Ethernet
technique each transceiver on sure that the information was not lost due to
inter-  the network must still be designated in some man- ference.
ner to specify its address to other units. Further- The use of two
transceivers in a time-shared    more, the collision avoidance technique
must be manner over a single communication channel is       practiced every
time a transmission is to begin. usually referred to as "half-duplex"
operation.  40   Also, relatively sophisticated control circuitry is re-
Transmitting digital signals in time-shared groups is  quired to detect and
avoid collisions. Hence, this also referred to as the "burst mode" or
"ping-     networking technique is overly complicated than is pong"
technique. It is possible to avoid the time-  desirable for implementing a
low-cost two-trans- sharing requirements of these techniques, but at
ceiver communication link over a single channel. the cost of an additional
channel, resulting in "full-  45  JP-A-56117455 discloses a master/slave
com- duplex" operation.                                 munications system
wherein the station that trans- In the half-duplex technique, the slave is
main-  mits a message discontinues receiving action for a tained in a state
receptive to the signal transmitted  time period equal to the round-trip
propagation from the master at least during the approximate    delay. This
helps ensure proper message acknowl- time period during which
communications are ex-  50  edgement over long-delay transmission paths.
pected. Normally, transmissions from the slave unit    PROCEEDINGS OF THE
1982 INTERNATION- are inhibited during this waiting period. For these  AL
SYMPOSIUM ON SUBSCRIBER LOOPS AND and possibly other reasons, the master
and slave   SERVICES, Toronto, 20th-24th September 1982, units are required
to be differentiated in some    Catalog No. 82CH1686-5, pages 169-173,
IEEE, manner. This differentiation is accomplished by a   55   New York,
US; B.S. BOSIK et al.: "A loop access change in the characteristics of the
transceivers  system  for a circuit switched digital capability" during
manufacture or use. For example, in one     discloses a master/slave
communications system 



current half-duplex transceiver implemented in an  wherein a framing
algorithm appends extra bits to    3                  EP0245972B1
4 every burst of data. When the system recognizes           The present
invention provides for a "start-up" an out of flame condition exists, as
when starting    procedure whereby each transceiver periodically up the
system or recovering from a loss of syn-       transmits a "start" signal,
usually a defined se- chronization, input data is blocked, and a specific
quence of bits in a packet, and then listens for the pattern is sent for
each burst. During this time, only    5   start signal from the other
transceiver. The time the master transmits, and the slave is instructed to
periods between transmissions of the start signal receive only, until the
slave has established frame   are at least slightly different for the two
trans- synchronization. Then, the slave is allowed to        ceivers. The
minimum length of the "listening pe- transmit This technique insures that
overlapping      riod" is typically chosen to allow for the maximum bursts
never occur.                              10  specified round-trip
propagation delay time over According to this invention there is provided a
the channel, plus the time to receive the start transceiver as claimed in
claim 1.                    signal (typically equal to the duration of a
packet). To initially establish communications between      Using terms as
defined below, the minimum listen- two transceivers over a common channel,
each          ing period is then typically 2A + P. During start-
transceiver is adapted to transmit a start signal,  15   Up, the difference
between the transmission time and then listen for a start signal from the
other     periods ensures that one of the start signals will transceiver.
Each transceiver is designed to trans-   eventually arrive at the other
transceiver when that mit the start signal again if no start signal is re-
other transceiver is listening for it, thereby estab- ceived from the other
transceiver within a listening  lishing the link. Once the link is
established, the time period. A random time difference between the   20
information signals, typically multi-bit data packets, periodic
transmissions by the transceivers provides   maintain the synchronism
between the trans- that the start signal transmitted from one of the
ceivers. The time difference between the transmis- transceivere will
eventually get through to the other  sion periods during start-up is
typically due to during its listening period. This difference may be
random differences in component values within de- due to the small
difference between the frequen-   25  sired manufacturing tolerances. The
time difference cies of each transceiver's local time base. In a       may
be enhanced by changes in temperature, op- preferred embodiment, the
difference is predomi-      erating voltage, component aging, or other
factors nantly due to a circuit that substantially increases  that tend to
independently affect the transceivers in the randomness of the listening
period, without      a random manner. affecting the frequency of the
transceiver's local  so    A typical startup sequence that illustrates the
time base. The present technique allows the tran-     present invention is
shown in FIG. 1. At time T0 the sceivers to be identical (within normal
tolerances)   first transceiver is activated, and transmits a start in
manufacture and use if desired.                    signal, typically a
multi-bit data packet having a The invention will now be described with
refer-   time duration P. This packet traverses the commu- ence to the
accompanying drawings, in which:     35   nication channel and arrives at
the second tran- FIG. 1 shows a time sequence for establishing
sceiver after a propagation delay of a. Following synchronization;
this transmission, the first transceiver activates its FIG. 2 shows an
exemplary protocol for estab-       receiver, which listens for an incoming
start signal lishing communications, and also provides for       for a
listening period having duration L. (For sim- reflections to be ignored;
40   plicity of illustration, no waiting period to allow FIG. 3 shows a
diagram of a transceiver em-         reflections to die out is included
prior to activating bodying the invention; and                          the
receiver). The start signal is the combination of FIG. 4 shows a circuit
suitable for randomizing    the "start" and "stop" bits of the packet in
this the listening period.                              illustrative case,
but may be any desired sequence The following detailed description relates
to a   45  of bits in the packet. As shown, since no start technique for
communicating between two tran-         signal is incoming during the first
listening period, sceivers having a peer relationship, whereby des-     the
first transceiver again transmits a packet at ignating one the master and
the other the slave is    time T2. The second transceiver is activated at
avoided. The transceivers transmit (and receive) at   time T1, which is S1
later than the activation of the different times due to a start-up
procedure using   50  first transceiver. After the transmission of its
pack- time variations that are statistically random  (or    et, the second
transceiver also listens for a listen- pseudo-random) in nature. By
detecting an incom-      ing period. As shown, no start signal is received
ing start signal during a listening period, the two   during this time
either. Hence, the second tran- 



transceivers are synchronized for communication       sceiver again
transmits a packet at time T3. without the necessity of collision
detection. Further-  55  Due to the random  difference in the period more,
the transceivers can be identical within nor-   between transmissions,
eventually a start signal will mal tolerances as manufactured.
be received by one of the transceivers during its listening period. At that
time, the transceiver de- 3    5                  EP0245972B1
6 tects the start signal, terminates the listening pe-  change in the
listening period also produces a riod and (after the optional waiting
period R) starts  change in the time interval between the periodic
transmitting a packet to the other transceiver.      transmissions of the
start signal. Hence, the statisti- When both transceivers have recognized
the start     cal difference between the transmission intervals signal
within their listening periods, the transceivers   5   for the two
transceivers is increased. In this man- are synchronized. Thereafter, a
number of packets    ner, the average time required for start-up is re-
containing a fixed bit pattern may be exchanged      duced, while allowing
for ease of maintaining syn- between the transceivers, to verify proper
synchro-  chronization of a high data rate after start-up is nization. Each
transceiver then switches to a state  achieved. If the communications
channel is broken receptive to transmit and receive the user data. In a
10  or otherwise interfered with, the startup sequence presently preferred
embodiment, each transceiver       will again be initiated, since a given
transceiver will also switches to a shorter listening period once     not
then have received a signal within its listening synchronization is
initially achieved, to reduce the  time period. Hence, communication may
again be time required to detect the loss of data, as due to  established.
noise, or a break in the channel, etc. For example,   15  If a data buffer
(optional) is provided in each if L=1 millisecond during the start-up
sequence,    transceiver, the communication can appear to be then changing
to L = 50 microseconds after syn-     full duplex to the user. For example,
the actual half- chronization is achieved allows for rapidly detecting
duplex data rate may be about 600 kilobits per loss of data. The
transceivers are typically de-      second in each direction, which will
allow each end signed to reset L to the longer period when power   20
user to send and receive at a constant 19 kilobit is lost.
rate, allowing for oversampling the user data, the For an example of the
time required for start-   inclusion of control bits, and propagation
delays. If up, if the looal time base of each transceiver uses  the data
buffer has sufficient capacity, even mo- a crystal oscillator having a
design frequency of 1  mentary breaks in the communication channel
megahertz and a tolerance of 0.01 percent, the   25   need not be apparent
to the users, since the tran- time bases will differ in frequency by no
more than  sceivers can automatically re-Initiate the above 200 hertz.
However, there is some difference, due    startup procedure until
synchronization is again to the inevitable statistical variations in the
compo-  achieved, and re-transmit the missing data. nent values or
operating conditions (e.g., tempera-     Also, as is known in the art, an
additional ture or power supply voltage) of the two tran-   30   waiting
period may be provided by each tran- sceivers. Because of this relatively
small but inevi-  sceiver to allow reflections to die out in the channel
table difference in frequency, after a certain time  before the transceiver
transmits after receiving a period the transmissions from one of the tran-
transmission from the other end. Reflections are sceivers will diverge
sufficiently from the transmis-  commonly present on a communication
channel sions from the other transceiver that the transmis-  35   due to
irregularities in the transmission medium at sions will not overlap. (A
resistance-capacitance    various points, usually including splices and
equip- type oscillator may be used to provide a larger      ment
terminations. The irregularities include imped- [err] and shorter start-up
time). Thus, as in-  ance mis-matches in the case of electrical conduc-
dicated in FIG. 1, the transmission of the start     tors, and differences
in the index of refraction in signal from transceiver one will eventually
arrive at  40  the case of optical conductors. Any reflections of a
transceiver two during transceiver two's listening   transmitted signal
(from the near end) tend to mask period. As noted, the listening period is
a random  the signal received from the far end. However, this variable that
is chosen to be greater than a desired  additional waiting period is
optional insofar as the minimum time. However, it is desirable that it not
present invention is concemed. That is, the reflec- be excessively long, in
order to minimize the time   45  tions may not be of sufficient magnitude
to inter- required for start-up. We recommend a listening      fere with
the desired signal, or may be removed by period having a value less than
1000 times the       echo-cancelers or dealt with otherwise. duration of
the start signal, which duration is typi-   Referring to FIG. 2, a sequence
of operations 



cally the same as the duration of a data packet. In  for implementing the
present invention in a given most cases, particularly in local area
transmission   50  transceiver is shown. The "begin" step may occur
systems, the listening period is less than 100 mil-  when power is applied
to the transceiver, and nor- liseconds, and typically less than 10
milliseconds.  mally occurs independently for the two transceivers In a
preferred embodiment, rather than relying   at opposite ends of a given
channel. The transmit- solely on the relatively small differences in the
time  ter then sends out the start signal (e.g., a multi-bit base
oscillators, a "randomizing" circuit is used   55   packet), while the
receiver is disabled. The inclu- that produces relatively larger variations
in the lis-  sion of an optional waiting period to allow reflec- tening
period without affecting the frequency of the  tions to be ignored is
provided by adding a time time base oscillator. This is effective because a
period R before enabling the receiver. The waiting 4    7
EP 0 245 972 B1                     8 period is typically of duration 2A,
wherein A is the    The analog receiver amplifies the electrical sig-
propagation- time of a signal over the maximum       nals from the diode
during reception of optical length communication channel with which the
tran-   signals, and supplies the amplified signal to the sceiver is
designed to operate. For a local area     digital receiver, which is under
the control of the type transmission system, the length is typically   5
protocol controller. The digital receiver operates on less than 10
kilometers. However, the present tech-  the data packets received, and
converts the pack- nique may be practiced with channels of any          ets
to a form suitable to the user via the "data out" length. The round trip
time (2A) then allows for a   line, along with a control signal to indicate
the reflection from the far end of a channel having the  reception of the
word. For example, if the user data maximum length (or less) to be ignored
by the   10  is oversampled and encoded, then the digital re- receiver,
However, other waiting periods may be       ceiver may convert the data
back to its original suitable. For example, a shorter waiting period may
form. be acceptable if it is known that the far end reflec-   A digital
transmitter, also under the control of tion is relatively small in
magnitude, or if the chan-  the protocol controller, receives data and
control nel actually used is less than the maximum design   15  signals
from a desired data source, and provides length. Alternately, the waiting
period R may be     suitably formatted data packets to the analog trans-
longer than 2A if additional attenuation of reflec-  mitter. The analog
transmitter provides sufficient tions is desired. Typically, the waiting
period allows  current amplification to drive the diode so as to for an
integral number of round-trips for the signal,  generate the optical signal
for transmission. A time over a channel having the maximum design length,
20   base oscillator provides timing signals, and a ran- and hence
typically R=nA, where n is an even         domizer circuit increases the
randomness of the integer.
listening period over the randomness of the local Upon enabling the
receiver after this first op-  time base, as discussed below. As indicated,
in a tional waiting period, the listening period begins. If  typical case,
all of the circuitry, with the exception a start signal is not detected
during the listening   25  of the diode (and quartz crystal - not shown),
is period, the transmitter again transmits a start sig-  located on a
single integrated circuit. However, it nal. However, when a start signal is
detected dur-   may be advantageous in some cases to integrate ing the
listening period, synchronization (i.e., "link-  the analog portions of the
circuitry on one in- up") is achieved. Note that if the first optional
tegrated circuit, and the digital portions on another waiting period is
included, then a second waiting   30  integrated circuit, to allow for
optimized processing period, typically also of duration R, may be pro-
for each. vided after detecting the start signal and before       In order
to implement a RS232 transceiver, enabling the transmitter. The second
waiting period  suitable system  parameters to obtain a 19.2 allows for
communicating over channels of less       kilobit/second user data rate are
as follows: than the maximum length. Otherwise data could be   35  1. User
data (at 19.2 kilobits/second) is sampled lost, since the transceiver at
the other end of the    at 397.7 kilobits/second. channel is then disabled
from receiving during its     2. A group of 31 samples is encoded into each
first optional waiting period, in order to allow the   packet. reflection
to be ignored at the far end in a com-      3. Optical coding is non return
to zero (NRZ). parable manner as above. By making the second   40     4.
Packet size is 13 bits, including a start bit, a optional waiting period to
be equal to the first, it is  stop bit, 2 control bits, and 9 data bits.
not necessary to specify a minimum length for the      5. The optical
transmission and reception rates channel.
are 596.59 kilobits/second. 



An exemplary embodiment of the present tech-        6. The time base
oscillator operates at 14.31818 nique using optical transceivers is shown
in FIG. 3.  45  MHz. In this embodiment, each transceiver utilizes a sin-
7. The maximum optical fiber propagation delay gle light emitting diode
(the "diode") for both trans-  (A) is assumed to be 5 microseconds,
providing mitting optical signals, and also for receiving op-    for a
maximum fiber length of about 1 kilometer. tical signals, by  employing
the diode as a           8. The waiting time (R) for echo suppression is
photodetector, according to principles known in the   so  10.057
microseconds (i.e., about 2A) art. Alternately, a separate optical source
(e.g.,     9. The duration of an optical packet is 21.79 laser or light
emitting diode) may be used with a      microseconds. separate
photodetector (e.g., pin diode, avalanche      The protocol controller
implements the protocol diode, phototransistor, etc.) by means of an
optical  shown in FIG. 2 by control signals as follows: coupler, according
to principles known in the art.  55  ARS Analog Receive Set: When this line
is The two transceivers communicate via an optical      high the receiver
is in its active state ready to fiber channel.
receive data from the diode. When ARS is low then the receiver is in a
state where it holds the receive 5    9                 EP 0 245 972 B1
10 detection threshold to avoid having it upset by the  ductances of
transistors M1 and M2. This variability much larger trensmit signals.
is relatively large in standard integrated circuit Link Status: This line
goes high to signify that  manufacturing processes. In addition, the
circuit communications has been established. When Link     provides a high
variablity of delay due to changes Status is high then it will go low if a
packet is not   5   in the power supply voltage, and also temperature.
received within the listening period.              The delay ranges from
about 100 microseconds to RC Receive Control: This line goes high to      2
milliseconds over expected variations in manu- enable the Digital Receiver.
When low, it clears the  facturing tolerances, temperature, and power sup-
circuitry of the Digital Receiver. When the Protocol  ply voltage. Other
randomizing circuits may be Controller sees that RO has gone high
(signifying   10  used, or a pseudo-random number generator may that the
Digital Receiver has received a data packet  be used for the randomizing
function. Additionally, from the fiber) then RC will go low after about
relying on electrical noise (e.g., a noisy diode) may [err]. This delay
allows sufficient time for the   provide this function, with still other
techniques packet to be decoded and loaded into the 31 bit    possible.
receiver register.                            15       Note that although
the exemplary embodiment RO Receive Over: The Digital Receiver causes
has illustrated signals in multiple-bit packets having this line to go high
immediately after it has re-  equal bit lengths, it is alternately possible
to em- ceived a valid packet from the fiber. RO can only  ploy packets
having different bit lengths. For exam- go high when RC is high.
ple, if information traffic is heavier in a given direc- XC Transmit
Control: This line goes high to  20  tion, then a larger transmit packet
(i.e., having more enable the Digital Transmitter. It is actually the
bits) may be used in that direction. It is also clear control for the
blocks within the Digital Trans-  possible to dynamically alter the packet
length, to mitter. When-the Protocol Controller sees that XO  optimize the
information carrying capacity of the has gone high (signifying that the
Digital Transmit-  system as the information load changes. On the ter is
finished) then XC will go low after a period   25  other hand, in very
simple, low-cost systems, the defined by the time base (139.7 nanoseconds).
transceivers may employ only a single bit packet. XO Transmit Over: The
Digital Transmitter       For example, pulse width modulation may be used,
causes this line to go high only after it has finished  wherein a logic "1"
is represented by a signal sending a packet of data onto the fiber. XO can
having a given duration (e.g., one microsecond), only go high when XC is
high.                 30  and a logic "0" is represented by a signal having
According to the preferred embodiment, each    another duration (e.g., two
microseconds). In this transceiver includes a randomizer circuit. This sub-
manner, the absence of any signal on the channel stantially increases the
random  variation of the  can be recognized by either transceiver as the
listening time from one transceiver to another, as  "link down" condition.
The next received signal compared to the random variation due to the local
35  (either a "1" or "0") may then be used as the start time base, but
without affecting the frequency of  signal in the startup procedure noted
above. It is the local time base. A suitable circuit is shown in  also
possible that the startup signal may be a FIG. 4, wherein the well-known
variability of the  multiple-bit packet having a different number of bits 



characteristics of field effect transistors is used for  than an
information bit packet. For example, if the this purpose. The power supply
voltage is imposed   40  information packet has a large number of bits, it
across series connected devices M1 and M2,         may be more efficient to
use a start packet having which are gate-drain shorted. Transistors M2-M3
fewer bits, to reduce the average required startup and M4-M5 form a current
mirror that divides the   time. Furthermore, the use of a fixed length
start current 11 to a smaller value. When the "control   packet may be
useful in facilitating start-up when line", under the control of a clock
referenced to the   45  the information packets are of variable length, as
time base, goes high, the listening period is ini-  noted above. Although
the start signal illustrated tiated, and M6 is turned off. This allows the
small  above includes start and stop bits in a packet, the current through
M5 to charge the capacitor C1      start signal may be readily implemented
with Man- (about 20 picofarads), causing the voltage on node  chester
encoded data by recognizing a 0 to 1 S to decrease. When node S reaches the
switching   50  transition, without the inclusion of a stop bit. Other
threshold of inverter INV3, the "out" line goes high,  start signal schemes
are also possible. which terminates the listening period. (A clock de-
Means may also be included in the transceiver rived from the time base
provides for the above-   to determine the actual propagation time (a) for
the noted minimum delay of 2A + P if the random delay  channel in use (as
opposed to the assumed maxi- is less than this minimum value). The
randomness  55   mum time A), and adjust the length of the informa- of the
delay from control line high to out high is  tion packet, or period between
packets accordingly, due in part to the variation in the capacitance of
after start-up is achieved. Also, once the link is Cl, and especially the
variablity of the transcon-  established, a measure of the actual
propagation 6    11                EP0245972B1                       12
time (a) may advantageously be used to keep the    4. A transceiver as
claimed in claim 3 adapted to receiver of a given transceiver disabled
following a  communicate over a channel having a maxi- transmission by its
transmitter until just prior to the  mum propagation time (A), and wherein
said time a return packet (from the other transceiver) is   minimum value
is the duration of said incom- expected. This reduces the possibility that
noise   5  ing start signal plus twice said maximum prop- will be mistaken
for an information signal. While a   agation time of said channel. given
transceiver may be designated to work  with a channel having a given
maximum propagation time    5. A transceiver as claimed in claim 1, 2, 3 or
4 (A), this need not be the case. For example, a        comprising    a
randomizing    means channel of arbitrary length may be used, with the   10
("RANDOMIZER") that substantially increases transceiver data rate from the
user being reduced    the randomness of the listening period without
accordingly as the channel length (and propagation     affecting the
frequency of said local time base. time) increases. This may be
accommodated auto- matically if desired by sending a signal to the near-
6. A transceiver as claimed in claim 1, 2, 3 or 4 end user when a return
packet is received from the   is  wherein said listening period depends
primarily far end. Finally, on long channels, it is possible for  on the
frequency of said local time base. two or more packets to be propagating
simulta- neously on the channel. This is useful, for example,  7. A
transceiver as claimed in any preceding when the propagation delay is long
compared to         claim wherein said means for transmitting a the packet
duration (P), and/or long compared to  20   start signal is adapted to
transmit a multi-bit the time required for a transceiver to switch be-
packet having a given bit pattern, and said tween transmit and receive. For
such long chan-        means for determining whether an incoming nels, the
minimum listening period is then desirably  start signal is received is
adapted to recognize less than 2A + P.
said given bit pattern. 25 Claims
8.  A transceiver as claimed in any preceding claim wherein the duration of
said outgoing 1. A transceiver adapted to communicate over a        start
signal is equal to the duration of said channel, said transceiver
comprising a trans-     incoming start signal. mitter ("DIGITAL
TRANSMITTER"; "ANALOG   30 TRANSMITTER") adapted to transmit informa-
Patentanspriche tion at a rate controlled by a local time base ("TIME
BASE"), a receiver ("DIGITAL RECEIV-    1. Sendeempfanger zur Kommunikation
Ober ei- 



ER"; "ANALOG RECEIVER") adapted to re-             nen Kanal mit elnem
Sender ("Digitaler Sen- ceive information, and optional means for pro-  35
der", "Analoger Sender") zur Obertragung von viding an optional waiting
period (R) that allows  Informationen mit einer Rate, die durch eine for at
least one reflection due to the transmit-   Brtliche Zeitbasis
("Zeitbasis") gesteuert wird, ted information to be ignored, CHARACTERIS-
einem  Empfanger ("Digitaler Empfanger", ED BY means for transmitting an
outgoing start     "Analoger Empfinger") zum Empfang von In- signal, means
for determining whether an in-  40   formationen und als Option einer
Einrichtung coming start signal is received within a listen-   zur
Bereitstellung einer optionalen Warteperio- ing period having a duration L
that follows said   de (R), die die M8glichkeit gibt, wenigstens
transmitting and optional waiting period, means    eine Reflexion aufgrund
der ausgesendeten In- for terminating said listening period prior to L if
formationen nicht zu beachten, an incoming start signal is received, and
45     gekennzeichnet durch means for causing said transmitter to again
eine Einrichtung zur Aussendung eines abge- transmit an outgoing start
signal if an incoming   henden Startsignals, start signal is not received
within said listening  eine Einrichtung zur Feststellung, ob ein an-
period, wherein said listening period is a ran-    kommendes Startsignal
innerhalb elner Emp- dom variable that ranges within desired limits.   50
fangsbereitschaftsperiode mit einer Dauer L empfangen wird, die der
Aussendung und der 2. A tranceiver as claimed in claim 1 comprising
optionalen Warteperiode folgt, means for deriving from said local time base
a     eine Einrichtung zur Beendigung der Emp- minimum value for said
listening period.           fangsbereitschaftsperiode vor der Dauer L, 55
wenn ein ankommendes Startsignal empfangen 3. A transceiver as claimed in
claim 2 wherein        wird und said minimum value is at least the duration
of     eine Einrichtung, die den Sender veranlalt, said incoming start
signal.                        emeut ein abgehendes Startsignal auszusen- 7
11             EP 0 245 972 B1                    12 time (a) may
advantageously be used to keep the    4. A transceiver as claimed in claim
3 adapted to receiver of a given transceiver disabled following a
communicate over a channel having a maxi- transmission by its transmitter
until just prior to the  mum propagation time (A), and wherein said time a
return packet (from the other transceiver) is   minimum value is the
duration of said incom- expected. This reduces the possibility that noise
5  ing start signal plus twice said maximum prop- will be mistaken for an
information signal. While a    agation time of said channel. given
transceiver may be designated to work with a channel having a given maximum
propagation time     5. A transceiver as claimed in claim 1, 2, 3 or 4 (A),
this need not be the case. For example, a         comprising    a
randomizing    means channel of arbitrary length may be used, with the   10
("RANDOMIZER") that substantially increases transceiver data rate from the
user being reduced      the randomness of the listening period without
accordingly as the channel length (and propagation     affecting the
frequency of said local time base. time) increases. This may be
accommodated auto- matically if desired by sending a signal to the near-
6. A transceiver as claimed in claim 1, 2, 3 or 4 end user when a return
packet is received from the   15  wherein said listening period depends
primarily far end. Finally, on long channels, it is possible for  on the
frequency of said local time base. two or more packets to be propagating
simulta- neously on the channel. This is useful, for, example,  7. A
transceiver as claimed in any preceding when the propagation delay is long
compared to         claim wherein said means for transmitting a the packet
duration (P), and/or long compared to  20    start signal is adapted to
transmit a multi-bit the time required for a transceiver to switch be-
packet having a given bit pattern, and said tween transmit and receive. For
such long chan-        means for determining whether an incoming nels, the
minimum listening period is then desirably   start signal is received is
adapted to recognize less than 2A + P.
said given bit pattern. 25 Claims
8.  A transceiver as claimed in any preceding claim wherein the duration of
said outgoing 1. A transceiver adapted to communicate over a         start
signal is equal to the duration of said 



channel, said transceiver comprising a trans-       incoming start signal.
mitter ("DIGITAL TRANSMITTER"; "ANALOG   30 TRANSMITTER") adapted to
transmit informa-      Patentansprlche tion at a rate controlled by a local
time base ("TIME BASE"), a receiver ("DIGITAL RECEIV-     1. Sendeempfanger
zur Kommunikation Ober ei- ER"; "ANALOG RECEIVER") adapted to re-
non Kanal mit einem Sender ("Digitaler Sen- ceive information, and optional
means for pro-  35  der", "Analoger Sender") zur Obertragung von viding an
optional waiting period (R) that allows   Informationen mit einer Rate, die
durch eine for at least one reflection due to the transmit-    6rtliche
Zeitbasis ("Zeitbasis") gesteuert wird, ted information to be ignored,
CHARACTERIS-         einem  Empfinger ("Digitaler Empffinger", ED BY means
for transmitting an outgoing start      "Analoger Empflnger") zum Empfang
von In- signal, means for determining whether an in-  40   formationen und
als Option einer Einrichtung coming start signal is received within a
listen-   zur Bereitstellung einer optionalen Warteperio- ing period having
a duration L that follows said    de (R), die die Moglichkeit gibt,
wenigstens transmitting and optional waiting period, means    eine
Reflexion aufgrund der ausgesendeten In- for terminating said listening
period prior to L if  formationen nicht zu beachten, an incoming start
signal is received, and   45     gekennzeichnet durch means for causing
said transmitter to again        eine Einrichtung zur Aussendung eines
abge- transmit an outgoing start signal if an incoming   henden
Startsignals, start signal is not received within said listening  eine
Einrichtung zur Feststellung, ob ein an- period, wherein said listening
period is a ran-    kommendes Startsignal innerhalb einer Emp- dom variable
that ranges within desired limits.   50  fangsbereitschaftsperiode mit
einer Dauer L empfangen wird, die der Aussendung und der 2. A tranceiver as
claimed in claim 1 comprising       optionalen Warteperiode folgt, means
for deriving from said local time base a     eine Einrichtung zur
Beendigung der Emp- minimum value for said listening period.
fangsbereitschaftsperiode vor der Dauer L, 55      wenn ein ankommendes
Startsignal empfangen 3. A transceiver as claimed in claim 2 wherein
wird und said minimum value is at least the duration of     eine
Einrichtung, die den Sender veranlaBt, said incoming start signal.
erneut ein abgehendes Startsignal auszusen- 7    13                EP 0 245
972 B1                   14 den, wenn kein ankommendes Startsignal in-
temps locale ("BASE DE TEMPS"), un recep- nerhalb  -der
Empfangsbereitschaftsperiode       teur    ("RECEPTEUR        NUMERIQUE";
empfangen wird, wobei die Empfangsbereit-         "RECEPTEUR ANALOGIQUE")
concu pour re- schaftsperiode eine Zufallsvariable ist, die sich  cevoir de
l'information, et des moyens faculta- innerhalb gewUnschter Grenzen bewegt.
5.      tifs pour etablir une periode d'attente facultati- ve (R) qui
permet de ne pas prendre en comp- 2. Sendeempfanger nach Anspruch 1
te au moins une reflexion qui resulte de l'infor- mit einer Einrichtung,
die aus der ortlichen      mation  6mise, CARACTERISE  PAR  des Zeitbasis
einen Minimalwert fOr die Empfangs-     moyens pour 6mettre un signal ce
debut sor- bereitschaftsperiode ableitet.            10      tant, des
moyens pour determiner si un signal ->        -
do debut entrant est regu pendant une p6riode 3. Sendeempfanger nach
Anspru~ch 2,                   d'6coute ayant une duree L qui suit la
p6riode bei dem der Minimalwert wiigstens gleich          d'emission et,
d'attente facultative, des moyens der Dauer des ankommenden Si3rtsignals
ist.       pour mettre fin a la periode d'attente avant L si 15      un
signal de debut entrant est regu, et des 4. Sendeempfanger nach Anspruch 3'
moyens pour faire en sorte quo l'emetteur zur Kommunikation Ober einen
Kanal mit einer      6mette a nouveau un signal de debut sortant si
maximalen Laufzeit (A), wobei der Minimalwert     un signal de d6but
entrant n'est pas regu pen- gleich der Dauer des ankommenden Startsi-
dant la periode d'attente, cette periode d'atten- Y>'m-'  gnals zuzaglich
der doppelten maximalen Lauf-  2o  te 6tant une variable aleatoire qui est
comprise zeit des Kanals ist. -                            entre des
limites d6sirees. 5. Sendeempfanger nach Anspruch 1, 2, 3 oder 4    2. Un
6metteur-r6cepteur selon la revendication mit einer Einrichtung zur
Zufallsverteilung       1, comprenant des moyens pour elaborer, a 



("Zufallsverteiler"), die die Zufallsverteilung der  25  partir de la base
de temps locale, une valeur Empfangsbereitschaftsperiode wesentlich er-
minimale pour la periode d'attente. hoht, ohne die Frequenz der ortlichen
Zeitba- sis zu beeinflussen.                           3. Un
emetteur-recepteur solon la revendication 2, dans lequel la valeur minimale
est au moins 6. Sendeempfanger nach Anspruch 1, 2, 3 oder  30      6gale a
la dur6e du signal de debut entrant. 4, bei dem die
Empfangsbereitschaftsperiode in    4. Un 6metteur-r6cepteur selon la
revendication erster Linie von der Frequenz der ortlichen       3, concu
pour communiquer au moyen d'un Zeitbasis abhangt.
canal ayant un temps de propagation maximal 35     (A), et dans lequel la
vaieur minimale precitee 7. Sendeempfainger nach einem der vorherge-
est la dur6e du signal de debut entrant, plus henden Ansprflche,
deux fois le temps de propagation maximal de bei dom die Einrichtung zur
Aussendung eines      ce canal. K..-' Startsignals ein Mehrbitpaket mit
einem gege- benen Bitmuster aussenden kann und die Ein-  40  5. Un
emetteur-recepteur selon la revendication richtung zur Feststellung, ob ein
ankommen-       1, 2, 3 ou 4, comprenant des moyens de des Startsignals
empfangen wird, das gegebe-      randomisation ("CIRCUIT DE RANDOMISA- ne
Bilmuster erkennen kann.                       TION") qui augmentent
notablement le carac- tere aleatoire de la p6riode d'ecoute, sans af- 8.
Sendeempfanger nach einem  der vorherge-  45      fecter la fr6quence de la
base de temps locale. henden AnsprOche, bei dem die Dauer des abgehenden
Startsi-      6. Un emetteur-recepteur selon la revendication gnals gleich
der Dauer des ankommenden            1, 2, 3 ou 4, dans lequel la periode
d'ecoute Startsignals ist.                                 depend
essentiellement de la fr6quence de la so      base de temps locale.
Revendicatlons 7. Un emetteur-recepteur selon l'une quelconque 1. Un
6metteur-r6cepteur conqu pour communi-          des revendications
precedentes, dans lequel quer au moyen d'un canal, cet emetteur-r6cep-
les moyens destines a 6mettre un signal de teur comprenant un 6metteur
("EMETTEUR   55       d6but sont concus pour emettre un paquet A
NUMERIQUE"; "EMETTEUR ANALOGIQUE")                plusieurs bits ayant une
configuration de bits concu pour 6mettre de l'information avec un
donn6e, et les moyens destines a determiner debit qui est commande par une
base de            si un signal de d~but entrant est regu, sont 8    15
EP 0 245 972 B1                    16 congus pour reconna'tre cette
configuration de bits donn6es. 8. Un 6metteur-rcepteur selon rune
quelconque des revendications pr~cedentes, dans lequel la   5 duree du
signal de d6but sortant est 6gale a la durke du signal de debut entrant. 15
20 25 30 35 40 45 50 55 9    


