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Description

Field of the Disclosure

[0001] The present disclosure relates to a receiver for
an N-wire digital interface, a signalling system comprising
the receiver, a wireless communication device compris-
ing the signalling system, and a method of operating a
signalling system.

Background to the Disclosure

[0002] The digital interface between radio frequency
integrated circuits (RFICs) and baseband integrated cir-
cuits (BBIC) has to support increasingly high data rates
with wireless communication standards such as the Third
Generation Partnership Project (3GPP) Long Term Ev-
olution (LTE) standard employing carrier aggregation.
Digital interface standards are specified by the Mobile
Industry Processor Interface (MIPI) Alliance. The current
MIPI DigRF v4 draft interface requires a 5.2GHz clock
for transmitting data in the LTE 20+20+20 case, denoting
aggregation of three 20MHz portions of spectrum, ren-
dering the physical implementation very challenging.
These extremely high clock rates are required because
the clock and data is transmitted with a single differential
line. As an alternative, a three-wire interface is under
consideration by the MIPI Alliance. This alternative inter-
face uses three-level signals transmitted over three wires
resulting in six unique states for data coding, so that the-
oretically log2(6) bits ≈ 2.585 bits can be transmitted with
three wires in one data transmission cycle. If the data is
forced to change state every data transmission cycle,
five unique states can be used to transfer theoretically
log2(5) bits = 2.322 bits of data, while also a clock signal
can be extracted from the changes in the transmitted
signals. Furthermore, by permitting the data to change
at both the rising and falling edges of a clock signal, a
technique known as Double Data Rate (DDR), the data
rate can be further doubled. However, the high bit rates
required for the LTE carrier aggregation modes push the
operating frequencies of the phase locked loop employed
for clock synchronisation into the same range as em-
ployed by a frequency synthesiser incorporated in the
RFIC. This means that the power consumption of the
phase locked loop becomes comparable to the power
consumption of the RFIC frequency synthesiser. More-
over, special radio frequency (RF) device modelling, and
even special RF devices, such as varactors, are required
to implement DigRF v4. In addition, known three-wire
digital interfaces require a non-zero voltage difference
between each pair of the wires.
[0003] The tri-state driver 10 illustrated in Figure 1 may
be used to drive a three-wire interface. The tri-state driver
10 comprises a NAND gate having a first input coupled
to a first driver input EN and a second input coupled to
a second driver input A. The tri-state driver 10 also com-
prises a NOR gate having a first input B coupled to the

first driver input EN by means of an inverter INV and a
second input coupled to the second driver input A. An
output C of the NAND gate is coupled to a gate of a p-
channel metal oxide semiconductor field effect transistor
(MOSFET) Q2, and an output D of the NOR gate is cou-
pled to a gate of an n-channel MOSFET Q1. A drain of
the p-channel MOSFET Q2 and a drain of the n-channel
MOSFET are coupled to an output OUT of the tri-state
driver 10.
[0004] Also illustrated in Figure 1 is a state table of the
tri-state driver 10, showing for all combinations of binary
values L and H applied to the first and second driver
inputs EN, A, binary values at the first input B of the NOR
gate, and at the outputs C, D of the NAND gate and NOR
gate. The state table also indicates whether the p-chan-
nel MOSFET Q2 and the n-channel MOSFET Q1 are
switched on or off. When the p-channel MOSFET Q2 is
switched on and the n-channel MOSFET Q1 is switched
off, the output OUT of the tri-state driver 10 has a binary
value H, the tri-state driver 10 is sourcing current, and its
output impedance is low. When the p-channel MOSFET
Q2 is switched off and the n-channel MOSFET Q1 is
switched on, the output OUT of the tri-state driver 10 has
a binary value L, the tri-state driver 10 is sinking current,
and, again, its output impedance is low. When the p-
channel MOSFET Q2 and the n-channel MOSFET Q1
are both switched off, the output OUT of the tri-state driver
10 is floating and has a high impedance. Therefore, the
impedance presented to a three-wire interface by the tri-
state driver 10 is signal dependent, which can result in
inter-symbol interference, particularly at high signalling
speeds.
A known signalling system using a three-wire interface
is illustrated in Figure 2, and comprises a transmitter (TX)
coupled to a receiver (RX) by means of three wires E, F,
G. At the transmitter, each of the three wires E, F, G is
coupled to two drivers by means of source resistors RS.
At the receiver, each of the three wires E, F, G is termi-
nated by a termination resistor RT, and comparators mon-
itor voltage differences between pairs of the three wires
E, F, G. The transmitter illustrated in Figure 2 can provide
line termination also for the high impedance state, when
the transmitter is neither sourcing nor sinking current over
a particular wire, but such a transmitter can consume a
significant amount of power which is not transmitted to
the receiver. One such three-wire three-level system is
disclosed in WO 2008/151251, particularly in Figure 7,
and an alternative three-wire two-level system is dis-
closed in Figure 5 of the same publication. WO
2008/151251 describes transmitters employing multi-
wire encoding techniques with an embedded clock, and
corresponding receivers to recover the embedded clock
signal from a multi-wire encoded transmission.

Summary of the Preferred Embodiments

[0005] According to a first aspect there is provided a
receiver for an N-wire digital interface, where N is any
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integer exceeding two, the receiver comprising N input
terminals and N detection stages, the receiver being
characterised by:

a common node;
each of the N detection stages comprising

a resistive element coupled between the com-
mon node and a respective one of the N input
terminals, and
a comparator having a first input coupled to the
respective one of the N input terminals and a
second input coupled to the common node; and

by the resistive element of each of the detection stag-
es having the same resistance.

[0006] The receiver enables an N-wire digital interface
to employ two-level signals which can provide low timing
skew and low signal distortion using a simple transmitter
with single ended drivers. Such a two-level driver can
enable good impedance matching at the transmitter so
that the receiver does not need to be matched. The re-
sistive elements at the receiver can have high values,
thereby reducing power consumption. Moreover, the re-
ceiver enables an N-wire digital interface to be terminated
at both the transmitter and receiver with an impedance
that is independent of the signals transmitted over the N-
wire digital interface, thereby facilitating high speed op-
eration. Current sourced from a transmitter to the receiver
can be sunk back to the transmitter, thereby enabling
high power efficiency. The topology of the receiver ena-
bles a low voltage swing at the common node, to which
the comparators are coupled, thereby providing low tim-
ing skew, and avoids the need for a voltage reference,
thereby enabling low complexity. In the present disclo-
sure, the term wire is intended to indicate any electrical
conductor.
[0007] The receiver may comprise a decoder coupled
to an output of each of the N comparators and arranged
to determine a received symbol dependent on a state of
the N comparators. The decoder may comprise a first
look-up table for mapping the state of the comparators
to the received symbol.
[0008] In a first preferred embodiment of the receiver,
N may be three, enabling up to six states to be distin-
guished. In a second preferred embodiment, N may be
four, enabling up to fourteen states to be distinguished.
In a third preferred embodiment, N may be five, enabling
up to twenty states to be distinguished.
[0009] According to a second aspect there is provided
a signalling system comprising a transmitter arranged to
generate on each wire of an N-wire interface a signalling
voltage indicative of a different one of N bits to be trans-
mitted, wherein each of the N signalling voltages is se-
lected from two values, and a receiver according to the
first aspect having its N input terminals coupled to the N-
wire interface.

[0010] The signalling system may comprise an encod-
er arranged to map a symbol to the N bits to be transmit-
ted. The encoder may comprise a second look-up table
for mapping the symbol to the N bits to be transmitted.
[0011] In a first preferred embodiment of the signalling
system, N may be three, two of the three signalling volt-
ages may have the same value, and a third one of the
three signalling voltages may have a different value.
[0012] In a second preferred embodiment of the sig-
nalling system, N may be four, at least two of the four
signalling voltages may have the same value, and the at
least one other of the four signalling voltages may have
a different value.
[0013] In a third preferred embodiment of the signalling
system, N may be five, three of the five signalling voltages
may have the same value, and the other two of the five
signalling voltages may have a different value.
[0014] There is also provided a wireless communica-
tion device comprising a signalling system according to
the second aspect.
According to a third aspect there is provided a method
of operating a receiver (100) as claimed in any one of
claims 1 to 4, the method comprising:

selecting N signalling voltages, wherein each of the
signalling voltages is selected from two values;

delivering the N signalling voltages to, respec-
tively, the N input terminals (101, 102, 103) of
the receiver (100); and

determining a received symbol dependent on a state
of the N comparators of the receiver.

[0015] The method may comprise employing a look-
up table for determining the received symbol dependent
on a state of the N comparators of the receiver.
[0016] In a first preferred embodiment of the method,
N may be three, two of the three signalling voltages may
have the same value, and a third one of the three signal-
ling voltages may have a different value.
[0017] In a second preferred embodiment of the meth-
od, N may be four, at least two of the four signalling volt-
ages may have the same value, and the at least one
other of the four signalling voltages may have a different
value.
[0018] In a third preferred embodiment of the method,
N may be five, three of the five signalling voltages may
have the same value, and the other two of the five sig-
nalling voltages may have a different value.

Brief Description of the Drawings

[0019] Preferred embodiments will now be described,
by way of example only, with reference to the accompa-
nying drawings, in which:

Figure 1 is a schematic diagram of a known tri-state
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driver;
Figure 2 is a schematic diagram of a known signalling
system;
Figure 3 is a schematic diagram of a signalling sys-
tem comprising a three-wire digital interface;
Figure 4 is a table of states of the signalling system
of Figure 3;
Figure 5 is a schematic diagram of a signalling sys-
tem comprising a four-wire digital interface;
Figure 6 is a table of states of the signalling system
of Figure 5;
Figure 7 is a schematic diagram of a signalling sys-
tem comprising a five-wire digital interface;
Figure 8 is a table of states of the signalling system
of Figure 7;
Figure 9 is a schematic diagram of a signalling sys-
tem;
Figure 10 is flow chart of a method of operating a
signalling system; and
Figure 11 is a schematic diagram of a wireless com-
munication device.

Detailed Description of Preferred Embodiments

[0020] Referring to Figure 3, a signalling system 300
comprises a transmitter 200 coupled to a receiver 100
by means of a first wire Z, a second wire Y and a third
wire X. The first, second and third wires Z, Y, X together
are a three-wire digital interface 350. The transmitter 200
has a first transmitter input 201 for a first transmit bit ZTX
of a symbol to be transmitted, a second transmitter input
202 for a second transmit bit YTX of the symbol to be
transmitted, and a third transmitter input 203 for a third
transmit bit XTX of the symbol to be transmitted. A first
driver 221 has an input coupled to the first transmitter
input 201 and an output coupled to a first transmitter out-
put 211 by means of a first transmitter resistive element
231. A second driver 222 has an input coupled to the
second transmitter input 202 and an output coupled to a
second transmitter output 212 by means of a second
transmitter resistive element 232. A third driver 223 has
an input coupled to the third transmitter input 203 and an
output coupled to a third transmitter output 213 by means
of a third transmitter resistive element 233. The first trans-
mitter output 211 is coupled to a first receiver input 101
by means of the first wire Z. The second transmitter out-
put 212 is coupled to a second receiver input 102 by
means of the second wire Y. The third transmitter output
213 is coupled to a third receiver input 103 by means of
the third wire X. The first, second and third transmitter
resistive elements 231, 232, 233 preferably each have
the same resistance.
[0021] The receiver 100 comprises a first detection
stage D1, a second detection stage D2 and a third de-
tection stage D3. The first detection stage D1 comprises
a first detection resistive element R1 coupled between
the first receiver input 101 and a common node 120, and
a first comparator C1 having a first, non-inverting input

121 coupled to the first receiver input 101 and a second,
inverting input 122 coupled to the common node 120. An
output 131 of the first comparator C1 is coupled to a first
receiver output 111 for delivering a first received bit ZRX.
The second detection stage D2 comprises a second de-
tection resistive element R2 coupled between the second
receiver input 102 and the common node 120, and a sec-
ond comparator C2 having a first, non-inverting input 123
coupled to the second receiver input 102 and a second,
inverting input 124 coupled to the common node 120. An
output 132 of the second comparator C2 is coupled to a
second receiver output 112 for delivering a second re-
ceived bit YRX. The third detection stage D3 comprises
a third detection resistive element R3 coupled between
the third receiver input 103 and the common node 120,
and a third comparator C3 having a first, non-inverting
input 125 coupled to the third receiver input 103 and a
second, inverting input 126 coupled to the common node
120. An output 133 of the third comparator C3 is coupled
to a third receiver output 113 for delivering a third re-
ceived bit XRX. The first, second and third detection re-
sistive elements R1, R2, R3 have an equal, or substan-
tially equal resistance, in other words, a common or sub-
stantially common resistance, which may be the same
as, or different from, a resistance of the first, second and
third transmitter resistive elements 231, 232, 233.
[0022] In operation, the first transmit bit ZTX, second
transmit bit YTX and third transmit bit XTX of a symbol to
be transmitted are applied to, respectively, the first, sec-
ond and third transmitter inputs 201, 202, 203. In re-
sponse to the first transmit bit ZTX, the first driver 221
establishes a first signalling voltage VZ at the first trans-
mitter output 211 which causes a first signalling current
IZ to flow in the first wire Z. In response to the second
transmit bit YTX, the second driver 222 establishes a sec-
ond signalling voltage VY at the second transmitter output
212 which causes a second signalling current IY to flow
in the second wire Y. In response to the third transmit bit
XTX, the third driver 223 establishes a third signalling
voltage VX at the third transmitter output 213 which caus-
es a third signalling current IX to flow in the third wire X.
[0023] Up to six different symbols may be transmitted
by the signalling system 300 described with reference to
Figure 3. In the table of Figure 4, the six columns num-
bered 1 to 6 represent six states of the signalling system
300 that correspond to the six available values of the
symbol transmitted across the three-wire digital interface
350. There are six permutations of binary values, 0 or 1,
for the first, second and third transmit bits ZTX, YTX, XTX,
where for each of the permutations, two of the first, sec-
ond and third transmit bits ZTX, YTX, XTX have the same
binary value, and the third one of the first, second and
third transmit bits ZTX, YTX, XTX has a different binary
value. Therefore, all six permutations include both binary
values, and the first, second and third transmit bits ZTX,
YTX, XTX are excluded from all having the same binary
value, either 1 or 0.
[0024] Values of the first, second and third signalling
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voltages VZ, VY, VX are indicated in Figure 4, having a
value V in response to the respective first, second and
third transmit bits ZTX, YTX, XTX being a binary 1, and
having a value -V in response to the respective first, sec-
ond and third transmit bits ZTX, YTX, XTX being a binary 0.
[0025] Similarly, values of the first, second and third
signalling currents IZ, IY, IX are indicated in Figure 4, hav-
ing a magnitude I in both of the first, second and third
wires Z, Y, X, which have a common signalling voltage
applied, either both V or both -V, and a magnitude 2I in
the other of the first, second and third wires Z, Y, X, which
has a different signalling voltage. The polarity of the first,
second and third signalling currents IZ, IY, IX follows the
polarity of the respective first, second and third signalling
voltages VZ, VY, VX, with a positive value indicating flow
of current from the transmitter 200 to the receiver 100,
and a negative value indicating flow of current from the
receiver 100 to the transmitter 200.
[0026] For the signalling system 300 of Figure 3,
I=(2V)/(3R), where R is the resistance of the first, second
and third detection resistive elements R1, R2, R3. In all
six states, current is either sourced into two of the first,
second and third receiver inputs 101, 102, 103 and is
sunk out of the other of the first, second and third receiver
inputs 101, 102, 103, or is sunk out of two of the first,
second and third receiver inputs 101, 102, 103 and is
sourced into the other of the first, second and third re-
ceiver inputs 101, 102.
[0027] First, second and third comparator voltages
VCZ, VCY, VCX indicated in Figure 4 are established be-
tween the first inputs 121, 123, 125 and second inputs
122, 124, 126 of the respective first, second and third
comparators C1, C2, C3 by the respective first, second
and third signalling currents IZ, IY, IX, where a positive
value indicates a relatively high voltage, and a negative
value indicates a relatively low voltage, at the first, non-
inverting inputs 121, 123, 125, of the first, second and
third comparators C1, C2, C3. The smallest voltage to
be detected by the first, second and third comparators
C1, C2, C3 has a magnitude 2V/3, and this enables a
high immunity to noise. The first, second and third com-
parators C1, C2, C3 deliver at their respective outputs
131, 132, 133 the first, second and third received bits
ZRX, YRX, XRX having a binary value, 1 or 0, dependent
on the polarity, positive or negative, of the respective first,
second and third comparator voltages VCZ, VCY, VCX, as
indicated in Figure 4.
[0028] In one example, the voltage V may be
200milliVolts, with -V being -200milliVolts, and the resist-
ance of the first, second and third detection resistive el-
ements R1, R2, R3 may be 50 ohms. In this case, the
current I is 2.66mA.
[0029] Although an embodiment of a signalling system
300 comprising a three-wire digital interface 350 has
been described in which values of the first, second and
third signalling voltages VZ, VY, VX are selected from V
and -V, it is not essential for the first, second and third
signalling voltages VZ, VY, VX to have an equal magni-

tude, or to have opposite polarity for representing differ-
ent binary values. More generally, values of the first, sec-
ond and third signalling voltages VZ, VY, VX may be se-
lected from any two non-equal values V1 and V2.
[0030] Where V1> V2, the voltage at the common node
120 varies, depending on the value of the symbol being
transmitted, between (V1-V2)/3 and 2(V1-V2)/3. A low var-
iation in this voltage can facilitate low timing skew in
changes of the first, second and third signalling voltages
VZ, VY, VX, which can facilitate high speed operation of
the signalling system 300. Moreover, when the signalling
system 300 is implemented in an integrated circuit, the
common node 120 is a local node inside the integrated
circuit, and no significant amount of current is charged
or discharged from the parasitic capacitances connected
to the common node 120, thereby avoiding any signifi-
cant degradation in eye opening of the signals conveyed
between the transmitter 200 and receiver 100.
[0031] Referring to Figure 5, there is illustrated a sig-
nalling system 300’ comprising a transmitter 200’ and
receiver 100’ coupled by means of a four-wire digital in-
terface 350’ comprising first, second, third and fourth
wires Z, Y, X, W. The transmitter 200’ illustrated in Figure
5 comprises all the elements of the transmitter 200 illus-
trated in, and described with reference to Figure 3, cou-
pled together in the manner described, and operational
in the manner described, but additionally comprises a
fourth transmitter input 204 for a fourth transmit bit WTX
of a symbol to be transmitted, a fourth driver 224 having
an input coupled to the fourth transmitter input 204 and
an output coupled to a fourth transmitter output 214 by
means of a fourth transmitter resistive element 234. The
fourth transmitter resistive element 234 may have a re-
sistance equal to, or substantially equal to, the resistance
of the first, second and third transmitter resistive ele-
ments 231, 232, 233. In response to the fourth transmit
bit WTX, the fourth driver 224 establishes a fourth signal-
ling voltage VW at the fourth transmitter output 214, de-
pendent on the binary value of the fourth transmit bit WTX
supplied at the fourth transmitter input 204, which causes
a fourth signalling current IW to flow in the fourth wire W.
[0032] Similarly, the receiver 100’ illustrated in Figure
5 comprises all the elements of the receiver 100 illustrat-
ed in, and described with reference to Figure 3, coupled
together in the manner described, and operational in the
manner described, but additionally comprises a fourth
receiver input 104 coupled to the fourth transmitter output
214 by means of the fourth wire W, and a fourth detection
stage D4 coupled to the fourth receiver input 104 and the
common node 120. The fourth detection stage D4 com-
prises a fourth detection resistive element R4 coupled
between the fourth receiver input 104 and the common
node 120, and a fourth comparator C4 having a first, non-
inverting input 127 coupled to the fourth receiver input
104, a second, inverting input 128 coupled to the common
node 120. An output of the fourth comparator C4 is cou-
pled to a fourth receiver output 114 for delivering a fourth
received bit WRX. The fourth detection resistive element
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R4 has a resistance equal to, or substantially equal to,
the resistance of the first, second and third detection re-
sistive elements R1, R2, R3.
[0033] Up to fourteen different symbols may be trans-
mitted by the signalling system 300’ described with ref-
erence to Figure 5. In the table of Figure 6, the fourteen
columns numbered 1 to 14 represent fourteen states of
the signalling system 300’ that correspond to the fourteen
available values of the symbol transmitted across the
four-wire digital interface 350’. There are fourteen per-
mutations of binary values, 0 or 1, for the first, second,
third and fourth transmit bits ZTX, YTX, XTX, WTX where
each of the permutations include both binary values.
Therefore, the first, second, third and fourth transmit bits
ZTX, YTX, XTX, WTX are excluded from all having the same
binary value, either 1 or 0.
[0034] Values of the first, second, third and fourth sig-
nalling voltages VZ, VY, VX, VW are indicated in Figure
6, having a value V in response to the respective first,
second, third and fourth transmit bits ZTX, YTX, XTX, WTX
being a binary 1, and having a value -V in response to
the respective first, second, third and fourth transmit bits
ZTX, YTX, XTX, WTX being a binary 0.
[0035] Values of the first, second, third and fourth sig-
nalling currents IZ, IY, IX, IW are indicated in Figure 6,
having a magnitude 2I when only two of the first, second,
third and fourth wires Z, Y, X, W have a common signal-
ling voltage applied, either both V or both - V, and the
other two of the first, second, third and fourth wires Z, Y,
X, W have the other binary value signalling voltage ap-
plied, correspondingly either -V or V. The polarity of the
first, second, third and fourth signalling currents IZ, IY, IX,
IW follows the polarity of the respective first, second, third
and fourth signalling voltages VZ, VY, VX, VW, with a pos-
itive value indicating flow of current from the transmitter
200’ to the receiver 100’, and a negative value indicating
flow of current from the receiver 100’ to the transmitter
200’.
[0036] When three of the first, second, third and fourth
wires Z, Y, X, W have a common signalling voltage ap-
plied, either all V or all -V, the other one of the first, sec-
ond, third and fourth wires Z, Y, X, W has the other binary
value signalling voltage applied, correspondingly either
-V or V. In this case, the three of the first, second, third
and fourth wires Z, Y, X, W which have a common sig-
nalling voltage applied convey respective signalling cur-
rents of magnitude I, and the other one of the first, second,
third and fourth wires Z, Y, X, W which has the other
binary value signalling voltage applied conveys a respec-
tive signalling current of magnitude 31. Again, the polarity
of the first, second, third and fourth signalling currents
IZ, IY, IX, IW follows the polarity of the respective first,
second, third and fourth signalling voltages VZ, VY, VX,
VW, with a positive value indicating flow of current from
the transmitter 200 to the receiver 100, and a negative
value indicating flow of current from the receiver 100 to
the transmitter 200.
[0037] For the four-wire digital interface of Figure 5,

I=V/(2R), where R is the resistance of the first, second,
third and fourth detection resistive elements R1, R2, R3,
R4. In all fourteen states, current is either sourced into
one, two or three of the first, second, third and fourth
receiver inputs 101, 102, 103, 104 and is sunk out of the
other respective three, two or one of the first, second,
third and fourth receiver inputs 101, 102, 103, 104, or is
sunk out of one, two or three of the first, second, third
and fourth receiver inputs 101, 102, 103, 104 and is
sourced into the other respective three, two or one of the
first, second, third and fourth receiver inputs 101, 102,
103, 104.
[0038] First, second, third and fourth comparator volt-
ages VCZ, VCY, VCX, VCW indicated in Figure 6 are es-
tablished between the first inputs 121, 123, 125, 127 and
second inputs 122, 124, 126, 128 of the respective first,
second, third and fourth comparators C1, C2, C3, C4 by
the respective first, second, third and fourth signalling
currents IZ, IY, IX, IW, where a positive value indicates a
relatively high voltage, and a negative value indicates a
relatively low voltage, at the first, non-inverting inputs
121, 123, 125, 127 of the first, second, third and fourth
comparators C1, C2, C3, C4. The smallest voltage to be
detected by the first, second, third and fourth compara-
tors C1, C2, C3, C4 has a magnitude V/2, and this ena-
bles a high immunity to noise. The first, second, third and
fourth comparators C1, C2, C3, C4 deliver at their re-
spective outputs 131, 132, 133, 134 the first, second,
third and fourth received bits ZRX, YRX, XRX, WRX having
a binary value, 1 or 0, dependent on the polarity, positive
or negative, of the respective first, second, third and
fourth comparator voltages VCZ, VCY, VCX, VCW, as indi-
cated in Figure 6.
[0039] Although an embodiment of a signalling system
300’ comprising a four-wire digital interface 350’ has
been described in which values of the first, second, third
and fourth signalling voltages VZ, VY, VX, VW are selected
from V and -V, it is not essential for the first, second, third
and fourth signalling voltages VZ, VY, VX, VW to have an
equal magnitude, or to have opposite polarity for repre-
senting different binary values. More generally, values
of the first, second, third and fourth signalling voltages
VZ, VY, VX, VW may be selected from any two non-equal
values V1 and V2.
[0040] For states 1 to 6 illustrated in Figure 6, the volt-
age at the common node 120 is identical, being midway
between the values V and -V of the first to fourth signalling
voltages VZ, VY, VX, VW, and so does not vary when
changing between any of states 1 to 6. Therefore, timing
skew in changes of the first, second, third and fourth sig-
nalling voltages VZ, VY, VX, VW is minimised when chang-
ing between any of states 1 to 6. For states 7 to 14 illus-
trated in Figure 6, the voltage at the common node 120
varies, depending on the value of the symbol being trans-
mitted, between (V1-V2)/4 and 3(V1-V2)/4, where V1 >
V2. Again, a low variation in this voltage can facilitate low
timing skew in changes of the first, second, third and
fourth signalling voltages VZ, VY, VX, VW, which can fa-
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cilitate high speed operation of the signalling system
300’. Likewise, when the signalling system 300’ is imple-
mented in an integrated circuit, the common node 120 is
a local node inside the integrated circuit, and no signifi-
cant amount of current is charged or discharged from the
parasitic capacitances connected to the common node,
thereby avoiding any significant degradation in eye open-
ing of the signals conveyed between the transmitter 200’
and receiver 100’.
[0041] Referring to Figure 7, there is illustrated a sig-
nalling system 300" comprising a transmitter 200" and
receiver 100" coupled together by means of a five-wire
digital interface 300". The five-wire digital interface
300" comprises first, second, third, fourth and fifth wires
Z, Y, X, W, U. The transmitter 200" illustrated in Figure
7 comprises all the elements of the transmitter 200’ illus-
trated in, and described with reference to Figure 5, cou-
pled together in the manner described, and operational
in the manner described, but additionally comprises a
fifth transmitter input 205 for a fifth transmit bit UTX of a
symbol to be transmitted, a fifth driver 225 having an
input coupled to the fifth transmitter input 205 and an
output coupled to a fifth transmitter output 215 by means
of a fifth transmitter resistive element 235. The fifth trans-
mitter resistive element 235 may have a resistance equal
to, or substantially equal to, the resistance of the first,
second, third and fourth transmitter resistive elements
231, 232, 233, 234. In response to the fifth transmit bit
UTX, the fifth driver 225 establishes a fifth signalling volt-
age VU at the fifth transmitter output 215, dependent on
the binary value of the fifth transmit bit UTX supplied at
the fifth transmitter input 205, which causes a fifth sig-
nalling current IU to flow in the fifth wire U.
[0042] Similarly, the receiver 100" illustrated in Figure
7 comprises all the elements of the receiver 100’ illus-
trated in, and described with reference to Figure 5, cou-
pled together in the manner described, and operational
in the manner described, but additionally comprises a
fifth receiver input 105 coupled to the fifth transmitter out-
put 215 by means of the fifth wire U, and a fifth detection
stage D5 coupled to the fifth receiver input 105 and the
common node 120. The fifth detection stage D5 compris-
es a fifth detection resistive element R5 coupled between
the fifth receiver input 105 and the common node 120,
and a fifth comparator C5 having a first, non-inverting
input 129 coupled to the fifth receiver input 105, a second,
inverting input 130 coupled to the common node 120. An
output of the fifth comparator C5 is coupled to a fifth re-
ceiver output 115 for delivering a fifth received bit URX.
The fifth detection resistive element R5 has a resistance
equal to, or substantially equal to, the resistance of the
first, second, third and fourth detection resistive elements
R1, R2, R3, R4.
[0043] Up to twenty different symbols may be trans-
mitted by the signalling system 300" described with ref-
erence to Figure 7. In the table of Figure 8, the twenty
columns numbered 1 to 20 represent twenty states of the
signalling system 300" that correspond to the twenty

available values of the symbol transmitted across the
five-wire digital interface 350". There are twenty permu-
tations of binary values, 0 or 1, for the first, second, third,
fourth and fifth transmit bits ZTX, YTX, XTX, WTX, UTX
where each of the permutations include both binary val-
ues 0 and 1. More particularly, each of the permutations
include three instances of either one of the binary values
0 and 1, and two instances of the other of the binary
values. Therefore, the first, second, third, fourth and fifth
transmit bits ZTX, YTX, XTX, WTX, UTX are, in this embod-
iment, excluded from all having the same binary value,
either 1 or 0, and are excluded from having a single binary
1 and from having a single binary 0.
[0044] Values of the first, second, third, fourth and fifth
signalling voltages VZ, VY, VX, VW, VU are indicated in
Figure 8, having a value V in response to the respective
first, second, third, fourth and fifth transmit bits ZTX, YTX,
XTX, WTX, UTX being a binary 1, and having a value -V
in response to the respective first, second, third, fourth
and fifth transmit bits ZTX, YTX, XTX, WTX, UTX being a
binary 0.
[0045] Values of the first, second, third, fourth and fifth
signalling currents IZ, IY, IX, IW, IU are indicated in Figure
8, having a magnitude 2I for those three of the first, sec-
ond, third, fourth and fifth wires Z, Y, X, W, U which have
a common signalling voltage applied, either all V or all
-V, and a magnitude 3I for the other two of the first, sec-
ond, third, fourth and fifth wires Z, Y, X, W, U which have
the other binary value signalling voltage applied, corre-
spondingly either -V or V. The polarity of the first, second,
third, fourth and fifth signalling currents IZ, IY, IX, IW, IU
follows the polarity of the respective first, second, third,
fourth and fifth signalling voltages VZ, VY, VX, VW, VU,
with a positive value indicating flow of current from the
transmitter 200" to the receiver 100", and a negative val-
ue indicating flow of current from the receiver 100" to the
transmitter 200".
[0046] For the five-wire digital interface of Figure 7,
I=(2V)/(5R), where R is the resistance of the first, second,
third, fourth and fifth detection resistive elements R1, R2,
R3, R4, R5. In all twenty states, current is either sourced
into two or three of the first, second, third, fourth and fifth
receiver inputs 101, 102, 103, 104, 105 and is sunk out
of the other respective three or two of the first, second,
third, fourth and fifth receiver inputs 101, 102, 103, 104,
105, or is sunk out of two or three of the first, second,
third, fourth and fifth receiver inputs 101, 102, 103, 104,
105 and is sourced into the other respective three or two
of the first, second, third, fourth and fifth receiver inputs
101, 102, 103, 104, 105.
[0047] First, second, third, fourth and fifth comparator
voltages VCZ, VCY, VCX, VCW, VCU indicated in Figure 8
are established between the first inputs 121, 123, 125,
127, 129 and second inputs 122, 124, 126, 128, 130 of
the respective first, second, third, fourth and fifth compa-
rators C1, C2, C3, C4, C5 by the respective first, second,
third, fourth and fifth signalling currents IZ, IY, IX, IW, IU
where a positive value indicates a relatively high voltage,
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and a negative value indicates a relatively low voltage,
at the first, non-inverting inputs 121, 123, 125, 127, 129
of the first, second, third, fourth and fifth comparators C1,
C2, C3, C4, C5. The smallest voltage to be detected by
the first, second, third, fourth and fifth comparators C1,
C2, C3, C4, C5 has a magnitude 4V/5, indicating a lower
immunity to noise than the signalling systems 300, 300’
comprising the three-wire or four-wire digital interfaces
350, 350’. The first, second, third, fourth and fifth com-
parators C1, C2, C3, C4, C5 deliver at their respective
outputs 131, 132, 133, 134, 135 the first, second, third,
fourth and fifth received bits ZRX, YRX, XRX, WRX, VRX
having a binary value, 1 or 0, dependent on the polarity,
positive or negative, of the respective first, second, third,
fourth and fifth comparator voltages VCZ, VCY, VCX, VCW,
VCU, as indicated in Figure 8.
[0048] Although an embodiment of a signalling system
300" comprising a five-wire digital interface 350" has
been described in which values of the first, second, third,
fourth and fifth signalling voltages VZ, VY, VX, VW, VU are
selected from V and -V, it is not essential for the first,
second, third, fourth and fifth signalling voltages VZ, VY,
VX, VW, VU to have an equal magnitude, or to have op-
posite polarity for representing different binary values.
More generally, values of the first, second, third, fourth
and fifth signalling voltages VZ, VY, VX, VW, VU may be
selected from any two non-equal values V1 and V2.
[0049] For all states 1 to 20 illustrated in Figure 8, the
voltage at the common node 120 varies, depending on
the value of the symbol being transmitted, between
2(V1-V2)/5 and 3(V1-V2)/5, where V1 > V2. This variation
of voltage at the common node 120 is lower than in the
case of the signalling system 300 comprising the three-
wire digital interface 350, and can facilitate low timing
skew in changes of the first, second, third, fourth and fifth
signalling voltages VZ, VY, VX, VW, VU, which can facili-
tate high speed operation on the five-wire digital interface
350".
[0050] Although an embodiment of a receiver for a five-
wire digital interface has been disclosed in which the first
to fifth transmit bits ZTX, YTX, XTX, WTX, UTX are excluded
from having a single binary 1 and from having a single
binary 0, this is not an essential limitation. In other em-
bodiments of a five-wire digital interface, more than twen-
ty states of the first to fifth comparators C1...C5 may be
employed, enabling more than twenty symbols to be re-
ceived. This entails employing values for the first to fifth
transmit bits ZTX, YTX, XTX, WTX, UTX which have a single
binary 1 or a single binary 0, and correspondingly per-
mitting four of the first to fifth signalling voltages VZ, VY,
VX, VW, VU to have the same value and only the fifth one
of the first to fifth signalling voltages VZ, VY, VX, VW, VU
to have a different value. In this case, the first to fifth
comparator voltages VCZ, VCY, VCX, VCW, VCU can take
smaller values than the values indicated in the table of
Figure 8, and therefore the noise immunity of such a re-
ceiver is lower than for the receiver 100" used for receiv-
ing twenty symbols. Referring to Figure 9, a signalling

system 500 employing a three-wire digital interface 350
comprises an encoder 510, the transmitter 200 coupled
to the receiver 100 by means of a first, second and third
wire Z, Y, X, and a decoder 540. The encoder 510 has
an input 512 for data symbols D. Each data symbol cor-
responds to a different one of the six states illustrated in
Figure 4. The encoder 510 employs a look-up table (LUT)
514 comprising the three rows of the table of Figure 4
that map the six states corresponding to data symbols
to the first, second and third transmit bits ZTX, YTX, XTX.
The encoder 510 is coupled to the first, second and third
inputs 201, 202, 203 of the transmitter 200 for delivering
the first, second and third transmit bits ZTX, YTX, XTX to
the transmitter 200 for transmission. Operation, and in-
terconnection, of the transmitter 200 and receiver 100
are as described above with reference to Figure 3. The
decoder 540 is coupled to the first, second and third out-
puts 111, 112, 113 of the receiver 100 for receiving the
first, second and third received bits ZRX, YRX, XRX. The
decoder 540 employs a look-up table 544 comprising the
three rows of the table of Figure 4 that map the first,
second and third received bits ZRX, YRX, XRX to the six
states corresponding to data symbols, and delivers at an
output 534 a data symbol correspond to each decoded
state. Although the encoder 510 has been presented as
a separate entity from the transmitter 200, alternatively,
the encoder 510 may be incorporated within the trans-
mitter 200. Similarly, although the decoder 540 has been
presented as a separate entity from the receiver 100,
alternatively, the decoder 540 may be incorporated within
the receiver 100.
[0051] With the six available states, up to log2(6) bits
∼ 2.58 bits can be transmitted in each symbol period. By
employing DDR, thereby permitting the data to change
at both the rising and falling edges of a clock signal, up
to 2log2(6) bits ∼ 5.17 bits can be transmitted in each
clock cycle. In another embodiment, the signalling sys-
tem 500 may employ the four-wire digital interface 350’
using the transmitter 200’ and receiver 100’ described
with reference to Figure 5, in which case, with fourteen
states available, up to log2(14) bits ∼ 3.81 bits can be
transmitted in each symbol period, or 7.61 bits with DDR.
In a further embodiment, the signalling system 500 may
employ the five-wire digital interface 350" using the trans-
mitter 200" and receiver 100" described with reference
to Figure 7, in which case, with twenty states available,
up to log2(20) bits ∼ 4.32 bits can be transmitted in each
symbol period, or 8.64 bits with DDR.
[0052] It is not essential for all of the available states
to be employed to represent data symbols. For example,
with the five-wire digital interface 350", sixteen of the
twenty states may be used to represent data symbols,
with each of these data symbols representing four bits
of data, and four of the twenty states may be used to
represent control symbols, such as INIT, for initialising a
receiving terminal, START, for initiating communication
of data, END, for terminating communication of data, and
REPEAT, signifying that the data represented by the pre-
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viously transmitted data symbol is repeated. This RE-
PEAT control symbol can be used to ensure that there
is a change of voltage or current in at least one of the
first, second, third, fourth and fifth wires Z, Y, X, W, U at
the beginning of every data symbol period, which can
facilitate clock extraction from the received symbols.
[0053] Although the transmitters 200, 200’, 200" and
receivers 100, 100’ and 100’ are adapted for transmitting
and receiving, respectively, six, fourteen and twenty
states they may be employed for transmitting and receiv-
ing fewer states. For example, in the case of the four-
wire interface, the states employed may be limited to
those that correspond to the largest comparator voltages
VCZ, VCY, VCX, VCW, namely states one to six in Figure
6. These six states also provide a constant voltage at the
common node. Therefore, these states enable high
speed and low timing skew, and generate least interfer-
ence.
[0054] Although embodiments of a receiver for a three-
wire, a four-wire and a five-wire digital interface have
been disclosed, the disclosure is not limited to these num-
bers of wires, and more wires can be used. In general,
the selection of the number of wires N and the number
of states is a trade-off between signalling speed and
noise immunity, the latter being dependent on the mini-
mum comparator voltage to be detected. In a further em-
bodiment, twenty-four states can be provided on a six-
wire digital interface in which, for all twenty-four states,
three of the wires convey signalling voltages having a
first value V1, and the other three wires convey signalling
voltages having a second, different value V2. Such an
embodiment would provide a common noise immunity
for all twenty-four states. Alternatively, where six wires
are available, two three-wire digital interfaces can be pro-
vided using two of the signalling systems 300 described
with reference to Figure 3, each providing six states, and
therefore a total of up to thirty six states, but with a lower
noise immunity.
[0055] Suitable voltages for the non-equal values V1
and V2 from which the first, second, third, fourth and fifth
signalling voltages VZ, VY, VX, VW, VU may be selected
are dependent on the application for which the receivers
100, 100’ and 100" are used. As the voltage difference
between V1 and V2 decreases, comparator delay may
increase, and analogue noise can result in unacceptable
timing jitter in signals transmitted over the N-wire inter-
face. Typically, in applications employing clock speeds
around 1 GHz or faster, a voltage difference between V1
and V2 of not less than 100mV may be preferable. Re-
ferring to Figure 10, a method of operating an N-wire
digital interface comprises, at step 400, providing a re-
ceiver such as one of the receivers 100, 100’, 100" de-
scribed with reference to, respectively, Figure 3, 5 and
7, and executing a plurality of passes of a loop comprising
steps 410, 420 and 430. Each pass of step 410 comprises
selecting N signalling voltages, wherein each of the N
signalling voltages is selected from two values. Each
pass of step 420 comprises delivering the selected N

signalling voltages to the respective N input terminals of
the receiver, and each pass of step 430 comprises de-
termining a received symbol dependent on the N signal-
ling voltages.
[0056] In a first preferred embodiment of the method,
N is three, the receiver is the receiver 100 described with
reference to Figure 3, two of the three signalling voltages
have the same value and a third one of the three signalling
voltages has a different value. In a second preferred em-
bodiment of the method, N is four, the receiver is the
receiver 100’ described with reference to Figure 5, at
least two of the four signalling voltages have the same
value and the at least one other of the four signalling
voltages has a different value. In a third preferred em-
bodiment, N is five, the receiver is the receiver
100" described with reference to Figure 7, three of the
five signalling voltages have the same value and the other
two of the five signalling voltages have a different value.
[0057] Referring to Figure 11, a wireless communica-
tion device 600 comprises an antenna 610 coupled to a
transceiver 620. The transceiver 620 comprises an RF
integrated circuit (RFIC) 630 coupled to a baseband in-
tegrated circuit (BBIC) 640. The signalling system 500
described with reference to Figure 9 is employed for com-
munication between the RFIC 630 and the BBIC 640,
and conveys downlink information, that is, information
received by the wireless communication device 600, and
is referred to below as a downlink signalling system and
is referenced 500D in Figure 11. Elements of the downlink
signalling system 500D have the same reference numer-
als as the elements of the signalling system 500 of Figure
9 with an additional suffix D. Therefore, the downlink sig-
nalling system 500D comprises, in the RFIC 630, an en-
coder 510D coupled a transmitter 200D, and, in the BBIC
640, a receiver 100D coupled to a decoder 540D. The
transmitter 200D and the receiver 100D are coupled by
means of three wires ZD, YD, XD.
[0058] Another instance of the signalling system 500
described with reference to Figure 9 is employed for com-
munication between the RFIC 630 and the BBIC 640,
and conveys uplink information, that is, information trans-
mitted from the wireless communication device 600, and
is referred to below as an uplink signalling system and
is referenced 500U in Figure 11. Elements of the uplink
signalling system 500U have the same reference numer-
als as the elements of the signalling system 500 of Figure
9 with an additional suffix U. Therefore, the uplink sig-
nalling system 500U comprises, in the BBIC 640, an en-
coder 510U coupled a transmitter 200U, and, in the RFIC
640, a receiver 100U coupled to a decoder 540U. The
transmitter 320U and the receiver 100U are coupled by
means of three wires ZU, YU, XU.
[0059] Although the disclosure is described with refer-
ence to LTE and digital interface standards specified by
the MIPI Alliance, the disclosure is not limited to these
standards but has application to other digital interfaces.
Similarly, although the disclosure is described with ref-
erence to a wireless communication device, the disclo-
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sure is not limited to such a device, but has application
to other electronic devices incorporating a digital inter-
face.
[0060] Other variations and modifications will be ap-
parent to the skilled person. Features that are described
in the context of separate embodiments may be provided
in combination in a single embodiment. Conversely, fea-
tures which are described in the context of a single em-
bodiment may also be provided separately or in any suit-
able subcombination.
[0061] It should be noted that the term "comprising"
does not exclude other elements or steps, the term "a"
or "an" does not exclude a plurality, a single feature may
fulfil the functions of several features recited in the claims
and reference signs in the claims shall not be construed
as limiting the scope of the claims. It should also be noted
that the Figures are not necessarily to scale; emphasis
instead generally being placed upon illustrating the prin-
ciples of the present invention.

Claims

1. A receiver (100) for an N-wire digital interface (350),
where N is any integer exceeding two, the receiver
comprising N input terminals (101, 102, 103) and N
detection stages (D1, D2, D3), the receiver being
characterised by:

a common node (120);
each of the N detection stages (D1, D2, D3) com-
prising

a resistive element (R1, R2, R3) coupled
between the common node (120) and a re-
spective one of the N input terminals (101,
102, 103), and
a comparator (C1, C2, C3) having a first in-
put (121, 123, 125) coupled to the respec-
tive one of the N input terminals (101, 102,
103) and a second input (122, 124, 126)
coupled to the common node (120); and

by the resistive element (R1, R2, R3) of each of
the detection stages (D1, D2, D3) having the
same resistance.

2. A receiver (100) as claimed in claim 1, comprising a
decoder (540) coupled to an output (131, 132, 133)
of each of the N comparators (C1, C2, C3) and ar-
ranged to determine a received symbol dependent
on a state of the N comparators (C1, C2, C3).

3. A receiver (100) as claimed in claim 2, wherein the
decoder (540) comprises a first look-up table (544)
for mapping the state of the comparators (C1, C2,
C3) to the received symbol.

4. A receiver (100) as claimed in any one of claims 1
to 3, wherein N is one of: three, four and five.

5. A signalling system (500) comprising:

a transmitter (200) arranged to generate on each
wire of an N-wire interface (350) a signalling volt-
age indicative of a different one of N bits to be
transmitted, wherein each of the N signalling
voltages is selected from two values, and
a receiver (100) as claimed in any one of claims
1 to 3 having its N input terminals (101, 102,
103) coupled to the N-wire interface (350).

6. A signalling system (500) as claimed in claim 5, com-
prising an encoder (510) arranged to map a symbol
to the N bits to be transmitted.

7. A signalling system (500) as claimed in claim 6,
wherein the encoder (510) comprises a second look-
up table (514) for mapping the symbol to the N bits
to be transmitted.

8. A signalling system (500) as claimed in any one of
claims 5 to 7, wherein N is three, and wherein two
of the three signalling voltages have the same value
and a third one of the three signalling voltages has
a different value.

9. A signalling system (500) as claimed in any one of
claims 5 to 7, wherein N is four, and wherein at least
two of the four signalling voltages have the same
value and the at least one other of the four signalling
voltages has a different value.

10. A signalling system (500) as claimed in any one of
claims 5 to 7, wherein N is five, and wherein three
of the five signalling voltages have the same value
and the other two of the five signalling voltages have
a different value.

11. A wireless communication device (600) comprising
a signalling system (500) as claimed in any one of
claims 5 to 10.

12. A method of operating a receiver (100) as claimed
in any one of claims 1 to 4, the method comprising:

selecting (410) N signalling voltages, wherein
each of the signalling voltages is selected from
two values;
delivering (420) the N signalling voltages to, re-
spectively, the N input terminals (101, 102, 103)
of the receiver (100); and
determining (430) a received symbol dependent
on a state of the N comparators of the receiver.

13. A method as claimed in claim 12, wherein N is three,
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and wherein two of the three signalling voltages have
the same value and a third one of the three signalling
voltages has a different value.

14. A method as claimed in claim 12, wherein N is four,
wherein at least two of the four signalling voltages
have the same value and the at least one other of
the four signalling voltages has a different value.

15. A method as claimed in claim 12, wherein N is five,
and wherein three of the five signalling voltages have
the same value and the other two of the five signalling
voltages have a different value.

Patentansprüche

1. Empfänger (100) für eine N-adrige digitale Schnitt-
stelle (350), wobei N eine beliebige ganze Zahl grö-
ßer als zwei ist, wobei der Empfänger N Eingangs-
anschlüsse (101, 102, 103) und N Erkennungsstufen
(D1, D2, D3) umfasst, wobei der Empfänger ge-
kennzeichnet ist durch:

einen gemeinsamen Knoten (120);
wobei jede der N Erkennungsstufen (D1, D2,
D3) Folgendes umfasst:

ein Widerstandselement (R1, R2, R3), das
zwischen dem gemeinsamen Knoten (120)
und einem jeweiligen einen der N Eingangs-
anschlüsse (101, 102, 103) gekoppelt ist,
und
einen Komparator (C1, C2, C3) mit einem
ersten Eingang (121, 123, 125), der mit dem
jeweiligen einen der N Eingangsanschlüsse
(101, 102, 103) gekoppelt ist, und einem
zweiten Eingang (122, 124, 126), der mit
dem gemeinsamen Knoten (120) gekoppelt
ist; und

dadurch, dass das Widerstandselement (R1,
R2, R3) jeder der Erkennungsstufen (D1, D2,
D3) denselben Widerstand hat.

2. Empfänger (100) nach Anspruch 1, der einen Deco-
der (540) umfasst, der mit einem Ausgang (131, 132,
133) jedes der N Komparatoren (C1, C2, C3) gekop-
pelt und zum Bestimmen eines empfangenen Sym-
bols je nach einem Zustand der N Komparatoren
(C1, C2, C3) ausgelegt ist.

3. Empfänger (100) nach Anspruch 2, wobei der De-
coder (540) eine erste Look-up-Tabelle (544) zum
Abbilden des Zustands der Komparatoren (C1, C2,
C3) auf das empfangene Symbol umfasst.

4. Empfänger (100) nach einem der Ansprüche 1 bis

3, wobei N drei, vier oder fünf ist.

5. Signalisierungssystem (500), das Folgendes um-
fasst:

einen Sender (200) zum Erzeugen, auf jeder
Ader einer N-adrigen Schnittstelle (350), einer
Signalisierungsspannung, die ein anderes von
zu sendenden N Bits anzeigt, wobei jede der N
Signalisierungsspannungen aus zwei Werten
ausgewählt ist, und
einen Empfänger (100) nach einem der Ansprü-
che 1 bis 3, dessen N Eingangsanschlüsse (101,
102, 103) mit der N-adrigen Schnittstelle (350)
gekoppelt sind.

6. Signalisierungssystem (500) nach Anspruch 5, das
einen Encoder (510) umfasst, der zum Abbilden ei-
nes Symbols auf die zu sendenden N Bits ausgelegt
ist.

7. Signalisierungssystem (500) nach Anspruch 6, wo-
bei der Encoder (510) eine zweite Look-up-Tabelle
(514) zum Abbilden des Symbols auf die zu senden-
den N Bits umfasst.

8. Signalisierungssystem (500) nach einem der An-
sprüche 5 bis 7, wobei N drei ist und wobei zwei der
drei Signalisierungsspannungen denselben Wert
haben und eine dritte der drei Signalisierungsspan-
nungen einen anderen Wert hat.

9. Signalisierungssystem (500) nach einem der An-
sprüche 5 bis 7, wobei N vier ist und wobei wenigs-
tens zwei der vier Signalisierungsspannungen den-
selben Wert haben und die wenigstens eine andere
der vier Signalisierungsspannungen einen anderen
Wert hat.

10. Signalisierungssystem (500) nach einem der An-
sprüche 5 bis 7, wobei N fünf ist und wobei drei der
fünf Signalisierungsspannungen denselben Wert
haben und die anderen beiden der fünf Signalisie-
rungsspannungen einen anderen Wert haben.

11. Drahtloses Kommunikationsgerät (600), das ein Si-
gnalisierungssystem (500) nach einem der Ansprü-
che 5 bis 10 hat.

12. Verfahren zum Betreiben eines Empfängers (100)
nach einem der Ansprüche 1 bis 4, wobei das Ver-
fahren Folgendes beinhaltet:

Auswählen (410) von N Signalisierungsspan-
nungen, wobei jede der Signalisierungsspan-
nungen aus zwei Werten ausgewählt ist;
Anlegen (420) der N Signalisierungsspannun-
gen jeweils an die N Eingangsanschlüsse (101,
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102, 103) des Empfängers (100); und
Bestimmen (430) eines empfangenen Symbols
je nach einem Zustand der N Komparatoren des
Empfängers.

13. Verfahren nach Anspruch 12, wobei N drei ist und
wobei zwei der drei Signalisierungsspannungen
denselben Wert haben und eine dritte der drei Sig-
nalisierungsspannungen einen anderen Wert hat.

14. Verfahren nach Anspruch 12, wobei N vier ist, wobei
wenigstens zwei der vier Signalisierungsspannun-
gen denselben Wert haben und die wenigstens eine
der vier Signalisierungsspannungen einen anderen
Wert hat.

15. Verfahren nach Anspruch 12, wobei N fünf ist und
wobei drei der fünf Signalisierungsspannungen den-
selben Wert haben und die anderen zwei der fünf
Signalisierungsspannungen einen anderen Wert ha-
ben.

Revendications

1. Récepteur (100) pour une interface numérique à N
fils (350), dans lequel N est un entier quelconque
supérieur à deux, le récepteur comportant N bornes
d’entrée (101, 102, 103) et N étages de détection
(D1, D2, D3), le récepteur étant caractérisé par
un noeud commun (120);
chacun des N étages de détection (D1, D2, D3) com-
portant
un élément résistif (R1, R2, R3) couplé entre le
noeud commun (120) et une borne d’entrée respec-
tive des N bornes d’entrée (101, 102, 103), et
un comparateur (C1, C2, C3) ayant une première
entrée (121, 123, 125) couplée à la borne d’entrée
respective des N bornes d’entrée (101, 102, 103) et
une deuxième entrée (122, 124, 126) couplée au
noeud commun (120) ; et
par l’élément résistif (R1, R2, R3) de chacun des
étages de détection (D1, D2, D3) ayant la même
résistance.

2. Récepteur (100) selon la revendication 1, compor-
tant un décodeur (540) couplé à une sortie (131, 132,
133) de chacun des N comparateurs (C1, C2, C3)
et agencé pour déterminer un symbole reçu en fonc-
tion d’un état des N comparateurs (C1, C2, C3).

3. Récepteur (100) selon la revendication 2, dans le-
quel le décodeur (540) comporte une première table
de consultation (544) servant à une mise en corres-
pondance de l’état des comparateurs (C1, C2, C3)
par rapport au symbole reçu.

4. Récepteur (100) selon l’une quelconque des reven-

dications 1 à 3, dans lequel N est l’un parmi : trois,
quatre et cinq.

5. Système de signalisation (500) comportant :

un émetteur (200) agencé pour générer sur cha-
que fil d’une interface à N fils (350) une tension
de signalisation indiquant un bit différent de N
bits devant être émis, dans lequel chacune des
N tensions de signalisation est sélectionnée par-
mi deux valeurs, et
un récepteur (100) selon l’une quelconque des
revendications 1 à 3 ayant ses N bornes d’entrée
(101, 102, 103) couplées à l’interface à N fils
(350).

6. Système de signalisation (500) selon la revendica-
tion 5, comportant un encodeur (510) agencé à des
fins de mise en correspondance d’un symbole par
rapport aux N bits devant être émis.

7. Système de signalisation (500) selon la revendica-
tion 6, dans lequel le codeur (510) comporte une
deuxième table de consultation (514) servant à une
mise en correspondance du symbole par rapport aux
N bits devant être émis.

8. Système de signalisation (500) selon l’une quelcon-
que des revendications 5 à 7, dans lequel N est trois,
et dans lequel deux des trois tensions de signalisa-
tion ont la même valeur et une troisième tension de
signalisation des trois tensions de signalisation a une
valeur différente.

9. Système de signalisation (500) selon l’une quelcon-
que des revendications 5 à 7, dans lequel N est qua-
tre, et dans lequel au moins deux des quatre tensions
de signalisation ont la même valeur et ladite au moins
une autre tension de signalisation des quatre ten-
sions de signalisation a une valeur différente.

10. Système de signalisation (500) selon l’une quelcon-
que des revendications 5 à 7, dans lequel N est cinq,
et dans lequel trois des cinq tensions de signalisation
ont la même valeur et les deux autres tensions de
signalisation des cinq tensions de signalisation ont
une valeur différente.

11. Dispositif de communication sans fil (600) compor-
tant un système de signalisation (500) selon l’une
quelconque des revendications 5 à 10.

12. Procédé de fonctionnement d’un récepteur (100) se-
lon l’une quelconque des revendications 1 à 4, le
procédé comportant :

l’étape consistant à sélectionner (410) N ten-
sions de signalisation, dans lequel chacune des
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tensions de signalisation est sélectionnée parmi
deux valeurs ;
l’étape consistant à transmettre (420) les N ten-
sions de signalisation, respectivement, aux N
bornes d’entrée (101, 102, 103) du récepteur
(100) ; et
l’étape consistant à déterminer (430) un symbo-
le reçu en fonction d’un état des N comparateurs
du récepteur.

13. Procédé selon la revendication 12, dans lequel N est
trois, et dans lequel deux des trois tensions de si-
gnalisation ont la même valeur et une troisième ten-
sion de signalisation des trois tensions de signalisa-
tion a une valeur différente.

14. Procédé selon la revendication 12, dans lequel N est
quatre, dans lequel au moins deux des quatre ten-
sions de signalisation ont la même valeur et ladite
au moins une autre tension de signalisation des qua-
tre tensions de signalisation a une valeur différente.

15. Procédé selon la revendication 12, dans lequel N est
cinq, et dans lequel trois des cinq tensions de signa-
lisation ont la même valeur et les deux autres ten-
sions de signalisation des cinq tensions de signali-
sation ont une valeur différente.
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