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MULTI-CURRENT HARMONIZED PATHS FOR LOW POWER LOCAL
INTERCONNECT NETWORK (LIN) RECEIVER

BACKGROUND

TECHNICAL FIELD

The present disclosure relates to local interconnect networks (LIN) and, particularly,

to local interconnect network receivers.

DESCRIPTION OF THE RELATED ART

The Local Interconnect Network (LIN) is a serial network protocol used for
communicating between components in vehicles. It is defined as a time-triggered, master-
slave network, eliminating the need for arbitration among simultaneously reporting devices.
It is implemented using a single wire communications bus, which reduces wiring and harness

requirements and thus helps save weight, space and cost.

Defined specifically for low-cost implementation of vehicle sub-network applications
by the LIN Consortium, the LIN protocol achieves significant cost reduction since it is fairly
simple and operates via an asynchronous serial interface (UART/SCI), and the slave nodes
are self-synchronizing and can use an on-chip RC oscillator instead of crystals or ceramic

resonators.

In order to maintain total current consumption in a LIN network at acceptable levels,
increasing the number of slave nodes in a LIN network requires lower and lower current

consumption for each of the nodes.

LIN network operational modes include an active mode with full receiving and
transmitting capability; a silent (low-power) mode, in which full receiving capability, but no
transmitting capability, is provided; and a sleep (power-down) mode, in which only waking-
up capability is enabled. Current consumption in silent mode is about 50 microamps, while
that in sleep mode is about 5 — 10 microamps. Thus, a consumer needing only receiving

capability has to operate in silent mode, consuming 50 microamps.
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Usually, the silent mode and the sleep mode functionality are implemented using

distinct dedicated blocs in a given integrated circuit.

In particular, LIN bus signaling thresholds for “dominant” (logic low) and “recessive”
(logic high) levels are centered on half the battery voltage (Vbat/2), with a 0.1Vbat hysteresis
typically required. That is, the recessive-to-dominant threshold is approximately 0.45*Vbat,
while the dominant-to-recessive threshold is approximately 0.55*Vbat. Consequently, a
window comparator is required to identify bus signals. However, Vbat can range from 6-30
V, which requires wide common mode range compliance for a window comparator. That is,
Vbat/2 (and the LIN signal) voltages can dramatically exceed the input voltage range of a
window comparator during voltage modes (i.e., silent and operational). As a consequence,
matched voltage dividers are commonly used to generate matched fractions of the Vbat/2 and

LIN voltages that stay within the input voltage range of the window comparator.

Because significant overhead (a voltage regulator, external bias, etc.) around the
voltage mode window comparator is required, overall current consumption of the LIN
receiver in voltage mode exceeds requirements during sleep mode. Thus, the voltage mode

LIN receiver comparator cannot be used as the wake circuit comparator.

In order to save power during sleep mode, the wake circuit comparator typically
compares the LIN bus voltage to a transistor Vt (threshold voltage) or a sum of transistors Vt.
This results in a very simple and low-power circuit, but on the other hand, it requires as well
a constant detection level, in the range of 3.5-4V, rather than the standard half battery voltage

Vbat/2. Thus the wake circuit cannot be used for receiving bus data.

SUMMARY

These and other drawbacks in the prior art are overcome in large part by a system and

method according to embodiments of the present invention.

A LIN receiver in accordance with some embodiments includes a single, low power
structure for both sleep and silent modes, with a single comparator for detecting LIN

signaling during both sleep and silent modes as well as during active mode. In some
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embodiments, full receiving capability is implemented with a current lower than 10
microamps, and as low as 5 microamps. In particular, dominant and recessive levels for this
receiver, when used as the wakeup bloc, are identical to those of standard LIN levels, half the
battery voltage (Vbat/2), rather than fixed at about 3.5-4V for the basic wake receiver.

Consequently, full LIN receiving capability is available during sleep mode.

A local interconnect network receiver, in accordance with embodiments includes a
battery voltage input; an input from a local interconnect network (LIN) bus; and a current
mirror configured to mirror a current defined by a reference resistor coupled to the battery
voltage input in a sense resistor, such that a voltage at an output point of the sense resistor
defines dominant and recessive states of the LIN bus in silent and sleep modes. A local
interconnect network (LIN) receiver in accordance with embodiments includes a common
circuit configured to detect dominant and recessive states of a LIN bus during active, silent
and sleep modes. In some embodiments, the common circuit includes a current mirror
configured to mirror a current defined by a reference resistor coupled to a battery voltage
input in a sense resistor, such that a voltage at an output point of the sense resistor defines

dominant and recessive states of the LIN bus.

A method, according to embodiments includes operating a local interconnect network
(LIN) receiver in a sleep mode; operating the LIN receiver in a silent mode; wherein
operating in the sleep mode and operating in the silent/active modes comprise detecting
dominant and recessive states of a LIN bus using a common circuit. In some embodiments,
the common circuit includes a current mirror configured to mirror a current defined by a
reference resistor coupled to a battery voltage input in a sense resistor, such that a voltage at

an output point of the sense resistor defines dominant and recessive states of the LIN bus.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its numerous objects, features,

and advantages made apparent to those skilled in the art by referencing the accompanying

drawings. The use of the same reference symbols in different drawings indicates similar or

identical items.

FIG. 1 is a diagram illustrating exemplary circuit operation.
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FIG. 2A - FIG. 2C are diagrams illustrating exemplary receivers according to various

embodiments.

FIG. 3 is a diagram illustrating an exemplary receiver according to embodiments.

FIG. 4 is a diagram illustrating an exemplary supply and comparator circuit according

to embodiments.

FIG. 5 is a diagram illustrating an exemplary receiver according to embodiments.

FIG. 6 is a diagram illustrating an exemplary receiver according to embodiments.

FIG. 7 is a diagram illustrating an exemplary circuit according to embodiments.

DETAILED DESCRIPTION

The disclosure and various features and advantageous details thereof are explained
more fully with reference to the exemplary, and therefore non-limiting, embodiments
illustrated in the accompanying drawings and detailed in the following description.
Descriptions of known programming techniques, computer software, hardware, operating
platforms and protocols may be omitted so as not to unnecessarily obscure the disclosure in
detail. It should be understood, however, that the detailed description and the specific
examples, while indicating the preferred embodiments, are given by way of illustration only
and not by way of limitation. Various substitutions, modifications, additions and/or
rearrangements within the spirit and/or scope of the underlying inventive concept will

become apparent to those skilled in the art from this disclosure.

39 4L 3 N 1"nong

As used herein, the terms “comprises,” “comprising,” "includes," "including," "has,"
"having," or any other variation thereof, are intended to cover a non-exclusive inclusion. For
example, a process, product, article, or apparatus that comprises a list of elements is not
necessarily limited only those elements but may include other elements not expressly listed or
inherent to such process, process, article, or apparatus. Further, unless expressly stated to the

contrary, "or" refers to an inclusive or and not to an exclusive or. For example, a condition A

or B is satisfied by any one of the following: A is true (or present) and B is false (or not
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present), A is false (or not present) and B is true (or present), and both A and B are true (or

present).

Additionally, any examples or illustrations given herein are not to be regarded in any
way as restrictions on, limits to, or express definitions of, any term or terms with which they
are utilized. Instead these examples or illustrations are to be regarded as being described with
respect to one particular embodiment and as illustrative only. Those of ordinary skill in the
art will appreciate that any term or terms with which these examples or illustrations are
utilized encompass other embodiments as well as implementations and adaptations thereof
which may or may not be given therewith or elsewhere in the specification and all such
embodiments are intended to be included within the scope of that term or terms. Language
designating such non-limiting examples and illustrations includes, but is not limited to: “for

b AN1Y AR

example,” “’for instance,” “e.g.,” “in one embodiment,” and the like.

As noted above, typical LIN receiving circuits require separate circuitry for
silent/active modes and sleep mode signal detection/functionality. As will be discussed in
greater detail below, a LIN receiver in accordance with some embodiments includes a single,
low power structure for both sleep and silent/active modes. In particular, dominant and
recessive levels for the wakeup bloc are identical to those of standard LIN levels, fixed at half
the battery voltage (Vbat/2). Consequently, full LIN receiving capability is available during
sleep mode. That is, a single circuit is provided that meets all LIN requirements for sleep and

silent/active mode operation in a compact structure.

Turning now to FIG. 1, a diagram illustrating operation of an embodiment of a LIN
receiver input circuit 100 is shown. As will be explained in greater detail below, hysteresis is
implemented through the mirroring ratio. A reference resistor R0 is coupled between Vbat
and Ground (GND). A sense resistor R1 having half the value of the reference resistor (R0/2)
is coupled to Vlin. The current in the reference resistor Vbat/R0. This current is mirrored in
the sense resistor, inducing a voltage drop of Vbat/2. The voltage at the cold point of the

sense resistor (Vrxd) is measured.

According to the LIN specification, when Vlin is greater than Vbat/2, the LIN bus is

recessive, whereas if it is less than Vbat/2, it is dominant. Since Vrxd = Vlin — Vbat/2, when
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Vrxd is positive, the LIN bus is recessive, while when Vrxd is negative, the LIN bus is

dominant,.

A simplified diagram of an exemplary receiver 200 in accordance with embodiments
is shown in FIG. 2A. More particularly, the circuit includes a current mirror input 100a,
similar to that of FIG. 1, a lowpass filter 204, and a digital output buffer 202. The current
mirror circuit 100a includes a gain compensation diode-connected MOS MO coupled between
the reference resistor RO and Vbat. Since the voltage across each of the diode-connected
MOSFETs M0, M1 is Vt, the voltage across RO is Vbat — 2 Vt, and the current is (Vbat —
2Vt)/R0O. The voltage drop across the sense resistor R1 is then Vbat/2 — Vt. The sense
resistor R1’s cold point RX is driven through the mirror output and is connected to the input
of the lowpass filter 204. The digital output buffer 202 is supplied by a digital voltage equal
to 2 Vt, as will be discussed in greater detail below. Its input threshold is therefore Vt. Thus,
when Vlin is greater than Vbat/2, Vrx is greater than Vt and Rxd = 1 (recessive). When Vlin
is less than Vbat/2, Vrx is less than Vt, and Rxd = 0 (dominant).

An x*Vbat hysteresis can be achieved by changing the fixed mirroring ratio of the
current mirror to a RX level dependent ratio as shown in FIG. 2B. The M2 transistor of FIG.
2A is split into two transistors M20 and M21 providing, respectively, a mirroring ratio of (1-
x) and 2x, and a switch M22 is added in series with M21. The switch M22 is driven through
an inverter 206 that is controlled by the RX output rxd.

When RX output is recessive (high) the output of inverter 206 is low and the M22
switch is off. The voltage drop on R1 is thus (1-x) of its nominal value and the threshold is
changed to (1-x)*Vbat/2 + x*Vt, i.e., approximately (1-x)*Vbat/2 since Vt is small
compared to Vbat. As soon as Lbus (LIN) falls below the (1-x)*Vbat/2, the RX output
becomes low, the output of the inverter 206 goes high and M22 is turned “on”. The threshold
is thus changed to (1+x)*Vbat/2 + x*Vt, i.c., approximately (1+x)*Vbat/2 since Vt is small
compared to Vbat. This creates the x*Vbat hysteresis. In order to create the typical 10% Vbat
hysteresis, x is thus set to 0.1. That is, the recessive-to-dominant threshold is approximately

0.45*Vbat, while the dominant-to-recessive threshold is approximately 0.55*Vbat,
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It is noted that, while a particular low pass filtering technique has been illustrated
(low pass filter 204), many low pass filtering techniques may be employed. For example,
active filtering as shown in FIG.2C may be employed. In the example receiver 203
illustrated, the cold point of low pass filtering capacitor C2 (FIG. 2A) is connected to the z
output of buffer 202. In other embodiments, the C1 cold point could be connected to z output

of buffer 202 instead. Other configurations are possible.

Another example of a receiver circuit in accordance with embodiments is shown with
reference to FIG. 3. In particular, the circuit 300 illustrates digital output buffer 202 in
greater detail. Generally similar to the circuit 200 of FIG. 2A, the circuit 300 includes a
transistor M3 which supplies a current Ibias to supply 304, which generates the 2 Vt bias
voltage Dvdd. The comparator 302 receives the output RX LP of the lowpass filter 204 and
has a threshold of Vt.

The Vdd supply and comparator is shown in greater detail in FIG. 4. As shown, the
supply 304 includes transistors PO and N1-N4 while the comparator includes transistors PS5,
P7, N6, and N8. The Vdd receives input current Ibias at transistor N2 and battery voltage
Vhbat at transistor N3. The PO and N1 transistors generate the 2 Vt bias voltage corresponding
to Vt across the MO transistor of FIGS. 2A-2C and 3. N3 provides a buffered copy of this
voltage at its source. N2 provides the gate voltage of N3, while N4 that mirrors the N1
current provides the required bias current Ibias for N3. The P5-N6 and P7-N§ transistors
operate as two inverters in series operating as a comparator having a threshold of Vt (1/2 * 2
Vt). The output node of P5-N6 inverter may be used as the inverted output zn for driving the
hysteresis monitoring switch M22 (FIG. 2B).

The above-described embodiments provide a simple and efficient way for detecting
the bus level (recessive or dominant). However, it may additionally be necessary to consider
the voltage swing at node RX. With the structure described in FIGS. 2A-2C and FIG. 3, the
voltage at nodes RX and RX LP (FIG. 3) will range from close to zero (gnd) during a
dominant bus level up to close to Vbat/2 during a recessive level on the bus. This may exceed
the safe input operating range of the digital buffer 202 that in many applications use low

voltage (LV) devices. Therefore, some embodiments provide a clamping network at node
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RX. A receiver circuit according to embodiments implementing an exemplary clamp is

shown in FIG. 5. It is noted that other clamping networks may be provided.

As shown in FIG. 5, an M4 PMOS device having its drain connected to ground, its
gate connected to Dvdd supply (=2Vt), and its source connected to RX, is used. With M4, the
voltage on node RX is now limited to 3Vt on the positive side, and it is limited to —Uj (where
Uj is a junction voltage) on the negative side. With M4, the maximum swing range of node
RX is thus restricted to (+3Vt,-Uj) range. Since the Vt voltage is almost equal to Uj in many
implementations, this range can be rewritten as (+3Vt,-Vt). Thus, this range is almost
centered on the receiver threshold that is equal to Vt. As shown, the clamping induces a
symmetrical behavior versus the receiver threshold and thus prevents strong degradation of
the receiver characteristics when HF interferences are superimposed to the original bus
signal. However, a slight degradation may remain. Therefore, pre-filtering may be needed. A
simple way for achieving this pre-filtering is shown in the receiver 205 of FIG. 5. The
resistor R1 = Rref/2 is now split into three series elements (R10, R11 and R12) of Rref/6,
keeping its total value equal to Rref/2. In addition, two capacitors C3 and C4 are connected

to the created intermediate points in order to implement this pre-filtering function.

It is noted that in the above descriptions, the current mirror ratio without hysteresis
was set to 1 (Isense=Iref) and Rsense/Rref ratio was set to %. That is, Rsense*Isense is equal
to 0.5* Rref*Iref in order to have the voltage drop across the sense resistor equal to half the
voltage across the reference resistance. Therefore, any current mirror Isense/Iref ratio may be
used. The only condition to fulfill is having Rref/Rsense = 2 * Isense/Iref (or Isense/Iref = 0.5

* Rref/Rsense) , where Isense/Iref is the mirroring ratio without hysteresis..

High voltage (HV) capacitors may be required for the pre-filtering network. Usually
HYV capacitors have poor sheet capacitance and may require significantly larger layout area
than Rsense (R10+R11+R12) area for meeting the required RC time constant of the pre-
filtering network. Therefore, in some implementations, the Rsense value and HV capacitor
value are determined based on which values will provide the smallest overall layout area for
the pre-filtering section. The current mirror gain (G) may then be determined using the

following equation: G = Isense/Iref = 0.5* Rref/Rsense (without hysteresis).
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FIG. 6 shows a schematic of a simple very low power LIN receiver 600 based on

various of the techniques described above.

It is noted that the high level of rxd signal available at the output of this receiver is
equal to 2Vt, which may be a too low level to be processed by the rest of the whole
transceiver circuitry (not shown). Therefore in many applications it will be applied to a level-
shifter that will convert it up to the required level for processing by the rest of the transceiver
circuitry. Techniques for level-shifting up signals are well known and thus are not described

here.

In some embodiments, rather than a clamp, a dual mirror current mode approach can
be used. Such a circuit is shown in FIG. 7. The sensing Vbat section based on compensating
diode MPO, reference resistor R0, and reference current mirror MNO, MN1 is unchanged.
However the sense resistor R1 is now connected to the input of a LIN MN3, MN2 mirror.
The MNI output reference current is mirrored in a MP1, MP2 mirror and summed with LIN
current mirror output (MN2 output current), creating a current comparator. The current
comparator has an inverted output. Thus inverter invl is provided to restore the correct
polarity of the Rxd received signal. In the embodiment illustrated, all current mirror ratios
are assumed to be 1 and MP1/MP2 current mirror is supplied by the digital Dvdd supply
voltage, but any other supply voltage may be used.

In operation, when the LIN bus voltage is greater than Vbat/2 (recessive), the current
in the sense resistor R1 is greater than the current in the reference resistor RO. The MN2
current is thus larger than the MP2 current and the Rxn node is low. Once inverted, the Rxd
output is high reflecting a recessive level on the LIN bus. When the LIN bus voltage is less
than Vbat/2 (dominant) the LIN sense current is lower than the reference current. The MN2
current is thus lower than the MP2 current and Rxn node is high. Once inverted, the Rxd
output is high reflecting a dominant level on the bus. With this approach, battery and bus
voltage info may be provided through additional MN4 and MNS5 transistors (dashed).

As noted above, in the embodiment of FIG. 7, the mirrors ratios without hysteresis

may be set to 1 for simplicity. In some embodiments, they can differ from 1. Without

hysteresis, the rule to apply is Gain(MN2/MN3) = 2*R1/RO * Gain(MN1/MNO) *
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Gain(MP2/MP1) in order to have the voltage drop across the sense resistor R1 equal to half

the voltage across the reference resistance RO .

Although the foregoing specification describes specific embodiments, numerous
changes in the details of the embodiments disclosed herein and additional embodiments will
be apparent to, and may be made by, persons of ordinary skill in the art having reference to
this description. In this context, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to be
included within the scope of this disclosure. Accordingly, the scope of the present disclosure

should be determined by the following claims and their legal equivalents.
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11
CLAIMS
WHATIS CLAIMEDIS:
1. A local interconnect network receiver, comprising:

a battery voltage input;
an input from a local interconnect network (LIN) bus; and

a current mirror configured to mirror a current defined by a reference resistor

coupled to the battery voltage input in a sense resistance, such that a voltage at an output

point of the sense resistance defines dominant and recessive states of the LIN bus in active,

silent and sleep modes.

2.

The local interconnect network receiver of claim 1, including a diode

connected between the battery voltage input and the reference resistor.

The local interconnect network receiver of claim 1, wherein the sense

resistance has half a value of the reference resistor.

The local interconnect network receiver of claim 2, including a lowpass filter

coupled at the output point of the sense resistance.

The local interconnect network receiver of claim 3, wherein the sense

resistance comprises a single resistor.

The local interconnect network receiver of claim 3, wherein the sense

resistance comprises a plurality of resistors.

The local interconnect network receiver of claim 6, further including a

plurality of capacitors at intermediate points between the resistors.

The local interconnect network receiver of claim 4, further including circuitry

for compensating for voltage swing at an input of the lowpass filter.

The local interconnect network receiver of claim 8, wherein the circuitry for

compensating for voltage swing comprises a clamping network.
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10.

11.

12.

13.

14.

15.

16.

17.

12

The local interconnect network receiver of claim 8, wherein the circuitry for

compensating for voltage swing comprises dual mirror common mode circuitry.

The local interconnect network receiver of claim 4, including an output buffer
coupled to the lowpass filter and having a input threshold corresponding to a voltage

drop across the diode.

The local interconnect network receiver of claim 11, wherein the diode is a

diode-connected MOS transistor.

The local interconnect network receiver of claim 1, wherein power

consumption is substantially similar at both sleep and silent modes.

The local interconnect network receiver of claim 1, the current mirror

implementing hysteresis by switchably selecting differing mirroring ratios.

A local interconnect network (LIN) receiver, comprising:

a common circuit configured to detect dominant and recessive states of a LIN

bus during active, silent and sleep modes.

A LIN receiver in accordance with claim 15, wherein the common circuit
includes a current mirror configured to mirror a current defined by a reference
resistance coupled to a battery voltage input in a sense resistor, such that a voltage at
an output point of the sense resistance defines dominant and recessive states of the

LIN bus.

The local interconnect network receiver of claim 16, including a diode

connected between the battery voltage input and the reference resistance.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

13

The local interconnect network receiver of claim 17, wherein the mirroring
ratio and the ratio between the reference and the sense resistor are sized in such a way
that the voltage drop across the sense resistance is half the voltage drop across the

reference resistance.

The local interconnect network receiver of claim 18, including a lowpass filter

coupled at the output point of the sense resistance.

The local interconnect network receiver of claim 18, wherein the sense

resistance comprises a single resistor.

The local interconnect network receiver of claim 18, wherein the sense

resistance comprises a plurality of resistors.

The local interconnect network receiver of claim 21, further including a

plurality of capacitors at intermediate points between the resistors.

The local interconnect network receiver of claim 19, further including

circuitry for compensating for voltage swing at an input of the lowpass filter.

The local interconnect network receiver of claim 23, wherein the circuitry for

compensating for voltage swing comprises a clamping network.

The local interconnect network receiver of claim 23, wherein the circuitry for

compensating for voltage swing comprises dual mirror common mode circuitry.

The local interconnect network receiver of claim 19, including an output
buffer coupled to the lowpass filter and having a input threshold corresponding to a

voltage drop across the diode.

The local interconnect network receiver of claim 26, wherein the diode is a

diode-connected MOS transistor.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

14

The local interconnect network receiver of claim 16, wherein power

consumption is substantially similar at both sleep and silent modes.

The local interconnect network receiver of claim 16, wherein current

consumption during sleep mode is proportional to a battery voltage.

The local interconnect network receiver of claim 16, the current mirror

implementing hysteresis by switchably selecting differing mirroring ratios.

A method, comprising:

operating a local interconnect network (LIN) receiver in a sleep mode;

operating the LIN receiver in a silent mode;

operating the LIN receiver in an active mode;

wherein operating in the sleep mode and operating in the silent and active
modes comprise detecting dominant and recessive states of a LIN bus using a

common circuit.

The method of claim 31, wherein the common circuit includes a current mirror
configured to mirror a current defined by a reference resistance coupled to a battery
voltage input in a sense resistance, such that a voltage at an output point of the sense

resistance defines dominant and recessive states of the LIN bus.

The method of claim 32, including a diode connected between the battery

voltage input and a reference resistance.

The method of claim 33, wherein the mirroring ratio and the ratio between the
reference and the sense resistor are sized in such a way that the voltage drop across
the sense resistance is half the voltage drop across the reference resistance.

The method of claim 33, including a lowpass filter coupled at the output point

of the sense resistance.

The method of claim 34, wherein the sense resistance comprises a single

resistor.
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The method of claim 34, wherein the sense resistance comprises a plurality of
resistors.
The method of claim 37, further including a plurality of capacitors at

intermediate points between the resistors.

The method of claim 35, further including circuitry for compensating for

voltage swing at an input of the lowpass filter.

The method of claim 39, wherein the circuitry for compensating for voltage

swing comprises a clamping network.

The method of claim 39, wherein the circuitry for compensating for voltage

swing comprises dual mirror common mode circuitry.

The method of claim 35, including an output buffer coupled to the lowpass

filter and having a input threshold corresponding to a voltage drop across the diode.

The method of claim 33, wherein the diode is a diode-connected MOS
transistor.
The method of claim 32, wherein power consumption is substantially similar

at both sleep and silent modes.

The method of claim 32, wherein current consumption during sleep mode is

proportional to a battery voltage.

The method of claim 32, the current mirror implementing hysteresis by

switchably selecting differing mirroring ratios.
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