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(54) Control device for a linear oxygen sensor
(57)  Control device (1) for a linear oxygen sensor
(2) located in the exhaust pipe (3) of an internal com-
bustion engine (4), the sensor (2) having a diffusion
chamber (13) capable of receiving part of the exhaust
gases, a first (11) and a second (12) electrolytic cell, the
first of which is controllable with respect to current, and
a reference chamber (14) capable of containing a spec-
ified percentage of oxygen; the sensor (2) can be one
of two different types (2a, 2b), according to whether the
oxygen in the reference chamber (14) is fed in through
a connection to the atmosphere or is generated by po-
larization of the second cell (12); the device (1) having
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an operating unit (10) and a controller (8) interacting with
the operating unit (10) to regulate the current (Ip) sent
to the first cell (11) according to the instantaneous dif-
ference between the percentage of oxygen present in
the diffusion chamber (13) and that present in the refer-
ence chamber (14); the controller (8) being provided
with a polarization circuit (31) which can be activated
selectively to polarize the second cell (12) and to gen-
erate oxygen in the reference chamber (14); and the op-
erating unit (10) having a serial line (20) for operating
and programming the controller (8) by means of which
it can match the controller (8) to the type (2a, 2b) of sen-
sor connected.
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Description

[0001] The present invention relates to a control de-
vice for a linear oxygen sensor.

[0002] In particular, the present invention relates to a
control device for a linear oxygen sensor known as a
"UEGO" sensor (Universal Exhaust Gas Oxygen sen-
sor), to which the following description will make explicit
reference without thereby losing its general applicability.
[0003] The presentinvention is advantageously appli-
cable in the field of motor vehicle manufacturing, in
which there is a known use of a UEGO sensor located
in the exhaust pipe of an internal combustion engine to
obtain information on the composition of the exhaust
gases.

[0004] The UEGO sensor has two electrolytic cells
sensitive to oxygen ions, called respectively the "pump-
ing cell Ip" and the "sensing cell Vs", and a diffusion
chamber located between these cells and capable of re-
ceiving part of the combustion gases leaving the engine.
The UEGO sensor also has a reference chamber which
is capable of containing a specified percentage of oxy-
gen, namely, for example, a percentage of oxygen equal
to that which the exhaust gases would have if the air/
fuel ratio of the mixture supplied to the engine were sto-
ichiometric. Alternatively, the reference chamber could
contain a percentage of oxygen equal to that contained
in the atmosphere.

[0005] The UEGO sensor requires the use of a con-
troller, which is connected to the sensor by means of a
connector, and is capable of controlling the current to
the pumping cell Ip to exert a feedback control action on
the sensor. In particular, the controller, on the basis of
the difference between the percentage of oxygen
present in the exhaust gases inside the diffusion cham-
ber and the percentage of oxygen present in the refer-
ence chamber, regulates the current supplied to the
pumping cell Ip in order to generate a mechanism for
draining oxygen ions from the diffusion chamber to the
external environment (or vice versa). This draining
mechanism has the function of modifying the percent-
age of oxygen present in the diffusion chamber in such
a way that the ratio between the percentages of oxygen
in the diffusion chamber and in the reference chamber
takes a specified value. This means that this draining
mechanism has the role of adjusting the percentage of
oxygen in the diffusion chamber to a specified value, in
order, for example, to maintain the diffusion chamber in
a state of stoichiometry.

[0006] The intensity of the control action, in other
words the strength of the current supplied to the pump-
ing cell Ip to maintain the stoichiometry in the diffusion
chamber, is the information according to which the con-
troller generates an output signal representing the ratio
of the exhaust gases leaving the engine. This output sig-
nal, as is known, is used by the engine control unit, for
example in order to correct the quantity of fuel to be sup-
plied to the cylinders.
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[0007] Two types of UEGO sensors are at present
available on the market, and differ principally in the way
in which the quantity of oxygen desired in the reference
chamber is generated. In particular, one of the two types
of UEGO sensor receives oxygen in the reference
chamber directly from the external environment through
the electrical cables which connect it to the connector,
while the other type of UEGO sensor generates the ox-
ygen itself in the reference chamber. This is done by
making a polarization circuit of the corresponding con-
troller send a polarization current to the sensing cell Vs,
to generate a mechanism for draining oxygen from the
exhaust gases in the diffusion chamber to the reference
chamber.

[0008] In the present state of the art, both types of
sensor have to be controlled by corresponding dedicat-
ed controllers, each of which has the limitation of not
being capable of controlling a type of sensor different
from that with which it is associated. This is because
each of the two types of controller is physically con-
structed in such a way that it can only be connected to
the type of sensor associated with it.

[0009] Moreover, each of the two types of control de-
vice has a drawback associated with the precision of the
output signal.

[0010] This is because each controller of the known
type has to be connected to a compensating resistance
capable of compensating any losses of the current sup-
plied to the pumping cell Ip, before the controller is in-
stalled in the vehicle. This compensating resistance,
whose nominal value is indicated by the manufacturer
of the sensor on completion of manufacture, is connect-
ed between two terminals of the connector, and, by in-
teracting with the controller, intervenes actively in the
generation of the output signal. In particular, the two ter-
minals between which the compensating resistance is
connected differ according to the type of sensor which
is to be connected.

[0011] Unfortunately, the compensating resistance,
being located in the engine compartment, is subjected
to intense thermal stresses during the operation of the
engine. Consequently, as the engine temperature varies
and/or as a result of oxidation due to atmospheric
agents, the compensating resistance may come to have
values in relation to the controller which differ from the
nominal value which ensures correct compensation.
This means that the losses of driving current are not ad-
equately compensated and the signal at the output of
the controller does not accurately indicate the composi-
tion of the exhaust gases.

[0012] The object of the presentinvention is to provide
a control device for a linear oxygen sensor, particularly
a UEGO sensor, which overcomes the limitations of the
known controllers, or in other words is capable of con-
trolling both of the types of sensor mentioned above.
[0013] According to the present invention, a control
device is provided for a linear oxygen sensor capable of
being located in an exhaust pipe of an internal combus-
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tion engine, the control device comprising a controller
of the sensor capable of exerting a control action on the
sensor to generate at the output a signal representing
the ratio of the exhaust gases; the sensor comprising at
least one reference chamber capable of receiving a
specified percentage of oxygen, and being one of at
least two types which differ in the way in which the ref-
erence chamber receives the oxygen; and the control
device being characterized in that the controller com-
prises programmable control means and in that it com-
prises an operating unit capable of operating and pro-
gramming the said control means to match the controller
to the type of sensor to which it is connected.

[0014] Conveniently, the control device for the sensor,
where the sensor comprises a diffusion chamber capa-
ble of receiving the exhaust gases and a first and a sec-
ond electrolytic cell sensitive to oxygen ions, the first of
these cells being controllable with respect to current, is
characterized in that the said control means comprise a
feedback circuit capable of regulating the current sent
to the first cell in accordance with the difference between
the percentages of oxygen present in the diffusion
chamber and in the reference chamber; the said feed-
back circuit comprising a means of generating the said
output signal in accordance with the current sent to the
first cell; the controller being connected to a compensat-
ing resistance capable of compensating the losses of
the said sent current, and comprising an acquisition cir-
cuit capable of acquiring the value of the compensating
resistance; the operating unit being capable of correct-
ing the output signal of the controller in accordance with
the acquired value of the compensating resistance, to
generate a corresponding output signal which is truly
representative of the ratio of the exhaust gases and
which is independent of possible changes in the com-
pensating resistance.

[0015] The control device is thus capable of compen-
sating the losses of the driving current, by always using
the acquired value of the compensating resistance. This
ensures the generation of an output signal which is truly
representative of the ratio of the exhaust gases and is
independent of possible changes in the compensating
resistance.

[0016] The present invention will now be described
with reference to the attached drawings, which illustrate
a non-restrictive example of its embodiment in which

- Figure 1 shows schematically a device for control-
ling a UEGO sensor, made according to the princi-
ples of the present invention;

- Figures 2a and 2b show schematically correspond-
ing types of UEGO sensors used at present in in-
ternal combustion engines;

- Figure 3is a functional diagram of a controller form-
ing part of the device shown in Figure 1;

- Figure 4 shows a first functional unit forming part of
the controller in Figure 3;

- Figure 5 shows schematically a second functional
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unit forming part of the controller;

- Figure 6 shows schematically three functional units
forming part of the controller;

- Figure 7 shows the graph of two possible output
characteristics of the controller;

- Figure 8 shows a diagram of a sixth functional unit
of the controller; and

- Figure 9 shows a diagram of a seventh functional
unit of the controller.

[0017] With reference to Figure 1, the number 1 indi-
cates, as a whole, a control device for a UEGO sensor
2 of a known type, which can be located in the exhaust
pipe 3 of an internal combustion engine 4 to supply in-
formation on the stoichiometric composition of the com-
bustion gases, and ultimately on the A/F (air/fuel) ratio
of the mixture supplied to the engine 4.

[0018] In the illustrated example, the sensor 2 is lo-
cated before a catalytic converter 5 capable of eliminat-
ing the polluting substances present in the combustion
gases before they are emitted into the environment. In
a variant which is not illustrated, the sensor 2 could be
fitted after the catalytic converter 5 to supply information
on the stoichiometric composition of the exhaust gases
leaving the catalytic converter 4.

[0019] The control device 1 comprises a control unit
7 (shown schematically), which is responsible for the
overall control of the engine 4.

[0020] The electronic control unit 7 comprises a con-
troller 8 of the sensor 2 which is connected to the sensor
2 by a connector 9. As is specified more clearly below,
the controller 8 is capable of controlling the sensor 2,
and is capable of processing the information obtained
from the sensor to generate at the output a signal DIP
correlated with the quantity of oxygen present in the ex-
haust gases and, ultimately, with the A/F ratio.

[0021] The control unit 7 also comprises an operating
and processing unit 10, which has the double function
of operating and programming the controller 8 and
processing the information from the output of the con-
troller 8. In particular, the unit 10 is a microprocessor
unit capable of processing the DIP output signal of the
controller 8 to generate a signal Vout, which is propor-
tional to the quantity of oxygen present in these gases,
and is converted, in a known way, by the control unit into
a parameter A indicating the ratio of the exhaust gases.
[0022] According tothe presentinvention, the control-
ler 8 (described below) has the distinctive characteristic
of being capable of controlling UEGO sensors of differ-
ent types. At the present time, motor vehicles are fitted
with two types of UEGO sensor, which are illustrated
schematically in Figures 2a and 2b and which, while
they have many elements in common, differ in respect
of some structural elements.

[0023] The two types of UEGO sensor will be de-
scribed below, using the convention of indicating the first
type of UEGO sensor with the reference 2a (Figure 2a),
indicating the second type of UEGO sensor with the ref-
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erence 2b (Figure 2b), and using common reference
numbers to indicate structural parts common to the two
sensors 2a, 2b.

[0024] With reference to Figures 2a and 2b, each of
the sensors 2a and 2b has two electrolytic cells 11 and
12 sensitive to oxygen ions, called the "pumping cell Ip"
and the "sensing cell Vs" respectively, and a diffusion
chamber 13, which is interposed between the cells 11
and 12, and is capable of receiving the exhaust gases
leaving the engine.

[0025] Each of the sensors 2a and 2b is also provided
with a reference chamber 14, which is placed on the op-
posite side of the diffusion chamber 13 with respect to
the sensing cell 12, and is capable of containing a spec-
ified percentage of oxygen. In particular, the reference
chamber 14 is capable of being brought to a reference
state, in other words, for example, a state of stoichiom-
etry characterized by the presence of a percentage of
oxygen equal to that which the exhaust gases would
have if the A/F ratio of the mixture supplied to the engine
were stoichiometric. Alternatively, the reference state
could be characterized by the presence of a percentage
of oxygen equal to that present in the atmosphere.
[0026] At its terminals, the cell 11 has a pair of elec-
trodes 11a and 11b connected electrically to corre-
sponding terminals 9a, 9b of the connector 9, and also
indicated below by Ip+ and Ip-. The cell 12, on the other
hand, has at its terminals a pair of electrodes 12a and
12b (also indicated below by Vs- and Vs+), of which the
electrode 12a is connected electrically to the electrode
11b of the cell 11, while the electrode 12b is connected
to a terminal 9c of the connector 9.

[0027] Finally, each of the sensors 2a and 2b has a
heating element which can be schematically represent-
ed as a heating resistance 15 connected between two
further terminals 9d and 9e of the connector 9, and can
be controlled in such a way that the sensor is heated to
enable its temperature to be maintained within a speci-
fied range (generally approximately 780°C).

[0028] The sensors 2a and 2b differ primarily in the
way in which the oxygen is generated within the refer-
ence chamber 14. In the case of the sensor 2a, the ref-
erence chamber 14 is directly connected to the external
environment, in other words to the atmosphere, by
means of the connecting cable 16 which connects the
electrode 12b of the sensor to the terminal 9c of the con-
nector 9. The cross section of the connecting cable 16
is not completely occupied by the electrical connection,
and has a free region through which oxygen is directed
into the reference chamber 14.

[0029] Conversely, in the case of the sensor 2b, the
oxygen which is directed into the reference chamber 14
is taken directly from the exhaust gases of the engine.
This is done by sending a polarization current to the
sensing cell 12, to provide a mechanism for draining ox-
ygen ions from the diffusion chamber 13 to the reference
chamber 14, by which mechanism the chamber 14 is
brought into the said reference state.
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[0030] The two sensors 2a and 2b can be controlled
by the controller 8 according to a single operating prin-
ciple, based on the feedback control of the pumping cur-
rent Ip sent to the pumping cell 11.

[0031] This is because, when the sensor is active, a
voltage signal Vd, whose value depends on the differ-
ence between the composition of the exhaust gases in
the diffusion chamber 13 and the reference state of the
reference chamber 14, is present between the terminals
9b and 9c, in other words at the terminals of the sensing
cell 12. The controller 8 exerts a feedback control action
designed to modify the composition of the gases inside
the diffusion chamber 13. In particular, the controller 8
is capable of regulating the current Ip sent to the elec-
trode 11a in accordance with the signal Vd, to establish
a mechanism for draining oxygen ions from the diffusion
chamber 13 to the external environment (and vice ver-
sa) in such a way as to maintain the ratio between the
percentages of oxygen present in the diffusion chamber
13 and reference chamber 14 at a specified value.
[0032] The intensity of the control action, in other
words the strength of the pumping current Ip, is the in-
formation according to which the controller 8 generates
at its output the signal DIP representing the ratio of the
exhaust gases.

[0033] As stated previously, the controller 8 (Figure 1)
can be configured to operate and control both types of
UEGO sensor. In the illustrated embodiment, the con-
troller 8 is connected to the control and processing unit
10 by a serial line 20, through which the controller 8 re-
ceives the information which permits matching to the
type of sensor 2 connected to it. The unit 10 has a serial
output interface 21 through which it sends commands
and data to a serial input interface 22 of the controller 8.
[0034] Additionally, the output data from the controller
8, such as the signal DIP and other analog signals P
(used for diagnosis of the sensor), are supplied to an
analog/digital conversion circuit 23 of the unit 10 so that
they can be converted to digital information which can
be used directly within the microprocessor 24.

[0035] The operating unit 10 is also connected to the
controller 8 by means of control lines in parallel and oth-
er analog signals.

[0036] As is known, the UEGO sensor 2 requires the
use of a compensating resistance 25 (see Figures 2a
and 2b), which is connected between two terminals of
the connector 9, and is capable of compensating any
losses of the pumping current Ip so that the signal Vout
is always representative of the actual ratio of the ex-
haust gases. At the present time, the manufacturers of
the sensor 2a and of the corresponding controller spec-
ify that the compensating resistance 25 is to be connect-
ed between the terminal 9a (Ip+) and a terminal 9f of the
connector 9 (Figure 2a), while the manufacturers of the
sensor 2b and of the corresponding controller specify
that the compensating resistance 25 is to be connected
between the terminal 9d (H+) and the terminal 9f of the
connector 9 (Figure 2b).
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[0037] The nominal value of the compensating resist-
ance 25 is specified on completion of the manufacture
of the sensor 2, following functional verifications con-
ducted to test the efficiency of the sensor.

[0038] Accordingtothe presentinvention, the control-
ler 8 is made in such a way that it can carry out the con-
trol operation both in the case in which the resistance
25 is connected between the terminals 9a and 9f and in
the case in which the resistance 25 is connected be-
tween the terminals 9d and 9f. As will be indicated be-
low, this is because the controller 8 has a circuit for ac-
quiring the value of the compensating resistance 25
which is capable of storing the value of this resistance,
so that the DIP signal correction operations are always
carried out with the same stored value of the resistance,
independently of the real value of the physical resist-
ance, which is known to be subject to thermal and/or
atmospheric stresses capable of changing its nominal
value.

[0039] The controller 8 will now be described in detail
with reference to Figure 3.

[0040] The controller 8 comprises seven functional
units, indicated by the reference numbers 30, 31, 32,
33, 34, 35, 36 and interacting with each other.

[0041] The functional unit 30 is capable of forming an
interface between the controller 8 and the control and
processing unit 10, and, as will be described, acts as an
accessory unit to the other units. This is because the
unit 30 not only supplies the other units with the infor-
mation from the unit 10, but also provides them with
physical values (for example, reference currents) which
will be used within the units themselves.

[0042] The functional unit 31 is a unit which can po-
larize the sensing cell 12 of the sensor 2 in a selective
way if the sensor is of the type shown in Figure 2b, in
other words if the cell has to be polarized for self-gen-
eration of the oxygen in the reference chamber 14. In
other words, depending on the type of sensor 2 which
is connected to the controller 8, the unit 10, through the
serial line 20, causes the unit 31 to polarize the cell 12
(sensor 2b), or keeps the polarization of the cell 12 dis-
abled (sensor 2a).

[0043] The unit 32 is a control unit for the sensing cell
12 of the sensor 2, and is capable of processing the sig-
nal Vd at the terminals of the cell 12 to execute the said
feedback control action, and to supply at the output a
control parameter VAD which identifies the pumping
current Ip to be sent to the pumping cell 11.

[0044] The unit 33 is capable of forming an interface
with the pumping cell 11, and in particular is capable of
controlling the current Ip according to the result of the
processing operation carried out by the control unit 32.
[0045] The unit 34 is capable of generating the output
signal DIP according to the result of the processing op-
eration carried out by the control unit 32, and therefore,
ultimately, according to the current strength required to
maintain stoichiometry in the diffusion chamber 13. In
other words, this unit 34 is capable of carrying out a kind
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of measurement of the pumping current Ip to supply the
signal DIP at the output, and, as will be shown subse-
quently, is capable of being configured by the unit 10 in
such a way that the signal DIP represents the ratio of
the exhaust gases in a programmable and modifiable
range of values. This means that the controller 8 gener-
ates an output signal DIP which, in a specified voltage
range (e.g. 0-5 volts), can represent the variations of the
ratio at discharge relative to a range of amplitude which
is also programmable according to the requirements in
terms of resolution.

[0046] The unit 35 is a unit capable of measuring the
internal resistance RPVS of the sensing cell 12, the val-
ue of this internal resistance RPVS being indicative of
the temperature of the sensor and being used to control
the heating element of the sensor 2, in other words to
regulate the current sent to the heating resistance 15
(Figures 2a, 2b).

[0047] Finally, the unit 36 is capable of executing the
said operation of acquiring the value of the compensat-
ing resistance 25 which must be connected between the
two terminals of the connector 9 (see Figures 2a and
2b). In other words, this unit 36 is capable of enabling
the operating unit 10 to sample and store the value of
the compensating resistance 25 in such a way that the
unit 10 can always correct the signal DIP with the same
parameter, thus compensating for the said losses of the
driving current Ip of the cell 11. This acquisition takes
place independently of the configuration of the connec-
tion of the compensating resistance 25 to the connector
9 (see Figures 2a and 2b).

[0048] The units 30, 31, 32, 33, 34, 35, 36 forming the
controller 8 will now be described in detail with reference
to Figures 4 to 9.

[0049] The unit 30 (Figure 4) has a power supply cir-
cuit 40 of a known type, which interacts with the oper-
ating unit 10 to receive a plurality of signals (e.g. battery
voltage, voltage stabilized at 5 volts, and earths), and
which is capable of supplying the power supply voltages
and the earth references for the other units 31 to 36.
[0050] The unit 30 has an oscillating circuit 41 of a
known type, capable of supplying at its output a clock
signal BT which is used by the units which have to carry
out time-based measurement or synchronization (for
example, the said unit 34 for measuring the internal re-
sistance RPVS of the cell 12).

[0051] The unit 30 is also provided with a current gen-
erator circuit 42 (of a known type), which is capable of
generating a stable and precise reference current IREF,
and which has the function of making it available to the
other units to enable them to carry out the operations
associated with them.

[0052] Finally, the unit 30 has two further circuits, in-
dicated by the reference numbers 43 and 44, of which
the circuit 43 forms the serial interface 22 of the control-
ler 8, and is capable of converting the codes received
from the microprocessor 24 into signals SPI for operat-
ing and programming the other units 31 to 36. The circuit
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44 is a selector circuit which, in this specific case, con-
sists of a multiplexer having at least six inputs, selection
inputs formed by the signals SPI from the unit 10, and
an output O-Mux connected to the unit 10. In particular,
the six inputs of the multiplexer receive the following sig-
nals: the voltage Vs+ of the cell 12, the voltage Vs- of
the cell 12, the current Ip+ supplied to the cell 11, the
voltage DVS at the terminals of the sensing cell 12, and
two signals RCOMP and RCOMPDIFF (the nature of
which is clearly described below) indicating the value of
the compensating resistance 25 in cases in which the
controller 8 is connected to the sensor 2b or to the sen-
sor 2a.

[0053] The multiplexer 44 is capable of transferring
the selected input to the O-Mux output, according to the
requests sent by the unit 10 by means of the signals
SPI, in such a way as to supply it to the operating unit
10 and to make it possible to carry out diagnostic oper-
ations relating to the functional state of the sensor 2 and/
or acquisitions by the control unit of the value of the com-
pensating resistance 25.

[0054] The unit 31 for polarizing the sensing cell 12
receives at its input the signals SPI from the operating
unit 10, and, according to these signals, is capable of
polarizing the cell 12 if the sensor 2 connected to the
connector 9 is the sensor 2b.

[0055] Figure 5 shows schematically a possible em-
bodiment of the polarization unit 31. In this embodiment,
the unit 31 consists of two polarization current genera-
tors, indicated by the reference numbers 50 and 51, of
which the generator 50 is connected to the terminal 9¢
of the connector 9 {and consequently to the electrode
12a (Vs+) of the cell 12) through a switch 52 operated
by the signals SPI. The generator 51 is connected to the
terminal 9b of the connector 9 (and consequently to the
electrode 12b (Vs-=Ip-) of the cell 12) through a switch
53 which is also operated by the signals SPI. The polar-
ization current from the generators 50 and 51 is obtained
directly from the reference current IREF at the output of
the circuit 42 of the unit 30. In operation, if the sensor
2b is connected, the operating unit 10, by means of the
signals SPI, causes the switches 52 and 53 to close in
such a way as to generate the polarization current in the
sensing cell 12 and to generate the said mechanism for
draining the oxygen ions from the exhaust gases to the
reference chamber 14. Conversely, if the sensor 2a is
connected, the operating unit 10 keeps the switches 52
and 53 open, thus preventing the polarization of the cell
12.

[0056] A schematic embodiment of the units 32, 33,
34 will now be described with reference to Figure 6.
[0057] The control unit 32 comprises a differential am-
plifier 60 whose inputs are connected to the terminals
9b and 9c of the connector 9 to receive the voltage signal
Vd, and is capable of supplying the amplified signal Vd
to a subtraction input 61a of an addition node 61. In par-
ticular, the amplified signal Vd will have a reference val-
ue (approximately 450 mV for example) if gases origi-

10

15

20

25

30

35

40

45

50

55

nating from the combustion of a stoichiometric mixture
are present in the diffusion chamber 13, while it has a
value greater than the reference value (or smaller than
the reference value) if gases originating from the com-
bustion of a rich mixture (or lean mixture) are present
therein.

[0058] The addition node 61 has an addition input 61b
to which is supplied a reference signal VdRIF, which rep-
resents the reference (or "set point") for the amplified
signal Vd, and which is equal to the amplified value of
the signal Vd if the exhaust gases entering the diffusion
chamber 13 originate from the combustion of a stoichi-
ometric mixture. In other words, the reference signal
VdRIF represents the value of the potential differential
across the terminals of the sensing cell 12 if the ratio
between the percentage of oxygen in the diffusion
chamber 13 and that in the reference chamber 14 is
equal to the said specified value.

[0059] The node 61 generates at its output an error
signal VERR, which consists of the difference between
the reference signal VdRIF and the amplified signal Vd,
and represents the error between the voltage present at
the terminals of the sensing cell 12 in stoichiometric con-
ditions and that which is actually measured at the termi-
nals of the cell 12.

[0060] The error signal VERR is supplied to a
processing circuit 62 capable of processing it to supply
at the output the control parameter VAD which identifies
the pumping current Ip to be sent to the pumping cell
11. In the illustrated example, the processing circuit 62
consists of a PID controller of a known type, capable of
executing a proportional integral derivative (PID) trans-
formation of the signal VERR, but the transformation of
the signal VERR may be different from that illustrated.
[0061] As shown in Figure 6, the output of the
processing circuit 62 is supplied to a sampling and hold-
ing circuit 63 (in the form of a "Sample & Hold" device),
the operation of which is clearly described below. The
circuit 63 is operated by means of the signals SPI, and
has an output terminal 64 at which the parameter VAD
forming the output of the control unit 32 is present.
[0062] The output VAD of the unit 32 is then supplied,
through an electrical connection 71 in which a precision
resistance 72, called the sensing resistance, is connect-
ed, to the input 70 of the interface unit 33 connected to
the pumping cell 11. Thus the voltage output VAD of the
unit 32 is converted into a current signal representing
the pumping current Ip to be supplied to the cell 11.
[0063] The unit 33 has a driver circuit 73 (shown sche-
matically) which receives the said current signal at its
input, and is capable of sending the current Ip to the
pumping cell 11. This driver circuit 73 (of a known type)
is commonly described as an "Ip-driver", and in struc-
tural terms it may be formed by a follower in such a way
that the current flowing through the precision resistance
72 is exactly equal to the driving current Ip sent to the
cell 11. According to the above description, the output
parameter VAD of the control unit 32 is the input accord-
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ing to which the driver circuit 73 sends the current Ip in
order to regulate the mechanism for draining oxygen
ions from the diffusion chamber 13 to the external envi-
ronment (or vice versa) in an attempt to establish stoi-
chiometry in the chamber 13.

[0064] In this way, a feedback control system which
tends to cancel the error signal VERR is provided. In
this feedback control system, if the exhaust gases en-
tering the diffusion chamber 13 are derived from the
combustion of a lean mixture, the signal VERR is greater
than zero, and the PID controller operates the driver cir-
cuit 73 in such a way that a current Ip capable of gen-
erating a flow of oxygen ions from the chamber 13 to-
wards the external environment is sent to the cell 11.
Thus the feedback control system tends to return the
chamber 13 to a stoichiometric state. Conversely, if the
exhaust gases have a low oxygen content, in other
words if they are derived from the combustion of a rich
mixture, the signal VERR is less than zero, and the PID
controller operates the driver circuit 73 in such a way
that a current Ip capable of generating a flow of oxygen
ions from the exterior towards the diffusion chamber 13
is sent to the cell 11. Thus the feedback control system
tends to return the chamber 13 to a stoichiometric state.
[0065] Theinterface unit 33 connected to the pumping
cell 11 also has a protection circuit 74 capable of pre-
venting the voltage at the terminals of the cell 11 from
exceeding a specified threshold value, beyond which
the sensor 2 may be damaged. The circuit 74 is enabled
by the operating unit 10 through the signals SPI.
[0066] According to theillustration in Figure 6, the unit
34 generating the output signal DIP of the controller 8
has a differential voltage amplifier 80, which is connect-
ed to the terminals of the sensing resistance 72 to meas-
ure the voltage drop across it and, consequently, to
measure the pumping current Ip supplied to the cell 11.
[0067] According to the present invention, the ampli-
fier 80 is a programmable gain and offset amplifier, and
is capable of amplifying the input voltage for values pro-
grammable by means of the signals SPI. The output sig-
nal DIP of the controller 8 is present at the output of the
amplifier 80, and this signal DIP is therefore a function
of the strength of the current which is applied to maintain
stoichiometry in the diffusion chamber 13. Since the
gain and offset of the amplifier 80 are programmable, it
is possible to measure currents Ip which have different
dynamic characteristics, at different resolutions. This
means that the controller 8 is capable of providing an
output signal DIP which, in a predetermined range of
voltages (e.g. 0 - 5 V), represents the variations of the
ratio in the exhaust over a programmable range of val-
ues which can be modified according to requirements.
[0068] Figure 7 shows two possible graphs of the
characteristic expressing the output signal DIP as a
function of the strength of the pumping current Ip, these
graphs being obtained with different gain and offset val-
ues of the amplifier 80.

[0069] Since the precision required in the measure-
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ment of the current Ip is very high, the unit 34 also has
a calibration circuit 81 for the amplifier 80, for evaluating
the errors introduced by the amplifier 80. This calibration
circuit 81 is also activated by the operating unit 10 by
means of the signals SPI, and, when activated, short-
circuits the inputs of the amplifier 80 and connects them
to the offset voltage. In this way, the measurement of
the output of the amplifier 80 provides information on
the measurement errors.

[0070] The unit 35 for measuring the internal resist-
ance RPVS of the sensing cell 12 will now be described
with reference to Figure 8. The internal resistance RPVS
is measured by forcing a known reference current in the
cell 12 and measuring the voltage drop across the ter-
minals of the cell 12.

[0071] For this purpose, the unit 35 has a differential
amplifier 85 whose inputs are connected to the elec-
trodes 12a and 12b of the sensing cell 12 in such a way
that the voltage drop Vd across the terminals of the cell
12 is present between them. The output of the amplifier
85 is connected to a sampling circuit 86 (in the form of
a "Sample & Hold" circuit), whose output represents the
said signal DVS at the input of the multiplexer 44 of the
unit 30. The unit 35 also has a current generator circuit
87 connected to the electrode Vs+ of the cell 12 and
capable of being operated by the unit 10 (by means of
the SPI signals) to generate a reference current in the
sensing cell 12. In particular, the reference current is ob-
tained from the current IREF made available by the gen-
erator 42 of the unit 30, and its strength can be regulated
according to the type of sensor 2 which is connected.
[0072] Finally, the unit 35 has a timer circuit 88 capa-
ble of generating the timings required to synchronize the
operations which contribute to the measurement of the
internal resistance RPVS. This circuit 88 receives at its
inputs both the clock signal BT from the circuit 41 (Figure
4) and the command, using the signals SPI, for enabling
the measurement of the resistance RPVS.

[0073] Thecircuit 88 is capable of operating the circuit
87 to regulate the timing of the supply of the reference
current to the cell 12, and is also capable of operating
the sampling circuits 86 and 63, by means of corre-
sponding signals SH and OL indicating the sampling in-
stants.

[0074] Inuse, the operating unit 10 operates the timer
circuit 88 to enable the measurement of the internal re-
sistance RPVS. First, the unit 10 causes the voltage
DVS at the terminals of the cell 12 to be acquired. Then
the circuit 88 operates the sampling circuit 63 by means
of the signal OL so that the output parameter VAD of the
control unit 32 is stored. The circuit 88 then enables the
current generator circuit 87 to operate in such a way that
the reference current is sent to the sensing cell 12, thus
perturbing the state of the cell 12. When this has been
done, the voltage at the terminals of the sensing cell 12,
due additionally to the reference current, are present at
the terminals of the amplifier 85. Finally, the timer circuit
88 operates the sampling circuit 87 to "freeze" the am-
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plified voltage present at the terminals of the cell 12, in
other words the signal DVS. At this point, the operating
unit 10 may operate the multiplexer 44 to receive the
frozen voltage DVS. From the values of the voltage DVS
acquired before and after the reference current was sent
to the cell 12, the unit 10 can determine the voltage drop
in the cell 12 which is due solely to the reference current,
and, since the value of the reference current is known,
can easily calculate the internal resistance RPVS.
[0075] It should be emphasized that the storing of the
output parameter VAD by the sampling circuit 63 makes
it possible to have no changes in the output signal DIP
of the controller 8 during the operations designed to per-
mit the measurement of the internal resistance RPVS of
the sensing cell 12.

[0076] The unit 36 for acquiring the compensating re-
sistance 25 connected to the connector 9 will now be
described with reference to Figure 9.

[0077] In Figure 9, the connection of the compensat-
ing resistance 25 to the connector is shown in continu-
ous lines for the case in which the sensor 2a is connect-
ed, while the connection of the resistance 25 is indicated
in broken lines for the case in which the sensor 2b is
connected (see also Figures 2a, 2b).

[0078] The unit 36 is capable of controlling the acqui-
sition of the resistance 25 independently of the type of
connection.

[0079] The unit 36 has a current generator circuit 90
which is connected to the terminal 9a (Ip+) of the con-
nector 9, and which can be operated by the unit 10, by
means of the signals SPI, to send a reference current
to the resistance 25. The reference current is obtained
from the reference current IREF made available by the
circuit 42 (Figure 4), and the strength of the reference
current is programmable by means of the signals SPI.
[0080] The unit 36 also has a differential amplifier 91
whose inputs are connected to the terminals 9a and 9f
of the connector 9, in other words to the terminals of the
resistance 25 if the UEGO sensor of type 2a is connect-
ed. This amplifier 91 is capable of amplifying the voltage
present at the input to supply at the output a signal
RCOMPDIFF indicating the compensating resistance
25. The signal RCOMPDIFF is then supplied to the input
of the multiplexer 44.

[0081] In use, if the compensating resistance 25 is
connected between the terminals 9a and 9f, the operat-
ing unit 10 activates the circuit 90 in such a way that the
reference current passes through the resistance 25. The
differential amplifier 91 amplifies the voltage at the ter-
minals of the resistance 25, and supplies the signal
RCOMPDIFF, representing the resistance 25, to the
multiplexer 44. At this point, the operating unit 10 selects
the input of the multiplexer 44 corresponding to the sig-
nal RCOMPDIFF in such a way that the signal is re-
ceived in the analog/digital converter 23 (Figure 1). The
operating unit 10 can derive the value of the compen-
sating resistance 25 from the known value of the refer-
ence current sent to the resistance 25 and the received
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signal RCOMPDIFF.

[0082] However, if the compensating resistance 25 is
connected between the terminals 9d and 9f, its value is
acquired in a different way. The terminal 9d is connected
to the power supply voltage (battery voltage, VBAT),
while the terminal 9f is connected to a voltage divider
93 whose output is the signal RCOMP which represents
the resistance 25 and is supplied to the input of the mul-
tiplexer 44. The voltage divider 93 has the function of
matching the level of the signal RCOMP to the dynamics
of the input of the multiplexer 44.

[0083] The resistance 25, connected to the power
supply voltage, thus has a current passing through it,
and the voltage signal RCOMP is generated. This signal
RCOMP is acquired by the operating unit 10 by the se-
lection of the corresponding input in the multiplexer 44.
The unit 10 can then determine the value of the com-
pensating resistance 25 from the value of the power
supply voltage VBAT, the signal RCOMP and the values
of the resistances of the divider 93.

[0084] It should be noted that, in the latter case, the
current generator circuit 90 is kept disabled by the unit
10.

[0085] In both of the above cases, the operation of
acquiring the value of the compensating resistance 25
is carried out when the engine 4 is started. The acquired
value of the compensating resistance is stored by the
unit 10 in a memory unit 94, so that it can be used to
provide the said compensation of the losses of the
pumping current Ip.

[0086] This is done by using the stored value of the
compensating resistance 25 to correct the output signal
DIP of the controller 8. This correction is carried out by
the microprocessor 24, and makes it possible to gener-
ate a signal VOUT which is truly indicative of the ratio
of the exhaust gases.

[0087] In this way, during the operation of the engine,
the compensation of the losses of the pumping current
Ip is always carried out on the basis of the acquired and
stored value of the resistance 25. Therefore, although
the resistance 25 may be subjected to thermal stresses
which change its value from the nominal value, the sig-
nal VOUT is not affected by the changes in the resist-
ance 25 and continues to represent the actual compo-
sition of the exhaust gases.

[0088] Finally, the control device 1 has a circuit 95
(Figure 9) for controlling the heating resistance 15 of the
sensor 2 (Figures 2a and 2b). As stated previously, the
resistance 15 is connected to the terminals 9d and 9e
(in other words, H+ and H-) of the connector 9, whose
terminal 9d is connected to the battery voltage VBAT.
[0089] The circuit 95 for controlling the resistance 15
is a circuit of a known type, and therefore it will not be
described in detail. This control circuit 95 is connected
to terminal 9e (H-), and is capable of regulating the cur-
rent passing through the heating resistance 15, to bring
the sensor rapidly to the required temperature and to
keep it within a range of maximum efficiency (for exam-
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ple, approximately 780°C) during the operation of the
engine.

[0090] The control device illustrated above has con-
siderable advantages compared to the known control
devices. In the first place, the control device 1 can be
used to control sensors 2 of different types, and gener-
ates an output signal VOUT which is independent of the
variations of the compensating resistance 25.

[0091] Secondly, the programmability of the unit 34 for
generating the signal DIP makes it possible to generate
an output signal representing the variations of the ratio
of the exhaust gases within a programmable and mod-
ifiable range of values. On the other hand, every known
type of controller provides output signals representing
the ratio X of the exhaust gases solely within a single
specified range of values, for example A&(0.7,1.2),
while it does not provide significant information outside
this range.

[0092] Moreover, the programmability of the unit 35
for measuring the internal resistance RPVS makes it
possible to measure this internal resistance RPVS with
both types of sensor, which, as is known, require differ-
ent reference currents in their sensing cells 12.

Claims

1. Control device (1) for a linear oxygen sensor (2) ca-
pable of being located in an exhaust pipe (3) of an
internal combustion engine (4), the control device
(1) comprising a controller (8) of the sensor (2) ca-
pable of exerting a control action on the sensor (2)
to generate at the output a signal (DIP) representing
the ratio of the exhaust gases; the sensor (2) com-
prising at least one reference chamber (14) capable
of receiving a specified percentage of oxygen, and
being of one of at least two types (2a, 2b) which
differ in the way in which the reference chamber.
(14) receives the oxygen; and the control device (1)
being characterized in that the controller (8) com-
prises programmable control means (31, 32, 33, 34,
35, 36) and in that it comprises an operating unit
(10) capable of operating and programming the said
control means (31, 32, 33, 34, 35, 36) to match the
controller (8) to the type of sensor (2a, 2b) to which
it is connected.

2. Control device according to Claim 1, in which the
sensor (2) comprises a diffusion chamber (13) ca-
pable of receiving the exhaust gases and a first (11)
and a second (12) electrolytic cell sensitive to oxy-
gen ions, the first of these cells (11) being control-
lable with respect to current; the said control means
(31, 32, 33, 34, 35, 36) comprising a feedback cir-
cuit (32, 33, 34) capable of regulating the current
(Ip) sent to the first cell (11) in accordance with the
difference between the percentages of oxygen
present in the diffusion chamber (13) and in the ref-
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erence chamber (14); the said feedback circuit (32,
33, 34) comprising means (34) of generating the
said output signal (DIP), capable of generating the
output signal (DIP) in accordance with the current
(Ip) sent to the first cell (11); the controller (8) being
connected to a compensating resistance (25) capa-
ble of compensating the losses of the said sent cur-
rent (Ip), and comprising an acquisition circuit (36)
capable of acquiring the value (RCOMP; RCOMP-
DIFF) of the compensating resistance (25); the op-
erating unit (10) being capable of correcting the out-
put signal (DIP) of the controller (8) in accordance
with the acquired value (RCOMP; RCOMPDIFF) of
the compensating resistance (25), to generate a
corresponding output signal (VOUT) which is truly
representative of the ratio of the exhaust gases and
which is independent of possible changes in the
compensating resistance (25).

Control device according to Claim 2, in which the
said programmable control means (31, 32, 33, 34,
35, 36) comprise means (31) for polarizing the sec-
ond cell (12), which can be activated selectively by
the said operating unit (10) according to the type of
sensor (2a, 2b) which is connected to the controller
(8); the said polarizing means (31) being capable of
polarizing the second cell (12) to produce the oxy-
gen in the reference chamber (14).

Control device according to Claim 3, in which the
said polarizing means (31) comprise at least one
polarization current generator (50) connected to the
said second cell (12), and switch means (52) inter-
posed between the said polarization current gener-
ator (50) and the said second cell (12) to enable the
polarization current to be sent in a selective way to
the second cell (12).

Control device according to any of Claims 2 to 4, in
which the said means (31) of generating the output
signal (DIP) of the controller (8) are programmable
by the operating unit (10) in such a way that the out-
put signal (DIP) indicates the variation of the ratio
of the exhaust gases within a range of values which
is programmable and can be modified as desired.

Control device according to any of Claims 2 to 5, in
which the said sensor (2) is capable of generating
a first signal (Vd) representing the said difference
between the percentages of oxygen present in the
diffusion chamber (13) and in the reference cham-
ber (14), the said feedback circuit (32, 33, 34) com-
prising:

- processing means (32) receiving the said first
signal (Vd) and capable of processing it to gen-
erate at the output a parameter (VAD) which
identifies the said driving current (Ip) of the first
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cell (11); and

- driving means (33) to send the current (Ip) to
the firstcell (11) in accordance with the said out-
put parameter (VAD) of the said processing
means (32),

the said means (34) of generating the output
signal (DIP) of the controller (8) being capable of
generating the output signal (DIP) of the controller
(8) in accordance with the said output parameter
(VAD) of the said processing means (32).

Control device according to Claim 6, in which the
said output parameter (VAD) of the processing
means (32) is supplied to the input of the said driv-
ing means (33) through a connecting line (71) hav-
ing a precision resistance (72) through which the
current sent by the driving means (13) to the said
first cell (11) can pass; the said connecting line be-
ing part of the means (34) of generating the output
signal (DIP) of the controller (8).

Control device according to Claim 7, in which the
said means (34) of generating the output signal
(DIP) of the controller (8) comprise first amplifier
means (80) with programmable gain and offset,
which are connected to the terminals of the said pre-
cision resistance (72) to amplify the voltage present
at the terminals of the said precision resistance
(72) .

Control device according to Claim 8, in which the
said means (34) of generating the output signal
(DIP) of the controller (8) additionally comprise
means (81) of calibrating the said first amplifier
means (80) to make it possible to evaluate the er-
rors introduced by the first amplifier means (80) in
the generation of the output signal (DIP) of the con-
troller (8).

Control device according to any of Claims 6 t0 9, in
which the said means (32) of processing the first
signal (Vd) comprise:

- second amplifier means (60) to amplify the said
first signal (Vd);

- means of generating a reference signal (Vdrif)
indicating an objective value of the first ampli-
fied signal (Vd);

- comparing means (61) for comparing the said
reference signal (Vdrif) with the said first ampli-
fied signal (Vd), and for generating an error sig-
nal (VERR);

- a processing circuit (62) receiving at its input
the said error signal (VERR) and capable of
processing the error signal (VERR) to generate
the said output parameter (VAD) of the
processing means (32).
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Device according to Claim 10, in which the said
processing means (32) additionally comprise a first
sampling circuit (63) connected at the output of the
said processing circuit (62) and capable of being
operated to sample and store the said output pa-
rameter (VAD) of the said processing means (32).

Control device according to Claim 7, in which the
said driving means (33) comprise a driver circuit
(73) capable of sending to the said first cell (11) ex-
actly the current which passes through the said pre-
cision resistance (72).

Control device according to any of Claims 6 to 12,
in which the said driving means (33) additionally
comprise a protection circuit (74) for the said first
cell (11) which is capable of preventing the voltage
at the terminals of the first cell (11) from exceeding
a specified threshold value; the said protection cir-
cuit (74) being operable by the said operating unit
(10).

Control device according to any of Claims 2 to 13,
in which the said control means (31, 32, 33, 34, 35,
36) of the controller (8) comprise measuring means
(35) for measuring the internal resistance (RPVS)
of the said second cell (12); the said measuring
means (35) being operated by the operating unit
(10) to send to the said second cell (12) a specified
current whose strength can be regulated according
to the type of the sensor (2a, 2b) which is connected
to the controller (8).

Control device according to Claim 14, in which the
said measuring means (35) comprise current gen-
erating means (87) for generating the said specified
current in the said second cell (12), third amplifier
means (85) connected to the terminals of the sec-
ond cell (12) for amplifying the voltage (DVS) at the
terminals of the second cell (12), a second sampling
circuit (86) for sampling the amplified voltage
(DVS), and timing means (88) capable of synchro-
nizing the timings of the operations of sending the
reference current and sampling the amplified volt-
age (DVS).

Control device according to any of the preceding
claims, in which the said operating unit (10) and the
said controller (8) comprise corresponding interface
circuits (21, 22) of the serial type connected by a
serial line (20); the said operating unit (10) being
capable of sending the operating and programming
signals (SPI) of the said programmable control
means (31, 32, 33, 34, 35, 36) to the interface circuit
(22) of the controller (8).

Control device according to any of Claims 2 to 16,
in which the said sensor (2) comprises a connector



18.

19.

20.

19 EP 1 001 261 A1

(9) through which it is connected to the said control-
ler (8); the said compensating resistance (25) being
connected between two terminals of the connector
(9) in two different ways according to the type of
sensor (2a, 2b) which is connected to the controller
(8); in the first way, corresponding to a first type of
sensor (2a), the compensating resistance (25) is
connected between a first (9f) and a second (9a)
terminal, while in the second way, corresponding to
the second type of sensor (2b), the compensating
resistance (25) is connected between the said first
terminal (9f) and a third terminal (9d) of the connec-
tor (9); the said acquisition circuit (36) comprising
first (90, 91) and second (93) means of acquiring
the value (RCOMP; RCOMPDIFF) of the compen-
sating resistance (25), which are capable of acquir-
ing the value (RCOMP; RCOMPDIFF) of the com-
pensating resistance (25), if this resistance is con-
nected to the connector (9) in the first way or in the
second way respectively.

Control device according to Claim 17, in which the
said first means of acquisition (90, 91) comprise a
current generator circuit (90) connected to the said
second terminal (9a) and capable of being operated
by the operating unit (10) to send a predetermined
current to the compensating resistance (25); the
said first means of acquisition (90, 91) also compris-
ing a differential amplifier (91) whose inputs are
connected to the first (9f) and second (9a) terminal
to amplify the voltage at the terminals of the com-
pensating resistance (25) and to supply at the out-
put a first voltage signal (RCOMPDIFF) indicating
the value of the compensating resistance (25).

Control device according to Claim 17, in which the
said second means of acquisition (93) comprise
means of supplying a reference voltage (VBAT) to
the said third terminal (9d), and a voltage divider
(93) connected to the said first terminal (9f) and
generating at its output a second voltage signal
(RCOMP) indicating the value of the compensating
resistance (25).

Control device according to any of Claims 2 to 19,
in which the said operating unit (10) comprises a
memory unit (94) capable of permanently storing
the value (RCOMP; RCOMPDIFF) of the compen-
sating resistance (25); the said memory unit (94)
being capable of storing the value (RCOMP;
RCOMPDIFF) of the compensating resistance (25)
when the engine (3) is started.
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