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SOOT SENSOR ARRANGEMENT
TECHNICAL FIELD

This invention relates to Particulate Matter (PMnSors which are typically used
in automotive application to determine accumulasewt levels, and more

particularly to the associated circuitry therefor.
BACKGROUND OF THE INVENTION

PM (Particulate Matter) Sensors are commonly usddiesel vehicles for
measurement of PM emissions in the exhaust systtar Diesel Particulate
Filter). Typically, these devices comprise a semssistor where deposits of soot
thereon change the resistivity of the sensor @sigius enabling the amount of
accumulated soot to be determined; associateditcyr¢siused to measure
changes in this resistivity. Such soot sensorswsally include a heating
element/resistor which can be used to burn off soatregeneration cycle.

Thus such soot sensors thus use a ‘Resistivityhateto measure the PM level
accumulated on the sensor. Typically, a PM senasmahleast 4 terminals (pins
out). These connect sub-components of the PM sesnsbras the sensor resistor

and the heating resistor.

To measure PM sensor resistance in the range fidntal 13MQ, multiple high
impedance resistors are required in the assodjatteniface) circuitry. This incurs
a high part cost due to multiple 0.1% resistorsfpeised. The total cost is

currently $0.26 for 6x 0.1% resistors.

Furthermore, there is currently a high impedancasuement accuracy issue in

such circuitry caused by solder flux residue. Whparating at high ambient

0
temperature (85~126), the solder flux resistance will be greatly reeli and this

can cause measurement error of >15% . To remavsdider flux residue, the
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PCBs need to be cleaned with special chemical @mdula and the cost is very

high — currently approximately $3 cleaning cost Ipeard.

It is an object of the invention to reduce proviRid sensor circuit arrangement
where the measurement error is reduced and whiefcomes the aforementioned
problems. It is a further object to remove the soltlx cleaning process from the
existing production of PM controller. It is a fuethobject to maintain the
advantage of 4 pin PM sensor design compared tpia $ensor design. The
inventors have invented new circuitry which overesrthese problems and

reduces the number of high impedance resistors

SUMMARY OF THE INVENTION

In one aspect is provided A particulate matter (RBhsor circuit arrangement
including a PM sensor; said sensor including irdktrerewith: a PM sensor
resistor; an RTD resistor and a heater resistat,RBsl sensor including four
terminal pins, of which:

a) a first terminal pin being connected to one teainof said PM sensor resistor;
b) a second terminal pin being connected to omeiter side of said RTD
resistor;

c) a third terminal pin being connected to one teainof a heater resistor;

d) a fourth common terminal pin being connecteth&orespective opposite
terminals of said PM, RTD and heater resistosaid first, second and third
terminal pins;

characterized wherein said fourth common pin iga@nally connectable or
connected to a boost or voltage supply, and wheicefirst pin is connected to a

low side line.

The arrangement may include a microprocessor coexhég said PM sensor via

intermediate circuitry.
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The arrangement may include low side circuitradow side driver interface

connected between a microprocessor and saidtérstinal pin.

Said third terminal pin may be connected to eithbigh side heater line/driver or
a low side heater line/driver.

Said fourth common pin may be configured to bedalely operationally

connected to said boost supply, or a heaterdnidbw side heater driver/line.

Said third terminal may be is configured to be ctdlely operationally connected
to a heater high side driver and said fourth teaingn is configured to be
selectively operationally connected to a low sidathr line/driver or said boost

voltage line.

The arrangement may include a diode located betwaiel third terminal pin and

said respective heater low or high side driver/line

Said circuit arrangement may be selectable insarfiode to operationally
connect said boost supply to said fourth termifalacurrent to flow from said
boost supply via said fourth terminal through ssedsing resistor to said first
terminal, and to operationally disconnect said &elatwv or high side driver from

said fourth terminal so as to prevent currenwiitg through said heater resistor.

Said circuit arrangement may be selectable gcarsd mode to allow current to
flow through said heater resistor via said third &urth terminal pins and to

disconnect said boost or voltage supply from saidgth pin terminal.

Said first signal line pin may be connected ornmmtable to a controller or
microprocessor via a low side driver interfaceagement, adapted to determine

the resistivity or relative resistivity of said sem resistor.
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A first terminal pin being connected to one terrhin&said PM sensor resistor

means it is the output sensing side terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is now described by way @nexle with reference to the

accompanying drawings in which:

Figure 1 shows a known PM sensor and associateditcy;

Figure 2a shows the circuitry of figure 1 in moedail,

Figure 2b shows a simplified view of figure 2a;

Figure 3 shows an alternative prior art PM seasar arrangement;

Figure 4a shows an embodiment of the inventiorushialg a known 4 pin

sensor with novel circuitry; operating in PM semgsmode;

Figure 4b shows the circuitry of figure 4a in regeation mode;

Figure 4c shows simplified circuitry of figure 4lacsving the salient

components for the PM sensing mode;

Figure 5a shows a flowchart of operation accordingne example;
Figure 5b shows a tale of the states of the fonaif PM sense RTD and
heater in the PM sensing and regeneration modi @frrangement of
figure 4a and 4b.
Figure 6 shows the Function Enable Sequence essiginal /voltage current
levels or states going from the PM sensing modegeneration mode and
back again for a number of input and output paramdisted on the left had
side of the figure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Prior Art

A known PM sensor and associated circuitry (thesinkerface with a PM

controller) is shown in figure 1. A PM sensor lludes the sensor resistor 2,

(Rsensor) , typically with a bias resistor 3 (Rshim parallel therewith, and this
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gives a PM sensor signal (B4) out via one termii2abf the sensor to be input

into a microprocessor/controller via unit 7.

Conventionally the PM sensor is pulled up via terahil2 by a boost voltage (e.g.
35V) for soot accumulation and resistive measurenidme terminal 12 is thus
connected to a Vboost/sensor supply unit 6 whigh tarn connected to a
microprocessor 11 used to control operation okt#esor 2. In addition the
terminal 12 is connected to a sensor signal buiffier7 to process the signal from
terminal 12 for a input to the microprocessor gensor resistor measurement

purposes).

The sensor also includes a RTD resistor 4 (R RMdjich is connected via a
RTD circuit 8 to the microprocessor from termindl The RTD is a Resistive
Temperature Device that integrated into sensosdéosor temperature

measurement for improved PM sensing.

In addition, a heater resistance (R-heater) Smeected from terminal 14 to a
heater high side driver 9 which is connected téelpafor power and receives
control signal from the microprocessor. Thus thithe heater high side

connection, the driver has a PWM controlled oufpusensor regeneration HTR+

All the resistors of PM sensor are connected onsihe (the opposite terminals
to the outputs 12,13 and 14) to via terminal (diB)o an intermediate unit 10
between the sensor and the controller /micropracekmit 10 may an
appropriate current (sense /heater) low side duwér connected to terminal 15
which is the “Com GND Ground” pin of the sensoritd® has an input from the

microprocessor for appropriate control.

Figure 2a shows the circuitry of figure 1 in moedall. As can be seen there is a
High Side Pull Up arrangement with Divider (Highd8iDivider interface)
connected to terminal 12,generally designateddtt includes many high

impedance resistors (R1 — R6) in the measurementitty, The High Side pull
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up arrangement is connected to a high voltage 88¥.(boost) supply, and the

microprocessor/controller.

Figure 2b shows a simplified view of figure 2astwmw current flow from the
High Side Pull up arrangement through the sensista 2 to the Low Side

Driver 10, when the LSD is nominally “ON” (shownftine figure a switch X).

The problems with such circuitry is that there lsigh impedance measurement
accuracy issue caused by solder flux residue andthitiplicity of resistors R1 to
R6. In order to measure PM sensor resistance rfaoigelM — 13M2, multiple
high impedance resistors are used to form thefagercircuitry. In ideal case, this
circuitry should work for the required resistanaage (1M — 13MR). In reality,

the present of solder flux on the SMD process heaatgnfluence to the high
impedance circuitry especially when operate in lagibient temperature
(85~1258C), the solder flux resistance will be greatly reeitand cause the

measurement error >15% (design requirement).

An alternative known arrangement is shown in figdir&he sensor 20 has 5 pins.
The extra pin in the sensor is called as ‘Boost’2il. This boost pin provides
high voltage (45V) pull up 22 to the PM sensordoot accumulation and
measurement. Thus this design use dedicated pwoas direct pull up to the

PM sensor. In this case, there is no need to harg/migh impedance resistors in
the measurement circuitry between the sensor anohitroprocessor, designated
generally by reference numeral 23. Thus the measeneerror caused by solder
flux is insignificant. However, the drawback indldesign is that an xtra pin in

this PM sensor design is required.

Figure 4a shows an embodiment of the inventionsfraadvs novel circuitry
associated with the 4-pin sensor of figure 1. Tigeré shows novel circuitry
connected between the sensor and the controlledprimcessor generally
designated with reference numeral 50.Similar camepts have the same

reference numerals as figure 1.
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Here a boost input (from a boost voltage supplyg—%5V) designated with
reference numeral 30, is selectable to be opemdtioconnected to the ground pin
15 of the sensor rather being connected to pinTiis the high side (boost)
voltage is applied to the opposite terminal ofrgstor sensor 2, to the output
pin 12.

As a result, further instead of using a high sideer interface attached to pin 12,
a simplified low driver interface 40 is used; thegjuires only a low resistance
100k and 100k resistor interface to improve thesusament accuracy.

Also connected to the (terminal) pin 15 is a lodesline 31 which may include a
low side drive 10. This low side drive can be relgaras the heater low side drive.
This low side drive , like the 35V boost can beestbly operationally connected

to pin 15.

Although not shown in the figure, heater HSD 9, $tamltage supply 30 and
heater LSD 10 have connections to the microprockssturoller for appropriate

control therefrom.

The heater high side driver 9, the boost (e.g. 3a\ply 30 as well as the heater
LSD 10 can thus all be enable (ON) or disabled (AfRhe microprocessor,
such they are either (operationally) connectethéopin 15 or not.. The skilled

person would be aware of appropriate switching meéamanifest this

So in other words the boost connection is madbeedCiom Ground pin for PM
sensing. In operation when PM sensing, the RTDhegadier (connections) are
disabled as these functions are not required wiMsdhsing is active. In one
example of operation, when the sensor resistariessghan a low set point (soot
accumulated), the heater will be activated to ihensoot and PM sensing will be
deactivated. So it may be regarded that the essaitbe change is to connect the
Boost (35V) to the Com GND pin.
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The operation of the controller can be split i@ tmodes: PM Sensing Mode (as
per figure 4a) and Regeneration Mode (as per figbjeln figure 4a the heater
HSD and Heater/LSD 10 are disabled (OFF) and tlostovoltage connection) is
enabled. Current flows in the direction of the asdhrough the sensor to the
simplified LSD interface 40 from measurement byrferoprocessor. In figure
4b shows the regeneration mode where the heaterdan8Peater LSD are

enable (ON) and the boost supply is disabled (Q&&)low current to flow
through the heater resistor to burn of soot as shoythe arrows - see also Figure
5b which will be explained .

Figure 4c shows simplified circuitry of figure 4lacsving the salient components

for the PM sensing mode.

The interface circuitry thus uses can use a sitapleside divider (which uses e.g
2x 100k resistors) and this leads to improve thasueement accuracy and
overcoming the aforementioned problems. Boost cctiedeto Com GND pin will
be the pull up voltage for Sensor during the PMs8&nMode.

A (e.g. Schottky) diode 51 is preferably addedh® Heater HSD to block current
flow back from 35V to 12V.This Schottky diode cdambe replaced by discrete
PFET circuit for lower forward voltage drop durihgater operation if necessary.

Operation

a) PM Sensing Mode:
In PM Sensing Mode, 35V boost will be activategakér HSD and Heater LSD

will be deactivated. RTD and heater are disablath@se functions not required to

operate in this mode. The controller will monitbetPM sensor resistance and
activate the Regeneration Mode once the sensataase drop below the
threshold set (<21Q).

Regeneration Mode
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When the sensor resistance is €<2Montroller will activate the Regeneration
Mode. In this mode, 35V boost will be deactivatedllowed by the activation of
Heater HSD and Heater LSD. Heater LSD will be tdr@N permanently in this
stage. Heater HSD will be switched in PWM mode @0@nd duty cycle defined
by software). Activation of heater is to burn dfétsoot accumulated on the
sensor. RTD function is enabled to monitor the érds¢nsor temperature during
the sensor regeneration. The controller will chebk sensor resistance (in PM
Sensing Mode) after each period of heating cyctéopmed. Once the sensor is
clean (resistance>13W), the controller will switch the operation backR¥

Sensing Mode.

Figure 5a shows a flowchart of operation for thamgement of figures 4a and
4b. In step S1 the system is in PM sensing modetép S2 it is determined if the
PM sensor resistor reaches a resistance of lessthat value e.g.2M If so, the
process proceeds to step S3 which is regeneratiode. In step 4 it is determined
if the resistance of the PM senor reaches a higteset value e.g. 13M It

should be noted that this step includes a sensodgrto determine this; this may
be done at intervals to see how the regeneratiaterisogetting on . If so the

process returns to PM sensing mode S1.

The table of figure 5b shows the states of thetfanof PM sense RTD and
heater in the PM sensing and regeneration modi® @frrangement of figure 4a
and 4b.

Figure 6 shows the Function Enable Sequence essiginal /voltage current
levels or states going from the PM sensing modegdeneration mode and back
again for a number of input and output parametstad on the left had side of the

figure.

Comparative Results

Table 1 below shows the reduction in high impedaesestor usage:

| Interface|  Current | Invention|
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Resistor Design
R1 1MQ -
R2 1MQ -
R3 1MQ -
R4 1MQ 100k
R5 665l 100k
R6 1MQ -

Table 2 below shows the measurement error Compafvgith solder flux

resistance 100k2/mm):

R _Sensor | Current Design I nvention
1MQ 2.09% 0.51%
2.5MQ 4.92% 0.49%
10MQ 16.92% 0.49%
13MQ 20.91% 0.49%
17MQ 25.67% 0.49%

Cost Saving with invention are estimated to be URD& per controller and
estimated solder flux cleaning avoidance savingD$&per controller. The
invention solves the problem of high impedance emuissue in the current PM

controller design is solved with the new designth& same time, the invention

provides significant savings.
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CLAIMS

1. A particulate matter (PM) sensor circuit arrangat including a PM
sensor; said sensor including integral therewitAMasensor resistor; an RTD
resistor and a heater resistor, said PM sensardimg four terminal pins, of
which:

a) a first terminal pin being connected to one teainof said PM sensor resistor;
b) a second terminal pin being connected to omeited side of said RTD
resistor;

c) a third terminal pin being connected to one teainof a heater resistor;

d) a fourth common terminal pin being connecteth&orespective opposite
terminals of said PM, RTD and heater resistoisaid first, second and third
terminal pins;

characterized wherein said fourth common pin igaenally connectable or
connected to a boost or voltage supply, and wheicefirst pin is connected to a

low side line.

2. An arrangement as claimed in claim 1 includingieroprocessor

connected to said PM sensor via intermediate dicui

3. An arrangement as claimed in claims 1 or 2 wiclg low side circuitry or
a low side driver interface connected between aoprocessor and said first

terminal pin.

4. An arrangement as claimed in claims 1 to 3 whesaid third terminal pin

is connected to either a high side heater lineédror a low side heater line/driver.

5. An arrangement as claimed in claims 1 to 4 wisaid fourth common
pin is configured to be selectively operationalbynnected to said boost supply,

or a heater high or low side heater driver/line.
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6. An arrangement as claimed in claimed in 1 tatterein said third
terminal is configured to be selectively operatipneonnected to a heater high
side driver and said fourth terminal pin is configito be selectively

operationally connected to a low side heater lineg¢d or said boost voltage line.

7. An arrangement as claimed in claims 1 to 6 ihidg a diode located
between said third terminal pin and said respedteager low or high side

driver/line.

8. An arrangement as claimed in claim 1 to 7 , wimesaid circuit
arrangement is selectable in a first mode to ojmerally connect said boost
supply to said fourth terminal allow current toviildrom said boost supply via
said fourth terminal through said sensing resisi@aid first terminal, and to
operationally disconnect said heater low or higle giriver from said fourth

terminal so as to prevent current flowing througgid heater resistor.

9. An arrangement as claim in claims 1 to 8 wimesaid circuit
arrangement is selectable in a second mode to allorent to flow through said
heater resistor via said third and fourth termpiak and to disconnect said boost

or voltage supply from said fourth pin terminal.

10.  Anarrangement as claimed in claims 1 to 9 wihesaid first signal line
pin is connected or connectable to a controllenmroprocessor via a low side
driver interface arrangement, adapted to deterthi@eesistivity or relative
resistivity of said sensor resistor.



