Sensor Arrangenent 2234069 This inveption relates to a sensor _
-arrangment for a sensor having a differential output. The arrangenent is 5
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- 20 It is usual to use an operatlonal amplifier to
increase the amplltude of the pressure sensor. signal. Such
amplifiers themselves introduce errors such as input VOltage
and current offsets and an input bias current which develop:
an output voltage offset.

25 In order to compensate for these amplifier voltage
offsets for absolute value and temperature variations it is

necessary to utilise precision dedicated operational (

amplifiers with an extensive calibration procedure, which
must be carried out for each sensor-amplifier unit. This

30 procedure can be the most expensive part of the
manufacturing process.

This invention seeks to prdvide an improved sensor
arrangement in which the above mentioned problem is
mitigated.

35 According to one aspect of the invention there is
provided a sensor arrangement comprising a sensor having
first and second outputs; first and second amplifier means;
switching means for switching coupling of the first and
second sensor outputs between the first and second amplifier
means to provide two pairs of amplifier output signals;

en
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-2- control neans for controlling switching of the switching nmeans; storage
neans for storing signals representative of 5 the two pairs of anplifier
out put signal s’ and conbi ni ng neans for combRning the stored signals
substantially to cancel anplifier offset voltages. In a preferred

enbodi nent- the sensor is a Eressure sens rst .angd second
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signal s. The ni cr ocEhpat Prefigyrefsenbodinent shedsensproisnBabsessyrpas a

control outpugengypled to control the switching of the switching neans. 25

According_to a second aégr15 of the inyentiogn there is provided,a pgethod of
a
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Mﬂth reference to tyRedstvrage m8anbi flly conveniently comprise digital
storage register means.

In a preferred embodiment the storage means and the
combining means are formed by a microcomputer operative to

20 store and combine digital signals derived from said two
pairs of amplifier output signals.

The microcomputer may also comprise said control means
and has a control output coupled to control the switching of
the switching means.

25 According to a second aspect of the invention there is
provided a method of processing sensor signals including the
steps of switching first and second signals provided by the
sensor between first and second amplifier means to provide
two pairs of amplifier autput signais, storing signals

30 representative of the two pairs of amplifier output signals
and combining the stored signals substantially to cancel
amplifier offset voltages.

In a preferred embodiment the stored signals of each
pair are subtracted from one another within their pairs and

! 35 the results of the subtractions are combined.

An exemplary embodiment of the invention will now be
described with reference to the drawings in which:

Figure 1 shows a sensor arrangement in accordance with
the invention; and



Figure 1 shows a sensor arrangenent in accordance:wth the invention; and

-3- Figures 2-3 are explanatory graphs; and Figure 4 shows part of an -
alternative enbodi nent of 5 the sensor-agrangenent of. the invention;
Referring to Figure 1 a pressure sensor 10 which is typically a Mtorola

MPX 2100AP unit has inputs 1 and 3 which are coupled respectively to supply
lines 5 and 6 andFhEYresfRedepreapxplanateory gnaphs;iend The outputs 2

and 4 of the senspiglfedscsheus! gartootvancul tebRativeinddindhe Buitch 21
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operational amplifier 40. The operational amplifiers 30 and
40 are advantageously formed as a single integrated'circuit,
20 such as a Motorola MC33078, having supply inputs 32 and 42
respectively coupled to the supply'linés 5 and 6. '
The operational amplifiers 30 and 40 have outputs 33
and 43 which are coupled to respective input channels 51 and
52 of a microcomputer unit 50. The amplifiers30 and 40 have
25 second inputs 34 and 44 respectively which are coupled to
respective outputs 33 and 43 via respective feedback
resistors 35 and 45. A gain control resistor 36 is o
connected between the second inputs 34 and 44 of the
amplifiers 30 and 40.
30 Finally the microcomputer (MCU) 50 has a céntrol
output 53 which is coupled to control inputs 20 and 29 of
the switches 21 and 22.
In operation the control output. 53 of the MCU 50
controls the switches 21 and 22 via control inputs 20 and 29
35 so that the sensor output 2 is coupled via the switch 22 to
the operational amplifier 30 and the sensor output 4 is
coupled to the operational amplifier 40. ‘
The amplifier 30 provides an output voltage V1 which
is coupled to the input 51 of the MCU 50 and the amplifier



the operational anplifier 30 and the sensor output 4 is coupled to the
operational anplifier 40. The anplifier 30 provides an output voltage VI
which is coupled to the input 51 of the MEU458 and the anplifier -4- 40
provi des an out put voltagé V2-which is fed to the input 52 of the MCU 50. 5
The voltages V1 and V2 are converted to digital values by anal ogue to
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voki/suppig ggﬁfisg ghé ;ﬁgﬁfffgézfg grovides an output voltage V2C which
is stored in digital form in a register R2C.

The first transfer function of the arrangement is
obtained by combining the contents of the four registers in
the following way: '

20 (R1-R2) + (R2C-R1C)

The actual value stored in the MCU is given in counts
or bits as:

count ={(v1-vz) + (vzc-v1C)}.x 20 -1

VRH-VRL
25 where n is the number of bits of analogue to digital
conversion and VRH and VRL are the values of the supply
voltages coupled to the lines 5 and 6 respectively.

Assuming that V1-V2 = VPS x AV where VPS is the

pressure sensor output voltage and AV is the gain of the
30 operational amplifiers, then for 8 bit A to D conversion and
a 5 volt supply ' | '
count = 2 x VPS x AV.255
_ 5
The MPX 2100AP pressure sensor has a VPS of 20 mV at
35 voltage supply Vs of 5V and a maximum pressure of 100 kPa.
With a gain AV of 113 chosen to maximise the number of
counts available in the MCU register and the excursion of
the output voltage of the amplifieri
count = 0.020 x 113 x 102 = 230 _
The resolution is thus 0.43 kPa per count or bit.



The MPX 2100AP pressure sensor has a VPS of 20 nV-at 35 voltage supply Vs
of 5V and a maxi num pressure of 100 kPa. Wth a gain AV of 113 chosen to
maxi m se the nunber of counts available-ism +he MCU regi ster and the
excursion of the output voltage of the anplifier: count = 0.020 x 113 x 102
= 230 The resolution is thus 0.43 kPa per count or bit. -5- Considering
now t he above cal@ensidemning new cthetabove Qaﬂ.cmquimntintmmrel@abatl
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anpllflers And 40" 1 and OF2 are the voltage offsets of those

anplifiers. Revel’-%? ng QGR) sWQf:ZIes 21 and 22 gives VIC = d (64+CFl) V2C =

Q&(S2+0F2) 20 4 S2+OFl ) - GQ(S4+0F2) V2C-V1C =

G2( S2+QF2 vz F(V2CM O = d.S2+&.S2-GL. S4 -
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are conpletely cance Ied ?% oéq')r esult is Vout = G2.(S2-4) =

GT[ (a(p) +of 2) - (b(p) +ofR) = C2(S4+OF2)
where Gl and G2 are the gains. of the amplifiers 30 and 40
15 and OFl1 and OF2 are the voltage 6ffsets of those amplifiers. o’
Reversing the switches 21 and 22 gives

V1C = G1(S4+OF1)
V2C = G2(S2+0F2)
20 V1-V2 = G1(S2+0F1)-G2 (S4+OF2)

V2C-V1C = G2 (S2+0F2)~-G1(S4+OF1)

(V1-V2)+(V2C-V1C) = G1l.S2+G2.52-Gl.S4
G2.84+G1.0F1-G2.0F2

25 - G1.0F1+G2,0F2
= §2(G1+G2)~54 (G1+G2) ;:)
= (Gl+G2).(S2-54)

30 Thus the offset voltagesOF1 and OF2 of the amplifiers

30 and 40 together with température variations are
completely cancelled. '

The final result is

Vout = G-2.(52-84) = Gp[(a(p)+of2)=(b(p)+of4)]

35 = GT[V(P)+V offset]

where GT is the overall gain of the transfer function of the
arrangement. .

The advantages of the sensor arrangement of the
invention are illustrated in the graphical figures 2 and 3.



35 * = GI[V(P)+V of fset] where GT is the overall
gain of the transfer functlon of the arrangenent. The advant ages of the
sensor arrangehent of the invention are il4 w®t+ated in the graphical
figures 2 and 3. -6- Figure 2 shows the direct: output of the pressure
sensor 10. As can be seen the full scale and the offset 5 have a positive
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with the invention. Like parts to those in Flgure 1 have
the same reference numbers.

20 This embodiment is the same as that of Figure 1 except
that the outputs 33 and 34 of the amplifiers 30 and 40 are
now fed in turn to a single input port 54 of the
microcomputer unit 50 via a switch 60 which is controlled by
the MCU 50 by means of a control output 55 coupled to a

25 control input 61 of switch 60. The MCU controls the switch
60 to couple. firstly the output of the amplifier 30
followed by the output of the amplifier 40 to its input port
54. As before the voltage outputs of the two amplifiers 30
and 40 are sfored, after analogue to digital conversion, in

30 registers Rl and R2. '

Oon commutation of the switches 21 and 22 the process
is repeated with the voltage outputs of the amplifiers 30
and 40 being fed in turn to be stored as digital values in
registers R1C and R2C. The MCU 50 then performs the

35 calculations as described above with reference to Figure 1."

The invention has been described by way of examplé;and
modifications may be made without affecting the sdope of the
invention. In particular although the invention is
particularly useful for pressure sensor applications it may
be used with any sensor having a differential output.



and 40 being fed in turn to be stored as digital values in registers RC
and R2C. The MCU 50 then perforns the 35 calculations as described above
with reference to Figure |I. The inventien7has been descri bed by way of
exanpl e and nodifications may be made without affecting the scope of the
invention. In particular although the invention is particularly useful for
pressure sensor applications it may beCl@&wswi t h' any sensor having a o

di fferential output. -7- Cains 5 1. A sensor "arrangemnent conpri sing
a sensor_having first and second outauts first and second anplifier neans;
swi t chi iy nkans fArSeRFPERFERARGEMEN R ComPriging ratsengorchavingcfiiost «f

o]cht putls Fetmmébmdléﬁtpﬁﬁdlgﬁsﬁﬁﬂ mlséceﬁdnaapﬁfﬂefrﬁaaﬂg\-/; ;Aghf)ﬁlgrif
sjgnal s co means r

Cheoui t chi T HeRkhs “heBR Ceof e Ll Pha  BRRRL L8 (58! the pi et ang Ve of

the two paJs%cqmdaﬁgm$¢re¢utmmpﬂtbetgaamsthedftnsblmnagseeand iﬁpliﬁﬂbﬁglgg

t he stored I Yod e e ges. :

The Zr ?angeﬁn%‘ﬁ‘?@o o JE0Y 48 Buo Ypa P B Camgl P ok BB b1 B L

The i nviht i ¢pRE¥ol | Beana %‘PrF%%?%lhlm%eSWit%hlmmtothecwﬁtMgf|er

neans are OREdRd} OSPOrIGe |méaﬁ§5foﬂ-stor1 ng &4 ﬁ@ﬂ@”@éﬁ é%eﬁGXtPGQCSE'”Q

claimand f er risipg ue to digit conver si on neans
converting "{L’i'h%% %%?’F% %E %’Pﬁﬁ'?g ’? %?I%ﬂ-% QWZ@’B‘PH‘%M SI gnal s
to provi de means rigr esembining mgrmﬂ:aredi signdlhe substacviallpiteny
precedi ng %ﬂé@g&ﬂ@&igﬁ gf@é@gev%fngﬁ éOITpI’I ses digital storage
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3. The inveniiggsof claim 1 or 2 wherein the first and
20 second amplifiérl~are operational amplifiers.

4. The arrangement of any preceding claim and further

comprising analogue to digital conversion means for

converting the two pairs of amplifier output signals to
25 digital signals to provide said representative signals.

5. The arrangement of any preceding claim wherein the
storage means comprises digital storage register means.

30 6. The arrangement.of claim 1 wherein the storage means
and the combining means are formed by a microcomputer
operative to store and combine digital signals derived from
said two pairs of amplifier output signals.

35 7. The arrangement of claim 6 wherein the micrécomputer
comprises said control means and has a control output
coupled to control the switching of the switching means.
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cdhprises sai d control reans and has a control output coupled to control
the swtching of the swtchi.ng neans. 11111111 111111 111211111111111 *

C L M S * -8- 8. The arraBgement of claim6 or 7 wherein
the m croconputer has first and second inputs coupled to 5 respective ones
of the first and second anplifi.er nears._ 9. The arrangenment of claim 6

or 7 wherein Bhe ni EhScEFFANIEMERE oF clgdm ooF ddwheredd fhest and second
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to control _switching,of the se o%sytchl ng Emaans. 10. A.nethod of
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si gnal s provided by the 15 sensor between first and second anplifier neans
to provide twg pair gyl a@P&Hgfeim"eExtto%tfp%tlfaihg“%' or %ie&%iﬂ' YRS
representativeé of the twd parrs of anmplrfier output signals and comnbi ning
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Eerei& dgscri?gand.th reference to and as shown in the drawings. 30 35 * C
10, A method of processing sensor signals including the
steps of éwitching first and second siénals provided by the
N 15 sensor between first and second amplifier means to provide
- two pairs of amplifier 6utput signals, storing signals
representative of the two pairs of amplifier output signals
and combining the stored signals substantially to.cancel
amplifier offset voltages. - '
20 |
11. The method of claim 8 wherein the stored signals of
each pair are subtracted from one another within their pairs
and the results of the subtractions are combined.

25 12. A sensor arrangement substantially as herein described
with reference to and as shown in the drawings.

30
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