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pacitor and a reference capacitor. The circuit selec- tively connects
either the reference capacitoror the This invention relates to a
transmitter which  variable capacitor into a relaxation oscillator and com-
senses a parameter, such as a pressure, and provides  pares a count of the
number of pulses reduced by the an output representative of the sensed
parameter.  5   relaxation oscillator during a measurement period The
transmitteer comprises generating means    with the numberof pulses produce
during a reference coupled to sense the parameter. The generating
period. means comprise reactance means coupled to the        US-A-4187459
(Wolfendale) shows a circuit for sensed parameter. The generating means
generate a  measuring a ratio of capacitances. Switches are pro- quantity
of charge packets and provides a generator  10  vided to apply either a
positive-going rectangular signal comprising the charge packets. The
generator  wave form ora negative-going rectangular wave form signal Is
responsive to the sensed parameter. The  to one or the other of the
capacitors. Achopped V+ is transmitter further comprises measurement means
applied to one of the capacitors during a first stage, coupled to the
generating means for measuring the  and demodulates a signal derived from
that capacitor generator signal as a function of the reactance  15  by
operation of switches so that an integrated output means. The measurement
means provide a measure-   is positive during the first stage. In a second
stage, ment signal as a function of the reactance means.  the V+ supply Is
supplied to the second capacitor. The The transmitter further comprises
feedback means  demodulation Is reversed so that the signal derived coupled
to the measurement means. The feedback    from that capacitor will tend to
reduce the integrated means provide a feedback signal to the generating
20  output back towards zero. In a third stage, the V- sup- means as a
function of the measurement signal. The  ply is chopped by a switch and Is
supplied to the first feedback means provide an output signal represents-
capacitor. In stage four, the V- chopped supply is pro- tive of the
quantities of charge packets generated in  vided to a second capacitor. As
with the first two sta- a measurement interval.
ges, the demodulation provided by the switches Is re- US-A-4054833
(Briefer) discloses a capacitance  25  versed so that the signal derived
from the first capac- measuring system which Includes a sensing network
itor causes the departure of the integrator signal from with two series
capacitors, at least one of which Is a  zero, and the signal derived from
the second capac- sensor capacitor. Aswitching network and a feedback  itor
causes a return toward zero. network are coupled to the sensing network.
The      According tothe presentinvention there is provid- feedback network
generates a feedback signal repre-  30  ed a transmitter for providing an
output represents- sentative of the difference in charge stored on the
tive of a sensed parameter comprising generating series capacitors from a
predetermined value. A   means for providing a generator signal comprising
a switching network connects the feedback and sensor  plurality of charge
packets having a magnitude of networks with the feedback signal and
externally ap-  charge which is a function of the sensed parameter, plies
reference potentials throughout a cycle, and the   35  the generating means
including reactance means for average charge stored in the series
capacitors over  forming the charge packets In response to electrical each
cycle is substantially equal to the predetermined  excitation, measurement
means coupled to the gen- value.
erating means for measuring the generator signal as EP-A-0040996 (Bendix)
discloses a digital pres-  a function of the reactance means and for
providing sure measuring system having a primary pressure  40  a
measurement signal as a function thereof, the gen- transducer with a
pressure sensitive capacitor and a  erating means generating a number of
first charge pressure insensitive reference capacitor. Both of  packets
increasing the measurement of the generator these capacitors are excited by
out-phase signals and  signal In a first direction, and generating a number
of their outputs are combined at a summing junction, the  second charge
packets increasing the measurement output of which controls a counter. The
counter output  45  of the generator signal in a second direction, opposite
is converted to a non-linear negative feedback signal  the first direction
and feedback means coupled to the by a D to A converter which excites a
second pressure  measurement means for providing a control signal to
sensitive capacitor and a second pressure Insensitive  the generating means
as a function of the measure- capacitor with out-of-phase signals which are
includ-  ment signal to provide the first and second charge ed in a
feedback pressure transducer. A closed loop  50  packets so the measurement
of the generator signal is formed by applying the non-linear negative feed-
tends toward a charge balanced state and the feed- back signal appearing at
the output of the feedback  back means providing an output signal
representative pressure transducer to the summing junction. The  of the
numbers of charge packets, the transmitter counter Is incremented in a
direction to null the loops  characterized by the generating means
including such that Its output is representative of the measured   55
means for varying a level of the electrical excitation pressure.
to the reactance means as a function of the control US-A-4181460 (Dauge et
al) shows a capaci-    signal to alter magnitudes of the charge packets,
and tance measuring circuit in which there isa variable ca-  the feedback
means including adjustment means 2    



3                  EP 0 313 575 B1                 4 coupled to the
generating means for providing the  back means 50 in the transmitter. The
feedback control signal to vary the level of the electrical exci-  means 50
couple feedback signals to the generating tation to the reactance means the
adjustment means  means 11 along lines 18,30,31, 56,64,70 and 74 for
controlling the means for varying to adjust the elec-  controlling the
generation of charge packets by the trical excitation to a first level so
the reactance means   5   generating means 11. The feedback means 50 com-
provides charge packets having a magnitude as a   prise adjustment means 51
for controlling the magni- function of the first level, the adjustment
means con-  tude of the charge packets coupled on line 76. The trolling the
meansforvarying to vary the electrical ex-  adjustment means 51 couple
feedback signals CK5 citation from the first level to a second level so the
re-  and CK6 along lines 30 and 31 respectively to vernier actance means
provides the charge packets having a   10  networks 20 and 34 in the
generating means 11. The magnitude as a function of the second level,
wherein  adjustment means 51 control the vernier networks 20 the adjustment
means controls variation in the elec-  and 34 to adjust levels of
excitation and hence the trical excitation so the measurement of the
generator  magnitude of charge packets produced by generating signal first
converges on the charge balanced state  means 11. During a first time
interval, the adjustment more coarsely when the electrical excitation is at
the   15  means 51 control the generating means 11 such that first level
and next converges on the charge balanced  the generating means 11 generate
larger packets of state more finely when the electrical excitation is at
charge. The charge packets generated during the the second level, the
output signal being representa-  first time interval provide a coarse
adjustment of the tive of the numbers of charge packets provided to the
amount of charge accumulated by the measurement measurement means.
20  means 60. During a second time interval, different from the first time
interval, the adjustment means 51 IN THE DRAWINGS:
control the generating means 11 such that the gener- ating means 11
generate smaller packets of charge. FIG. 1 is a diagram of an embodiment of
a trans-  The smaller charge packets generated during the mitter according
to this invention;       25  second time interval provide a fine adjustment
of the FIG. 2 is a diagram of a first embodiment of a  amount of charge
accumulated by the measurement feedback means according to this Invention;
means 60. The generation of the larger packets of FIG. 3 is a timing
diagram corresponding to the  charge by the generating means 11 during a
firsttime feedback means of FIG. 2;                     interval followed
by the generation of smaller packets FIG. 4 is a flow chart corresponding
to the feed-  30  of charge during the second time interval causes the back
means in FIG. 2;                          accumulated charge in measurement
means 60 to FIG. 5 is a diagram of a second embodiment of a  converge to a
finely adjusted level in a short cycle feedback means according to this
invention;   time. There is a charge balancing interaction between FIG. 6
is a timing diagram corresponding to the  the generating means 11, the
measurement means feedback means of FIG. 5;                 35  60 and the
feedback means 50. The quantities or FIG. 7 is a flow chart corresponding
to the feed-  numbers of larger and smaller charge packets are back means
of FIG. 5.                          representative of the sensed parameter
p. The feed- The circuitry described herein is an improvement  back means
50 counts the numbers of smaller and to circuitry described in
International Application WO-  larger charge packets coupled from the
generating A-8 706 711 entitled "Measurement Circuit", and in-  40  means
11 to the measurement means 60 and provide corporated herein by reference.
a signal representative of the numbers of smaller and In FIG. 1, an
embodiment of a transmitter is In-  larger charge packets to an output
means 92 along dicated generally at 10. Generating means 11 in the  line
94. Theoutputmeans 92 couples an outputsignal transmitter 10 senses a
parameter "P" indicated at 12  representative of the parameter P on line 96
to read- and generate quantities or packets of charge repre-  45  out means
98. Alternatively, the output means 92 can sentative of the parameter P.
The term "packer refers  receive the output signal on line 94 and be a
means to a discrete amount of electrical charge which flows  for coupling
an analog output a serial digital output, to orfrom a capacitance when Itis
charged from a first  or a combined analog and digital output to the
readout potential to a second potential, different from the first  means
98. The vernier adjustment of excitation am- potential. The amount of
charge In a packet is propor-  so  plitudes In the generating means 11
provides a pre- tional to the capacitance and the difference between
ferred fast, accurate output on line 96. the first and second potentials.
The packets of charge  In FIG. 1, the parameter 12 such as a pressure are
coupled on line 76 to measurement means 60 in  is coupled to a capacitive
pressure sensor in a gen- the transmitter 10. The measurement means 60 ac-
erating means 11 comprising variable capacitor 14 cumulate the packets of
charge coupled on line 76  55  having a capacitance C1 and variable
capacitor 16 and provides a measurement signal "Vs" on line 90 as  having a
capacitance C2. The capacitances C1 and a function of the accumulated
charge. The measure-  C2 vary as a function of the sensed parameter P. The
ment signal on line 90 is coupled to and controls feed-  feedback means 50
couple an excitation potential 3    



5                  EP 0 313 575 B1                6 CKO varying with time
on line 18 through the vernier  a second resistive voltage divider
comprising resis- network 20 to the capacitors 14 and 16. The excita-  tors
36 and 38 coupled in series between line 32 and tion potential CKO couples
to a resistive voltage div-  the reference potential -V. The voltage
divider com- ider in the vernier network 20 comprising resistors 22
prising resistors 34 and 36 generates a fourth excita- and 24 coupled in
series between line 18 and a refer-   5   tion potential at the function of
resistors 34 and 36 ence potential -V. The voltage divider generates a  and
this fourth excitation potential varies with time in second excitation
potential at the junction of resistors  the same manner as the third
excitation potential 22 and 24 and this second excitation potential thus
CKO, but it has a magnitude which is only a selected varies with time in
the same manner as excitation po-  portion of the magnitude of the third
excitation poten- tential CKO, but it has a magnitude which is only a se-
10  tial CKO. The excitation potentials CKO and CKO pre- lected portion of
the magnitude of the excitation sig-  ferably have the same peak to peak
magnitudes. The nal CKO. Selection of the resistances of resistors 22
resistive voltage divider comprising resistors 22 and and 24 controls the
magnitude of the second excita-  24 preferably has a resistive divider
ratio that is sub- tion potential. A switch 26 couples the excitation po-
stantially the same as a divider ratio of the resistive tential CKO from
line 18 to the capacitors 14 and 16.  15  voltage divider comprising
resistors 34 and 36. The A switch 28 couples the second excitation
potential  adjustment means 51 in the feedback means 50 cou- from the
voltage divider comprising resistors 22 and  ples the signal CK5 along the
line 30 to a switch 40 24 to the capacitors 14 and 16. The feedback means
for controlling switch 40. The switch 40 couples the 50 couples a signal
CK5 along a line 30 to the switch  third excitation potential CKO to a
linearity correction 26 to control switch 26. The feedback means 50 cou-
20  capacitor 44 having a selected capacitance CLI and ples a signal CK6
along a line 31 to the switch 28 to  a linearity correction capacitor 46
having a selected control switch 28. The feedback means 50 controls
capacitance CL2. The adjustment means 51 in the the switches 26 and 28 to
conduct in a non-overlap-  feedback means 50 couples the signal CK6 along
the ping manner such that either the excitation potential  line 31 to a
switch 42 for controlling switch 42. The CKO or the second excitation
potential Is coupled to  25  switch 42 couples the fourth excitation
potential to lin- the capacitors 14 and 16 to provide excitation thereof.
earity correction capacitors 44 and 46 along line 48. Switches are
preferably MOS transmission gates.  Capacitors 44 and 46 have selected
capacitances These MOS transmission gates are designed to have  which
compensate the generating means 11 for stray a structure which provides for
very low leakage cur-  capacitances associated with capacitors 14 and 16.
rents when they are open and which transfers a mini-  30  The second
vernier network 34 thus couples either a mal amount of parasitic charge
from the gate when  coarse orafine adjusted excitation potential to the
lin- switched. Desired MOS transmission gate character-  earity correction
capacitors 44 and 46. Istics are a leakage current of less than 1 pico
ampere  Pressure sensing capacitor 14 and linearity cor- in an "off" state
and a charge transfer of less than .05  rection capacitor 44 couple along
line 52 to a switch pico coulombs when switched. Each of the switches  35
54. Feedback means 50 couples a signal CK4 along is closed to couple
signals by application of a high or  line 56 to switch 54 to control the
switch 54. Switch "1"  level, and is opened to stop coupling signals by ap-
54 couples capacitors 14 and 44 to a reference poten- plication of a low or
"0" level to the control Input or  tial Vref on line 58 such that
controlled quantities or gate of the switch. The vernier network 20 thus
func-  packets of charge are stored on capacitors 14 and 44. tions as a
vernier to provide either a large, coarse ex-  40  Capacitors 14 and 44
also couple along line 52 to a citation or a small fine excitation to the
sensing capac-  switch 62 which couples packets of charge stored on Itors
14 and 16. Larger packets of charge couple  capacitors 14 and 44 to the
measurement means 60 through capacitors 14 and 16 when switch 26 Is   along
line 76. Feedback means 50 couples a signal closed; smaller packets of
charge couple through ca-  CK1 along line 64 to switch 62 for controlling
switch pacitors 14 and 16 when switch 28 Is closed. The  45  62. feedback
means 50 thus controls the magnitude of an  Pressure sensing capacitor 16
and linearity cor- excitation potential Ve atthe junction of capacitors 14
rection capacitor 46 couple along a line 66 to a switch and 16. The vernier
adjustment of the excitation a  68. Feedback means 50 couples a signal CK3
along mplitude can be alternatively provided using a pro-  line 70 to the
switch 68 for controlling switch 68. grammable gain operational amplifier,
capacitive vol-  50  Switch 68 couples capacitors 16 and 46 to the refer-
tage divider or other means of providing coarse and  ence potential Vref on
line 58 such that controlled fine excitation under the control of feedback
means.  quantities or packets of charge are stored on capac- The excitation
potential CKO further couples  itors 16 and 46. Capacitors 16 and 46 also
couple along line 18 to an inverter 30 which couples a third  along line 88
to a switch 72. Feedback means 50 cou- excitation potential CKO to line
32.The third excitation  55  pies a signal CK2 along line 74 to the switch
72 for potential CKO Is an Inverse of the excitation potential  controlling
the switch 72. Switch 72 couples packets CKO and is coupled along line 32
to a second vernier  of charge stored on capacitors 16 and 46 to the meas-
network 34. The second vernier network 34 Includes  urement means 60 along
the line 76. 4    



7                  EP 0 313 575 B1                8 Measurement means 60
comprises an integrator  of the sensed parameter out on line 134. The feed-
78 which accumulates charge coupled from the gen-  back means 50 couples to
a 5-line data bus 94 for in- erating means  11 along line 76. Integrator 78
compris-  terfacing with a microprocessor 91 in the output es a capacitor
80 having a capacitance Ci coupled be-  means 92. The 5-line data bus 94
couples energize- tween an output and an inverting input of an amplifier
5   tion potentials on lines 136 and 138 to the transmitter 82. The
integrator 78 couples a potential VI represen-  10. The 5-line data bus
couples a chip select signal tative of accumulated charge to an Inverting
input of  on line 140 and a data clock signal on line 142for syn- a
comparator 86 along line 84. A bias generator 88 in  chronizing the
operation of a shift register in circuit the measurement means 60 is
energized from refer-  130 with the microprocessor in the output means 92.
ence potentials +V and -V and Is preferrably a CMOS   10  In FIG. 3, a
timing diagram 200 is shown which voltage divider. The bias generator 88
couples a ref-  corresponds to the first embodiment of the feedback erence
potential Vref along line 58 to a positive input  means 50 shown in FIG. 2.
During a first time interval of the comparator 88, to a positive input of
amplifier  shown in FIG. 3 the feedback signal CK5 at 201 is at 82 and to
switches 54 and 68 In the generating means  a high or "1" level, closing
switches 26 and 40, and the 11. The comparator 86 couples the measurement
sig-  15  feedback signal CK6 at 202 is at a low or "0" level, nal Vs on
line 90 to the feedback means 50. The  opening switches 28 and 42. The
vernier network 20 measurement signal Vs is Indicative of a level of  thus
provides an excitation potential Ve at a higher charge stored on capacitor
80 In integrator 78. The  magnitude as shown at 204. The excitation level
from measurement signal Vs on line 90 controls the oper-  vernier network
34 is likewise at a higher magnitude ation of the feedback means 50.
20  during the first time interval. The feedback signal CK3 In FIG. 2, a
first embodiment of the feedback  is actuated as shown at 206 to close
switch 68, thus means 50 of FIG. 1 is shown. The feedbackmeans 50  stowing
packets of charge on capacitors 16and 46. Af- comprises an oscillator 102
coupling an oscillator sig-  ter the excitation signal Ve changes polarity,
the feed- nal along a line 104 to an excitation logic circuit 106.  back
signal CK4 Is actuated as shown at 208, thus The oscillator signal clocks
circuitry in the excitation   25  closing switch 54 and storing packets of
charge on ca- logic circuit 106 to provide timing. The excitation logic
pacitors 14 and 44. After the excitation potential Ve circuit 106
couplesfeedback signals to the generating  again changes polarity, the
feedback signal CK1 is means 11 on lines 56, 84, 70, 74 and 18 which are
actuated as shown at 212 to lose switch 62 and cou- timed by the oscillator
signal and controlled by the  pie a packet of charge on line 76 to the
integrator 78. measurement output Vs on line 90 In a desired man-  30  The
integrator signal VI responds to the packet of ner. The excitation logic
circuit 106 comprises an ad-  charge as shown at 210 in FIG. 3. After the
excitation justmentmeans 51 which couplesfeedback signals to  potential Ve
again changes polarity, thefeedbacksig- lines 30 and 31. Adjustment means
51 provides selec-  nals CK2 and CK4 are actuated as shown at 214. The tion
of larger or smaller charge packets as explained  actuation of signal CK4
at 214 stores new packets of above In connection with FIG. 1. The
excitation logic  35  charge on capacitors 14 and 44; the actuation of sig-
circuit 106 couples counter control signals on lines  nal CK2 at 214
couples charge packets from capaci- 108, 110 and 112 to pulse counters 114,
116 and 118  tors 16and46.to the integrator 78.The integratorout-
respectively in the feedback means 50. The counter  put VI responds to
these packets of charge as shown control signals control the enabling and
resetting of  at 216 in FIG. 3. Charge packets from capacitors 16 the
counters 114, 116 and 118. Counter 114 is coupled   40  and 46 are then
repetitively coupled from capacitors to line 74 for counting the number of
pulses N2 on line  16 and 46 to the integrator 78 until the integrator out-
74 during the first time interval. Counter 116 is cou-  put Vi falls below
the reference level Vref as shown at pled to line 64 for counting the
number of pulses N1  218. The comparator 86 senses the integrator output on
line 64 during the first time interval. Counter 118  change shown at 218
and couples a pulse shown at is coupled to line 64 for counting the number
of pulses  45  220 to the feedback means along line 90. The feed- N3 on
line 64 during the second time interval. The  back means senses the level
change on line 90 and numbers of pulses counted, N1, N2 and N3 are to-
couples a second charge packet from capacitors 14 gether representative of
the sensed parameter. Coun-  and 34 as shown at 222. The feedback means 50
next ters 114, 116 and 118 couple signals representative of  controls
switches in the feedback means such that the numbers N2, N1 and N3 along
lines 120, 122 and   50  charge packets from the capacitor 16 and 46 are
124 respectively to a circuit 126. Circuit 126 compris-  again repetitively
applied to the integrator until the in- es a computing circuit 128 for
computing a value of  tegrator output falls below the reference level as
the sensed parameterPfrom the signals on lines 120,  shown at 224. After a
selected number (N1 + N2) of 122 and 124. The computing circuit 128 couples
a sig-  charge packets from capacitors 14, 16, 44 and 46 nal representative
of the computed value on line 132  55  have been coupled to the integrator
78 the quantity of to a circuit 130 comprising a shift register 131.
Circuit  charge coupled to the integrator 78 is coarsely bal- 130 converts
the parallel data signal on line 132 to a  anced. The feedback means then
actuates the feed- serial form and couples a serial signal representative
back signal CK6 thus ending the first time interval 5    



9               EP 0 313 575 B1                 10 and starting the second
time interval as shown at  tials and ambient temperature of the transmitter
over 228.                                              an operating range.
During the second time interval, switches 28 and  Computing means 128
calculates a signal repre- 42 are closed and hence a lower magnitude of
exci-  sentative of pressure according to Equation 4 and tation Ve as shown
at 230 is coupled to the sensing   5   couples the signal representative of
pressure on line capacitor 14 and 16 from the vernier network 20. The  132
to circuit 130. excitation provided by vernier network 34 is likewise  In
FIG. 4, a flow chart 250 illustrates an exem- at a lower magnitude. In. the
example shown in FIG.  plary sequence of operation for a transmitter 10
com- 3, the lower magnitude of excitation is shown at 230  prising the
feedback means 50 as shown In FIG. 2 and to be about 118 of the higher
level of excitation at 204.  10  corresponding to the timing diagram of
FIG. 3. At pow- During the second time interval a numberN3 of lower  er up
or START at 252, the coarse excitation mode is magnitude packets of charge
are coupled from the  first selected as shown at 254. The excitation logic
cir- capacitors 14 and 44 as shown at 232 until the charge  cult then
controls the generating means 11 so that it on the integrator is finely
balanced to near the refer-  repetitively couples charge packets from
capacitance ence level as shown at 234.                   15  Cb as shown
at 254 until the measurement signal Vs The balancing of charge at the
integrator 78 dur-  changes as shown at 256. If the number (N1 + N2) Is ing
the first and second time intervals results in a re-  less than a
preselected number M, the excitation logic lationship as shown in Equation
1 below           circuit 106 then leaves a right loop 258 and starts a
(N1)(Ca)(Ve) + (N3)(Ca)(Ve)/N = (N2)(Cb)(Ve)    left loop 260. In the left
loop 260, the excitation logic Equation 1                  20  circuit 166
controls the generating means 11 to repet- where:
Itively couple charge packets from capacitance Ca N1
=thenumberoflargerchargepacketscoupled       until the measurement output
Vs changes as shown from capacitors 14 and 44 during the first time  at
262. Interval;                                       The excitation logic
circuit 106 controls the gen- N2   = the numberof larger charge packets
coupled   25  orating means 11 so that the generating means 11 al- from
capacitors 16 and 46 during the first time  ternates between coupling
charge packets from Ca interval;                                   and
coupling charge packets from capacitance Cb N3   = the number of smaller
charge packets cou-  until the quantity (N1 + N2) equals or exceeds M as
pled from capacitors 14 and 44 during the sec-  shown at 264, at which time
the excitation logic circuit ond time interval;                      30
106 switches from the coarse excitation mode (first N    =the divider ratio
of the higher to the lower ex-  time interval) to the fine excitation mode
(second citation magnitudes;                        time interval) as shown
at 266. Ca   =C1-CL1, avalue of Cl correctedforlinearity;     During the
second time interval, the excitation Cb   = C2-CL2, a value of C2 corrected
forlinearity;  logic circuit 106 controls the generating means 11 Ve   =
the higher excitation magnitude.      35  such that smaller charge packets
are coupled from A long term average value of the numbers of    capacitance
Ca to the measurement means 60 as charge packets tends toward an accurate
value rep-  shown at 268 until the measurement output Vs resentative of the
sensed parameter because small  changes as shown at 270. The numbers NI,
N2, N3 accumulations of charge packets in the measurement  which are
obtained In this sequence are coupled to means 60 are not zeroed out and
lost at the end of a   40  computing circuit 128 and then this sequence is
re- measurement period, but are instead carried forward  peated again
starting at 272. to affect a succeeding measurement interval.         In
the embodiment illustrated in FIG. 3, the num- Equation 1 can be simplified
to form Equation 2  ber M of FIG. 4 is set to 8, and the divider ratio N is
below.                                            also set to 8. This
arrangement provides a 6-bit reso- Cb = (N1) + (N3)/(N)  Equation2       45
lution in only 10 cycles of the excitation waveform Ca        N2
whereas a similartransmitterwithout the vernierfea- in a dual plate
capacitive pressure transducer,  ture requires more than 66 cycles of the
excitation the sensed pressure P is related to the corrected sen-  waveform
to achieve this same 6-bit resolution. The sor capacitances Equation 3:
speed of the capacitance-to-digital conversion is thus [err]  Equation 3
so  enhanced by a factor of more than 6 when M and N are 8. Much larger
values of M and N can also be se- where K is a scaling factor. Equations 2
and 3 can be  lected to achieve even greater resolution. In a practi-
combined to form Equation 4:                      cal circuit, M can be set
to 256 and N can be set to [err] Equation 4        256 to achieve 16 bit
resolution in 512 cycles of the (N2) + (N1) + (N3/N)               55
excitation waveform using the vernier arrangement, Hence it can be seen
that the pressure P is de-  giving a factor of 128 improvement over a
similar cir- pendent on the numbers N1, N2, N3 and N and can   cuit without
a vernier. be substantially independent of the reference poten-  The
transmitter circuitry preferably comprises a    11                  EP 0
313 575 B1                12 



MOS integrated circuit coupling to an output circuit to  storing packets of
charge on capacitors 14 and 44. provide a preferred low power consumption.
The     The feedback signal CK1 Is then actuated at 330 clos- transmitter
circuitry has a preferred low power con-  ing switch 62. The excitation
signal Ve changes polar- sumption and can be used in a two-wire,
intrinsically  ity at 332 thus coupling a packet of charge from ca- safe
4-20 mA loop powered transmitter.        5   pacitors 14 and 44 to the
measurement means 60 In FIG. 5, a second embodiment of the feedback  along
line 76. The Integrator signal Vi increases past means 50 of FIG. 1 Is
shown. An oscillator 102 cou-  the reference voltage Vref In response to
this packet ples an oscillator signal along a line 104 to an excita-  of
charge as shown at 334. The comparator 86 senses tion logic circuit 300.
The oscillator signal clocks logic  thatthe integratorsignal VI has
increased pastthe ref- circuitry in the excitation logic circuit 300 to
provide   10  erence potential Vref and the measurement output Vs timing.
The excitation logic circuit 300 couples feed-  changes from a "1 to a "0"
as shown at 336. The back signals on lines 56, 64, 70, 74 and 18 which are
change in the measurement output Vs is coupled timed by the oscillator
signal and controlled by the  along line 90 to the feedback means 50 and
the feed- measurement output Vs on line 90 in a desired man-  back means 50
senses the change and stops cou- ner. The excitation logic circuit
comprises an adjust-  15  pling charge packets of a first polarityfrom
capacitors ment means 302 which couples feedback signals to   14 and 44 and
starts coupling charge packets of op- lines 30 and 31. Adjustment means 302
provides se-  posite polarity from capacitors 16 and 46 to the meas-
lection of larger or smaller charge packets as ex-  urement means 60. The
response of the integrator 78 plained above In connection with FIG. 1. The
excita-  to the charge packets coupled from capacitors 16 and tion logic
circuit 300 couples counter control signals  20  46 is shown at 338 in FIG.
6. The generating means on lines 304, 306 to a counter circuit 308 in a
serial  continues to provide charge packets from capacitors output circuit
310. Counter circuit 308 is coupled to  14 and 44 and from capacitors 16
and 46 as shown lines 64 and 74 for counting numbers of pulses on  in FIG.
6 until a predetermined number Ml of charge lines 64 and 74 under the
control of counter control  packets from both capacitors 14 and 44 and
capaci- signals on lines 304 and 306. The counter circuit 308   25  tors 16
and 46 have been produced. After the number couples signals representative
of the numbers of   M1 of charge packets has been produced, the feed-
pulses counted along lines 312 to a parallel Input of a  back means 50 ends
the first time interval and starts shift register circuit 314 In the serial
output circuit 310.  the second' time interval by changing feedback sig-
The shift register circuit 314 is controlled by a chip se-  nal CK5 from a
"1" to a "0" and changing feedback lect signal on line 140 and a data clock
signal on line  30  signal CK6 from a "0" to a "1" as shown at 340. Dur-
142 to couple a serial output to line 134. The serial  ing the second time
Interval the capacitors 14, 44, output on line 134 comprises a signal
representative  16, 46 receive alowerorfine excitation level from ver- of
the numbers of pulses counted on lines 64 and 67.  nier circuits 20 and 34
as shown at 342. During the The feedback means 50 of FIG. 5 couples to a
5-line  second time interval, the feedback means 50 of FIG. data bus 94 for
Interfacing with a mircoprocessor in  35  5 controls the generating means
11 to couple smaller the output means 92. The 5-line data bus 94 couples
charge packets to the measurement means 60 as energization potentials on
lines 136 and 138 to the  shown at 344 in a manner similar to the coupling
of transmitter 10. A non-volatile memory 313 can com-  larger charge
packets during the first time interval. prise constants which are
representative of the char-  After a predetermined number M2 of smaller
charge acteristics of sensing capacitors 14 and 16. The con-  40  packets
are coupled during the second time Interval, stants in memory 313 can be
coupled along a line 315  the feedback means 50 of FIG. 5 controls the
gener- to the counter circuit 308 to pre-load the counter cir-  ating means
11 to couple charge packets to the meas- cuit 308 with constants so that
counting of pulses by  urement means 78 until the measurement output Vs
counter circuit 308 is adjusted for manufacturing tol-  changes. The
integrator output Vi Is thus balanced to erances of the sensing capacitors
14 and 16.  45  near the reference level such that the integrator 78 is In
FIG. 6, an exemplary timing diagram 320 is  ready for another measurement
sequence. Numbers shown which corresponds to the second embodiment   of
charge packets coupled to the measurement of the feedback means 50 shown in
FIG. 5. During a  means 60 are counted during the measurement inter- first
time interval shown in FIG. 6, the feedback signal  val by the counter
circuit 308. The balancing of charge CK5 at 322 is at a high or "1" level,
dosing switches  50  during the measurement interval made up of a first 26
and 40, and the feedback signal CK6 at 324 is at  and second time interval
results in a relationship as a low or "0. level, opening switches 28 and
42. The  shown in Equation 5 below. vernier network 20 thus provides an
excitation poten-  [err] tial Ve at a higher magnitude as shown at 326
during the first time interval. The excitation level from ver-  55   where
nier network 34 is likewise at a higher magnitude dur-  P    is a pressure
related to corrected sensor ca- ing the first time Interval. The feedback
signal CK4 is  pacitances as shown in Equation 3 above; actuated as shown
at 328 to close switch 54, thus   N1   is the number of larger charge
packets cou- 7    13                 EP 0 313 575 B1                   14 



pled from capacitors 14 and 44 during a meas-  at 380. Charges are
repetitively coupled in this man- urement Interval;
ner until the number of fine charge packets (N3+N4) N2   is the number of
larger charge packets cou-  is equal to a second preselected number M2 as
pled from capacitors 16 and 46 during a meas-  shown at 382. Counting of
charge packets stops at urement Interval;                       5   this
point in the sequence, however, additional small- N3   Is the number of
smaller charge packets cou-  er charge packets are coupled to the
integrator to re- pled from capacitors 14 and 44 during a meas-  balance
the integrator and prepare it for the next urement Interval;
measurement cycle as shown at 384. The numbers N4   is the number of
smaller charge packets cou-  (N2-N1) and (N4-N3) are then transferred from
coun- pled from capacitors 16 and 46 during a meas-  10  ters to the high
and low bytes of the shift register re- urement interval;
spectively as shown at 386, and a new measurement 2N   Is the divider ratio
of the higherto the lower ex-  cycle is begun as shown at 388. citation
magnitudes; and                        Circuitry for the transmitter 10
preferably com- K    is a scaling factor.                         prises an
MOS integrated circuit to provide low power In a preferred embodiment the
preselected num-   15  consumption. In the example illustrated in FIG. 6,
the bers M1 and M2 and the divider ratio N are selected  selected numbers
M1=8 and M2=16 are Illustrated. A fixed numbers, and hence the denominator
of Equa-  further preferred embodiment uses selected number tion 5 is a
fixed quantity. The circuitry of feedback  M1=1 024 and M2-320 with a
divider ratio of 64 to pro- means 50 does not have to calculate pressure P
by  vide a desired 16 bits of resolution within 1500 oscil- dividing by a
denominator of Equation 5. The denom-  20  lator cycles. With 10
microsecond oscillator cycles, a inator of Equation 5 can thus be included
in a scale  measurement cycle can be completed in 15 millisec- factor K1
and P= K1 ((N2-N1) + (N4-N3)/2N). The   onds. An important improvement is
obtained over quantity (N2-N1) Is counted by a first up/down coun-  simple
single or dual slope A/D converters which ter In the counter circuit 308.
The quantity (N4-N3) Is  would require 64,000 cycles to obtain the 16 bit
reso- counted by a second up/down counter in the counter  25  lution of the
sensed parameter. circuit 308. The divider ratio N  can be selected to be
an integral number and hence the 2N denominator of the (N4-N3)/2N term In
the numerator of equation 5  Claims represents merely a shift of the
position of the binary equivalent of a decimal point. The outputs of the
first  30  1  A transmitter (10) for providing an output repre- and second
up/down counter can thus be loaded dl-    sentative of a sensed parameter
(P,12) compris- rectly into the shift register circuit 314 without the
ing: generating means (11) for providing a gener- need for any division or
other complex arithmetic cal-  ator signal comprising a plurality of charge
pack- culations in the feedback means 50 of FIG. 5. Adigital  ets having a
magnitude of charge which is afunc- word is loaded into the shift register
which has a high-  35  tion of the sensed parameter (P,12), the generat-
erorder byte representing (N2-N1) and a lowerorder   Ing means (11)
including reactance means byte representing (N4 N3)/2N.
(14,16) for forming the charge packets in re- In FIG. 7, a flow chart 360
illustrates an exem-  sponse to electrical excitation; measurement plary
sequence of operation for a transmitter 10 com-  means (60) coupled to the
generating means (11) prising a feedback means 50 as shown in FIG. 5 and
40  for measuring the generator signal as a function corresponding to the
timing diagram of FIG. 6. At pow-  of the reactance means (14,16) and for
providing er-up or start 362, the coarse excitation mode is se-  a
measurement signal as a function thereof, the lected and the counters for
N1, N2, N3, N4 are preset  generating means generating a number of first to
zero at 364. Alternatively, the counters can be pre-  charge packets
increasing the measurement of set to a non-zero value stored In
non-volatile memory  45  the generator signal in a first direction, and
gen- 313. Depending on the logic level of Vs at 366, the  erating a number
of second charge packets in- generating means couples a larger packet of
charge   creasing the measurement of the generator sig- from either
capacitance Ca or Cb to the measurement   nal In a second direction,
opposite the first direc- means. The count of either N1 or N2 is
correspond-   tion and feedback means (50) coupled to the ingly increased
by 1 for each charge packet as shown   50  measurement means (60) for
providing a control at 368, 370. Charges are repetitively coupled in this
signal to the generating means (11) as a function manner until the quantity
(N1 +N2) is equal to the pre-  of the measurement signal to provide the
first and selected value M1 shown at 372. Once the preselect-  second
charge packets so the measurement of ed value Ml is reached, the fine
excitation models se-  the generator signal tends toward a charge bal-
lected at 374. In the fine excitation mode, smaller  55  anced state and
the feedback means providing packet of charge are coupled from either
capacitance  an output signal representative of the numbers of Ca or Cb to
the measurement means as shown at 376,   charge packets; the transmitter
(10) character- 378, depending upon the logic level of Vs as shown   ized
by: 8    13                 EP 0 313 575 B1                 14 



pled from capacitors 14 and 44 during a meas-  at 380. Charges are
repetitively coupled in this man- urement interval;
ner until the number of fine charge packets (N3+N4) N2   is the number of
larger charge packets cou-   is equal to a second preselected number M2 as
pled from capacitors 18 and 46 during a meas-  shown at 382. Counting of
charge packets stops at urement interval;                       5   this
point in the sequence, however, additional small- N3   Is the number of
smaller charge packets cou-  er charge packets are coupled to the
integrator to re- pled from capacitors 14 and 44 during a meas-  balance
the integrator and prepare it for the next urement interval;
measurement cycle as shown at 384. The numbers N4   is the number of
smaller charge packets cou-  (N2-N1) and (N4-N3) are then transferred from
coun- pled from capacitors 16 and 46 during a meas-  10  ters to the high
and low bytes of the shift register re- urement interval;
spectively as shown at 386, and a new measurement 2N   is the divider ratio
of the higher to the lower ex-  cycle is begun as shown at 388. citation
magnitudes; and                        Circuitry for the transmitter 10
preferably com- K    is a scaling factor.                          prises
an MOS integrated circuit to provide low power In a preferred embodiment
the preselected num-  15  consumption. In the example illustrated In FIG.
6, the bers M1 and M2 and the divider ratio N are selected  selected
numbers M1=8 and M2=16 are illustrated. A fixed numbers, and hence the
denominator of Equa-  further preferred embodiment uses selected number
tion 5 is a fixed quantity. The circuitry of feedback  M1=1024 and M2=320
with a divider ratio of 64 to pro- means 50 does not have to calculate
pressure P by  vide a desired 16 bits of resolution within 1500 oscli-
dividing by a denominator of Equation 5. The denom-  20  lator cycles. With
10 microsecond oscillator cycles, a inator of Equation 5 can thus be
included in a scale  measurement cycle can be completed In 15 millisec-
factor K1 and P= K1 ((N2-N1) + (N4-N3)/2N). The    onds. An important
Improvement is obtained over quantity (N2-N1) Is counted by a first up/down
coun-  simple single or dual slope A/D converters which ter in the counter
circuit 308. The quantity (N4-N3) is  would require 64,000 cycles to obtain
the 16 bit reso- counted by a second up/down counter in the counter  25
lution of the sensed parameter. circuit 308. The divider ratio N can be
selected to be an integral number and hence the 2N denominator of the
(N4-N3)/2N term in the numerator of equation 5  Claims represents merely a
shift of the position of the binary equivalent of a decimal point. The
outputs of the first  30  1. A transmitter (10) for providing an output
repre- and second up/down counter can thus be loaded di-     sentative of a
sensed parameter (P,12) compris- rectly into the shift register circuit 314
without the  ing: generating means (11) for providing a gener- need for any
division or other complex arithmetic cal-  ator signal comprising a
plurality of charge pack- culations in the feedback means 50 of FIG. 5. A
digital  ets having a magnitude of charge which is a func- word is loaded
into the shift registerwhich has a high-  3 .    tion of the sensed
parameter (P,12), the generat- er order byte representing (N2-N1) and a
lower order       ing means (11) including reactance means byte
representing (N4-N3)/2N.                         (14,16) for forming the
charge packets in re- In FIG. 7, a flow chart 360 illustrates an exem-
sponse to electrical excitation; measurement plary sequence of operation
for a transmitter 10 com-  means (60) coupled to the generating means (11)
prising a feedback means 50 as shown in FIG. 5 and   40  for measuring the
generator signal as a function corresponding to the timing diagram of FIG.
6. Atpow-  of the reactance means (14,16) and for providing er-up or start
362, the coarse excitation mode is se-  a measurement signal as a function
thereof, the lected and the counters for N1, N2, N3, N4 are preset
generating means generating a number of first to zero at 364.
Alternatively, the counters can be pre-  charge packets increasing the
measurement of set to a non-zero value stored In non-volatile memory  45
the generator signal in a first direction, and gen- 313. Depending on the
logic level of Vs at 366, the   erating a number of second charge packets
in- generating means couples a larger packet of charge    creasing the
measurement of the generator sig- from either capacitance Ca or Cb to the
measurement   nal in a second direction, opposite the first direc- means.
The count of either N1 or N2 is correspond-   tion and feedback means (50)
coupled to the ingly increased by 1 for each charge packet as shown   50
measurement means (60) for providing a control at 368, 370. Charges are
repetitively coupled in this  signal to the generating means (11) as a
function manner until the quantity (N1+N2) is equal to the pre-  of the
measurement signal to provide thefirst and selected value M1 shown at 372.
Once the preselect-   second charge packets so the measurement of ed value
M1 is reached, the fine excitation modes se-  the generator signal tends
toward a charge bal- lected at 374. In the fine excitation mode, smaller
55  anced state and the feedback means providing packet of charge are
coupled from either capacitance  an output signal representative of the
numbers of Ca or Cb to the measurement means as shown at 376,    charge
packets; the transmitter (10) character- 378, depending upon the logic
level of Vs as shown    lzed by: 8    15                  EP0313575B1
16 



the generating means (11) including       8. A transmitter (10) as recited
in Claim 7 wherein means (20) forvarying a level of the electrical ex-  the
sensed parameter (P,12) is a pressure (P) citation to the reactance means
(14,16) asafunc-   coupled to the capacitive sensor (14,16). tion of the
control signal to alter magnitudes of the charge packets; and
5   9. A transmitter (10) recited in Claim 8 wherein the the feedback means
(50) including adjust-     means (20) for varying comprises divider means
ment means (51) coupled to the generating          (22,24) coupled to the
capacitive sensor (14,16) means (11) for providing the control signal to
vary  for providing the first and second levels of exci- the level of the
electrical excitation to the reac-  tation. tance means (14,16) the
adjustment means con-  10 trolling the means for varying to adjust the
elec-  10. A transmitter (10) as recited in Claim 9 wherein trical
excitation to a first level so the reactance  the means (20) for varying
further comprises means provides charge packets having a magni-
switching means (26,28) coupled to the divider tude as a function of the
first level, the adjust-  (22,24) for selectively coupling the first and
sec- ment means controlling the means for varying to  15  ond levels of
excitation to the capacitive sensor vary the electrical excitation from the
first level to  (14,16). a second level so the reactance means provides the
charge packets having a magnitude as a      11. A transmitter (10) as
recited In Claim 10 wherein function of the second level, wherein the
adjust-  the generating means (11) further comprise cor- ment means
controls variation in the electrical  20  rection means (34,44,46) coupled
to the reac- excitation so the measurement of the generator     tance means
(14,16) for correcting forstray reac- signal first converges on the charge
balanced      tance. state more coarsely when the electrical excitation Is
at the first level and next converges on the  12. A transmitter (10) as
recited in Claim 11 wherein charge balanced state more finely when the
elec-  25  the feedback means (50) comprises counter trical excitation Is
at the second level, the output  means (114,116,118,308) coupled to a
feedback signal being representative of the numbers of      signal for
counting a number of charge packets charge packets provided to the
measurement         coupled to the measurement means (60) during means.
a time interval. 30 2. A transmitter (10) as recited in Claim 1 wherein
13. A transmitter (10) as recited in Claim 9 wherein the means (20)
forvarying couples a first level of  the output is a function of the number
of charge excitation to the reactance means (14,16) during   packets
coupled from the generating means (11) a first time interval and couples a
second level of  to the measurement means (60) during the first excitation,
different from the first level, to the re-  35  and second time intervals.
actance means (14,16) during a second time In- terval, different from the
first time interval.  14. A transmitter (10) as recited in Claim 13 wherein
the output P is calculated substantially by the 3. A transmitter (10) as
recited In Claim 2 wherein   feedback means (50) the excitation is
cyclical.                40              P = K (N2) - (N1) - (N3/N) (N2) +
(N1) + (N3/N) 4. A transmitter (10) as recited in Claim 3 wherein    where
K is a proportionality constant, N is a div- the first time interval
comprises a selected num-  ider ratio of the divider means (22,24), N1 and
N2 ber of cycles of the excitation.                   are numbers of charge
packets coupled to the 45      measurement means (60) during the first time
in- 5. A transmitter (10) as recited in Claim 4 wherein   terval and N3 is
a number of charge packets cou- the second level of excitation has a
smaller mag-  pled to the measurement means (60) during the nitude than the
first level of excitation.         second time Interval. 6. A transmitter
(10) as recited in Claim 5 wherein  50  15. A transmitter (10) as recited
in Claim 13 wherein the second level of excitation is coupled to the re-
the output P is calculated byfeedbackmeans (50) actance means (14,16) for
balancing the charge     substantially as coupled during the first time
Interval.                     [err] 7. A transmitter (10) as recited in
Claim 6 wherein  55  where K is a proportionality constant, [err] Is a div-
the reactance means (14,16) comprises a capac-     ider ratio of the
divider means (22,24), N1 and N2 itive sensor (14,16).
are numbers of charge packets coupled to the measurement means (60) during
a first time In- 9    17                 EP 0 313 575 B1
18 terval and N3 and N4 are numbers of charge         packets to the charge
accumulator so the charge packets coupled to the measurement means (60)
in the charge accumulator passes the charge bal- 



during the second time interval.                   ance state in the first
direction, and transferring a number of fourth charge packets to the charge
16. A transmitter (10) as recited in Claim 15 wherein   5  accumulator
until the charge In the charge accu- the quantity (N1+N2) + (N4+N3/2N) is
controlled    mulator passes the charge balance state in the to a selected
fixed value by the feedback means    second direction, opposite the first
direction; (50) such that the output is computed by count-         counting
the numbers of first, second, Ing.
third and fourth charge packets which are trans- 10     ferred to the
charge accumulator during a plural- 17. A transmitter (10) as recited in
claim 9 wherein  ity of measurement cycles; and the output Is a 4-20
milliampere current.               providing the output signal based on the
counted numbers. 18. A transmitter (10) as recited In Claim 17 wherein the
transmitter (10) Is energized by the output  15 current.
Patentansprilche 19. A transmitter (10) as recited in Claim 1 wherein  1.
Ein Sender (10) zum Erzeugen elnes Ausgangs- the transmitter (10) is
energized by a two-wire    signals eines erfaBten Parameters (P,12),
derfol- loop and provides a digital output to the loop.  20  gendes
aufwelst elne Erzeugungsvorrichtung (11) zum Erzeugen alnes
Generatorsignals, das 20. A method of providing an output signal which Is a
elne Vieizahl von Ladungspaketen mit elner Gr8- function of a sensed
parameter, the method com-   Be der Ladung aufweist, die elne Funktilon des
er- prising:                                          fasten Parameters
(P,12) ist, wobel die Erzeu- during each of a plurality of measurement  25
gungsvorrichtung (11) elne Reakdanzvorrichtung cycles:
(14,16) zum Ausbilden der Ladungspakete an- using reactance means having a
first exci-   sprechend auf elektrische Erregung urnfat; elne tation level
applied thereto to form first charge  Meivorrichtung (60), die mit der
Erzeugungsvor- packets of first polarity having a charge magnl-  richtung
(11) gekoppelt ist, zum Messen des Ga- tude which is a function of the
sensed parameter  30  neratorsignals als aha Funktion der Reaktanz- and the
first excitation level;                    vorrichtung (14,16) und zur
Erzeugung eines using reactance means to form second         MeBsignals als
eine Funktion davon; wobei die charge packets of second opposite polarity
hav-    Erzeugungsvorrichtung elne VieIzahl von ersten ing a charge
magnitude which is a function of the  Ladungspaketen erzeugt, die die
Messung des first excitation level and the sensed parameter,   35
Generatorsignals in aine erste Richtung erh6- transferring a number of the
first charge    hen, und elne Vlelzahl von zweiten Ladungspake- packets to
a charge accumulator so charge in the   ten erzeugt, die die Messung des
Generatorsi- charge accumulator exceeds a charge balance        gnals In
eine zwelte Richtung erhohen, entge- state in a first direction, and
transferring a num-  gengesetzt der ersten Richtung, und mit elner ber of
second charge packets to the charge ac-  40  Ruckkopplungsvorrichtung (50),
die mit der MeB- cumulator until the charge in the charge accumu-
vorrichtung (60) zum Zufflhren elnes Steuersl- lator passes the charge
balance state In a second  gnals zur Erzeugungsworrichtung (11) als olne
direction;                                         Funktion des MeBsignals
gekoppelt 1st, urn die er- the method characterised by:
stan und zweiten Ladungspakete zu erzeugen, changing the excitation level
applied to the   4s  so dall die Messung des Generatorsignals zu el-
reactance means to a second different excitation   nem ausgeglichenen
Ladungszustand nelgt und level;
wobel die Rackkopplungsvorrichtung ain Aus- using the reactance means to
form third      gangasignal erzeugt, das die Anzahl an Ladungs- charge
packets of the first polarity having a      paketen wledergibt, wobel der
Sender (10) da- charge magnitude which Is a function of the   so   durch
gekenazelchnet let, deA: sensed parameter and the second excitation lev-
die Erzeugungsvorrichtung (11) aine Vorrichtung el;
(20) umfe~t, um sin Niveau der elektrischen Er- using reactance means to
form fourth         regung zu der Reaktanzvorrichtung (14,16) als charge
packets of the second polarity having a     alne Funktion des Stauersignals
abzuandern, um charge magnitude which is a function of the seoa-  a  die
GrWSen der Ladungspakete zu andern; und ond excitation level and the sensed
parameter,     die Rfckkopplungsvorrichtung (50) alne Einstell- and
vorrichtung (51) umfaUt die mit der Erzeugungs- transferring a number of
the third charge    vorrichtung (11) gekoppelt ist, zur Erzeugung des 10
19                 EP 0 313 575 B1                 20       1 Bill iflII
HiI 311 111 1 Steuersignals, um das Niveau der elektrischen     zeichnet,
dae der erfalte Parameter (,12) ein Erregung zu derReaktanzvorrichtung
(14,16) ab-    Druck (P) Ist, der mit dem kapazitiven Sensor zuandern,
wobei die Einstellvonrichtung die Ab-   (14,16) gekoppelt bt. 



inderungsvorrichtung steuert, um die elektri- sche Erregung auf sin erstes
Niveau elnhustel-   6   9. Sender (10) nach Anspruch 8, dadurch gekenn-
len, so dal die Reaktanzvorrichtung Ladungspa-    zeichnet, daB die
Abanderungavorrichtung (20) kete erzeugt, di elne GrOfe als eine Funktilon
ehne Tellervorrichtung (22,24) aufweist, die mit des ersten Niveaus
aufweisen, wobei die Ein-      dem kapazitiven Sensor (14,18) gekoppelt lst
um steiivorrichtung  die Abanderungsvorrichtung      das erste und zwelte
Erregungsniveau zu erzeu- steuert, um die elektrtsche Erregung vom ersten
10  gen. Niveau auf eh zweites Niveau abzuandern, so daB die
Reaktanzvorrichtung bewirkt, dam die La-  10. Sender (10) nach Anspruch 9,
dadurch gekenn- dungspakete eine GrWfe als esne Funktion des      zelchnet,
daR die Abanderungsvorrichtung (20) zwelten Niveaus aufwelsen, wobel die
Einatell-    welterhin ehne Schaltvorrichtung (26,28) auf- vorrichtung die
Abinderung bel der elektrischen  fS  welst, die mit dem Teller (22,24)
gekoppelt let, um Erregung steuert, so daB sich die Messung des
wahlwelse das erste und zweite Erregungani- Generatorsignals dem
ausgeglichenen Ladung        veau mit dem kapazitiven Sensor (14,16) zu
kop- szustand zuerst grober annahert, wenn sich die    pein. elektrische
Erregung auf dam ersten Nlveau be- findet, und sich dann dam ausgeglichenen
La-  20  11. Sender (10) nach Anspruch 10, dadurch gekenn- dungszustand
genauer annihert, wenn sich die      zelchnet, dae die
Erzeugungsvorrichtung (11) elektrische Erregung auf dam zweiten Niveau be-
weiterhin sine Korrekturvorrichtung (34,44,48) findet, wobel das
Ausgangssignal die Anzahl der   aufweist, die mit der Reaktanzvonrichtung
Ladungspakete wiedergibt, die der Mefivorrich-    (14,16)
gekoppeitist,umStreu-Reaktanzzukor- tung zugef0hrt werden.
25      rigteren. 2. Sender (10) nach Anspruch 1, dadurch gekenn-   12.
Sender (10) nach Anspruch 11, dadurch gekenn- zeichnet, daB die
AbAnderungsvorrichtung (20)     zeichnet, dag die Ruckkopplungsvorrichtung
wahrend eines ersten Zeltintervalls ein rstes Er-  (50) sine
Z7hivorrichtung (114,116,118,308) auf- regungsniveau mit der
Reaktanzvorrichtung   so    weist, die miteinem ROckkopplungasignai gekop-
(14,16) koppelt und wahrend eines zweiten Zeit-   pelt bst, um eine Anzahl
an Ladungspaketen zu Intervalls; des sich vom ersten Zeltintervall unter-
zahlen, die wahrend eines Zeltintervalls der MeD- scheidet, sine zweltes
Erregungsniveau, das sich  vorrichtung (60) zugeleltet werden. vom ersten
Niveau unterscheldet, mit der Reek- tanzvorrichtung (14,16) koppelt.
35  13. Sender (10) nach Anspruch 9, dadurch gekenn- zeichnet daB das
Ausgangssignal sIne Funktion 3. Sender (10) nach Anspruch 2, dadurch
gekenn-      der Anzahl an Ladungspaketen Ist, die withrend zelchnet, daB
die Erregung zyklisch ist.          des ersten und zweiten Zeltintervalls
von der Er- zeugungsvonichtung (11) der Meivorrichtung 4. Sender (10) nach
Anspruch 3, dadurch gekenn-  40  (60) zugeleltet werden. zeichnet, daB des
erste Zeltintervall eine ausge- wihite Anzahl an Errmgungszylden aufwelst.
14. Sender (10) nach Anspruch 13, dadurch gekenn- zeichnet, dae des
Ausgangasignal P Im wesent- 5. Sender (10) nach Anspruch 4, dadurch gekenn-
lichen durch die Rflckkopplungavorrichtung (50) zeichnet, daB des zweite
Erregungsniveau nied-  45  berechnet wird riger ist als das erste
Erregunganiveau.                 P = K (N2) - (N1) - (N31N) (N2) + (N1) +
(N31N)' 6. Sender (10) nach Anspruch 5, dadurch gekenn-      wobel K elne
proportbonalitatskonstante, N eln zelchnet, daB des zwelte Erregungsniveau
mit      Tellungsquotlent der Tellervorrdchtung (22,24), der
Reaktanzvorrchtung (14,18) gekoppelt ist,  50  NI und N2 Anzahlen an
Ladungspaketen, die um die wahrend des ersten Zeitintervalls gekop-
wahrend des ersten Zeitintervalls der Memvor- pelt Ladung auszugleichen.
richtung (60) zugelelbtt werden, und N3 sine An- zahl an Ladungspaketen
Ist, die wahrend des 7. Sender (10) nach Anspruch 6, dadurch gekenn-
zwelten Zeltintervalls der Mefvorrichtung (60) zeichnet, daB die
Resaktanzvorrichtung (14,16)  55  zugeleitet werden. einen kapazitiven
Sensor (14,16) aufwelst. 15. Sender(10) nach Anspruch 13, dadurch gekenn-
8. Sender (10) nach Anspruch 7, dadurch gekenn-      zelchnet, daB des
Ausgangesignal P durch die 11    21                EP O 313 575B1i
R~c~kkoppiungsvolichtun9 (50) im wesenitlichenl  wobei das Verfahren
gekennzeichnet ist durch: als
den Wechsel des auf die Reaktanzvorrihtulg Pa=s(2 - NI) + (h4 - N3)12N
aufgebrachten ErregungsnlVeaus zu eninm zwei- p = K  IN1 + N2) + (N4 +
N3)12N      ten anderen Erregungsniveau 



berechnet wird, wobel K eine Proportbnaiitats    5  die Verwendung der
ReaktaWzorrichtung zur konstante, 2N ain Teilungsquotient der Teilervor-
Ausbildung driter iadungspakebe mit der ersten richtung (22,24), NI und N2
Anzahlen an La-      Podaritat, die edne LadungsgroBe aufweisen, die
dungspaketen, die wahrend eines ersten Zeitin-   elne Funktion des erfaaten
Parameers und des tervaits in die Meworrnchtuing (60) elngekoppeIt  zweiten
Erregungsniveaus Ist, warden, und N3 und N4 Anzahlen an Ladungspa-  10  die
Verwendung der Reaktanzvorrichtung zur keten siun,  die wahrend des zwetena
ZeLtinter-  Ausbildung vibrter Ladungspakete mit der zwel- vall s inds die
wM hrendvo deszwene(60) eintper-  btn Potaritfit, die elne LadungsgrIle
aufweisen, veis in dieg e.voichtung (60) eingekOPPeet        die amne
Funktion des zweiten Erregungsniveaus und des erfabten Parameters Ist; und
16. Sender (10) nach Anspruch 15, dadurch gekennfl-  15  die Obertragung
einer Anzahl von dritten La- zeichnet, dea die Menge (N1 eN2) + (N4+N312N)
dungspaketenf auf den Ladungsakkumulator, so bis zu elnem gewahiten festbn
Wert durch die    -daBdie LadunguimLadug6kkumuiatcrdenau
Mcickoppiungsvorrichtung (50) gestauert wird,    geglicheflen
Ladungszustand In derertern Rich- so daB dasu5gangssignaldurch Zahlen
berech-      tung Obersteigt, und ObertregUfg ener Anzahl net wird.
20      von vierten Ladungspaketen auf den Ladungsak- kumutetor bis die
Ladung im Ledungsakkumula- 17. Sender (10) nach AnsPruch 9, dadurch gekenn-
tar den ausgegigCherlen Ladungszustand In der zeichnet, daB das
Ausgangssignal Sin 4-20 Mliii-  zweiten RichtungfOberstelgt,
entgegengesetztzu amperestrom ist.                                 der
ersten Richtung; 25      des Zahlen der Anzahl an ersten, zweiten, drittn
18. Sender (10) nach Anspruch 17, dadurch gekennit-  und vierten
Ladungspaketbn, die wfhrend einer zeichnet, daB der Sender (10) durch den
Aus-     Vioizehi von Meizytden auf den Ladungsakku- gangsstrom erregt
wird.                          mulator fibertragen werden; und das Erzeugen
des Ausgangslignals, des auf der 19. Sender (10) nach, Anspruch 1, dadurch
gekenn-  30  gezahlten Anzahl basiert. zeichnet, da% der Sender (10) durch
eine Zwei- draht-Schleife erregtwird und derSchleife el di- gitales
Ausgangssignal zufuhrt.               Revendlcatlons 20. Ein Verfahren zur
Erzeugung eines Ausgangssi-  35  1. Emettbur (10) pour la fourniture d'une
sortie re- gnels, des eine Funitioaneines erfaBteu Parame-  prosentative
dun parametre dcltect6 (P, 12) ters 1st, wobesi ds  Verfhren folgendes
aufwelst:  comprenant un moyen genprateur(11) pourfour- wahrend jedes elner
VieIzahl von MeBzyWen:       nir un signde  de generabur comprenant une
plu- Verwendung elner Reaktanzvorrichtung mit ei-     ralitr e paquets de
change ayant une vlteur de nem ersten darauf eufgebrachtbn Erregungsni-  40
charge qui est fonction du parametre daenct (P. -      veau, zur Ausbildung
erser  Ladungspakete mit     12), le moyen genbrateur (11) camprenant un
erster Palarita, die eine A  adungsgrFe aufwet-  mayen a reactance (14, 16)
pour former les pa- sen, de eine Funktlon des erfaBten  Parameters   quets
de charge en reaction a une excitation und des ersten Erregungsniveaus ist;
lectrique; un moyen de mesure (60) relie au Verwendung einer
REigutansnivoechtung zur Aus-  45  moyen generateur (11) pour mesurer le
signal de bildung zweier Ladungspakete mit zweiter ent-    generateur en
fonction du moyen a  reactance gagengesetzter Polaritat, die elne
Ledungsgrbe   (14, 16) at pour fournir un signal de mesure en aufwelsen,
dle sine Funktion des ersten Erre-    fonctlon de ceiul-cn le moyenr
generateur gbne- gungsniveaus unid des erfaBten Parameters Ist;   rent un
certain nombre de premiers paqults de Obertragung einer Anzahl von ersen i
adungs-  50  charge augmentant la masure du signal de gene- paketn auf
einen i     vongkator so d            rateur dens une premlere direction,
et genorant die Ladung im augslkmuaorleausge-                un certain
nombre de douxlemes paquiets de glicheleen Ladunlgszustand in einer ersten
Rich-  charge eugmentantlIa mesure du signal de gbnbA- tung  uberstigt, und
Obertragung elner Anzahl    rateur dans une deuxlmedirectin,opposeeala von
zweiten adungpaketen eauf einen Ladungs-  55  premlere direction, et un
moyen de rbtroactlon akkumulator, bis die Ladung im Ladungsakumu-     (50)
couplenau moyen" de mesure (60) pourfournir lator den ausgeglichanen
Ladungszustand in ei-   un signal de commande au moyen gbnbrateur ner
zwelten Richtung Olbestelgt;                 (11) en fonction du signal de
mesure afin de four- nor zweten F'Jhtung Oerste12    . ... ........ .... .
I . .1   1 1 1 1 1 111 1  . .11 1 1 1 1 23                 EP 0 313 575 B1
24          c   L  M   S nir les premiers et lea deuxibmes paquets de   6.
Emetteur (10) solon la revendication 5, dans le- charge de tollo maniere
quo la mosure du signal   quel le deuxieme niveau d'excitation eat appliqu6
de generatour tondo vers un etat d' quliibre de   au moyen A reactance (14,
16) afin d'equilibrer la charge et le moyen de retroaction fournissant un
charge appliqu6e pendant le premier Intervalle 



signal de sortie representatif des nombres de pa-   c  de tomps. quets de
charge, I'6mettbur(1 0) 6tant caract6ris6 en ce quo:
7. Emettour (10) selon la revendlcation 6, dans le- le moyen g6n6rateur
(11) comprend un         quel le moyen A r6actance (14, 16) comprend un
moyen (20) pour falre varier un niveau de lexci-  capteur capacitif (14,
16). tation 6lectrique du moyen A r6actance (14, 16)  10 en fonction du
signal de commando pour faire va-  8. Emetteur (10) selon la revendication
7, dana le- rer la valeur des paquets de charge, et           quel l.
parametre d6toct6 (P. 12) est une pression le moyen de retroaction (50)
comprenant      (P) appliqu6e au capteur capacitif (14, 16). un moyen
d'aJustement (51) relil au moyen g6n6- ratour (11) af In de fournir le
signal de commande   1S  9. Emettbur (10) selon Is rovendication 8, dans
le- destin6 A faire varier le niveau de lIexcitatlon  qual le moyen de
variation (20) comprend un electrique du moyen A reactance (14, 16), le
moyen de division (22, 24) appilqud au capteur moyen d'ajustement
controlant le moyen de va-     capacitif (14, 16) aftn de fournir lea
premier et riation afin d'ajustbr l'excitation 6lectrique A un  deuxieme
niveaux d'excitation. premier niveau, de sorte quo le moyen a r6actan-  20
ce tournisse des paquets de charge ayant une   10. Emetteur (10) selon la
revendlcation 9, dans le- valeur qui eat fonction du premier niveau, le
quel le moyen de variation (20) comprend, en ou- moyen d'ajustement
controlant le moyen de va-     tre, un moyen do commutation (26,28) rWlMl
au di- nation afin de faire varier l'excitation 6lectrique  viseur (22, 24)
pour appliquer de maniere sblec- du premier niveau vers un deuxibme niveau,
de   25  tive les premier et deuxilme niveaux d'excitation sorte que le
moyen A reactance fournit lea pa-    au capteur capacitif (14, 16). quets
de charge ayant une valeurqul soitfonction du deuxilme niveau, dans lequel
le moyen de va-  11. Emetteur (10) salon la revendicatlon 10, dane le-
ration commande lavariation de l'excitation alec-  quel le moyen gbnerateur
(11) comprend, en ou- trique, do telle sorte quo la mesure du signal de
30  tre, un moyen de correction (34,44,46) couplb au gbnerateur converge
d'abord plus grossierement    moyen A rbactance (14, 16) atin de corriger
Ia vers l etat d'equilibre de charge lorsque l'excita-  rbactance parasite.
tion electrique eat au premier niveau et converge ensuite plus finement
vers I'etat d'bquilibre de  12. Emetteur (10) selon la revendicatlon 11,
dans le- charge lorsque l'excitation electrique eat au   35  quel le moyen
de rbtroaction (50) comprend un deuxieme niveau, le signal de sortie btant
reprb-  moyen decomptage (114, 116, 118, 308) couplb sentatif des nombres
de paquets de charge four-   a un signal de rltroactlon afin de compter un
nis au moyen de mesure.                           nombre de paquets de
charge appliqubs au moyen de mesure (60) pendant un Intervalel de 2.
Emetteur (10) selon la revendication 1, dans le-  40  temps. quel le moyen
de variation (20) applique un pre- mier niveau d'excitation au moyen A
reactance  13. Emetteur (10) selon Ia revendlcation 9, dans le- (14, 16)
pendant un premier intervalle de temps   quel la sortie eat fonction du
nombre de paquets et applique un deuxibme niveau d'excitation, dif-  de
charge appliques par le moyen gbnbratbur fbrent du premier niveau, au moyen
A rbactance  4A  (11) au moyen de mesure (60) pendant lea pre- (14, 16)
pendant un deuxilme Intervalle de        mier et deuxieme intervales de
temps. temps, diffbrent du premier intorvalle de temps. 14. Emetteur (10)
selon la revendication 13, dans l- 3. Emetteur (10) selon la revendication
2, dans le-   quel Ia sortie (P) eat calculbe en substance parle quel
l'excitation eat cyclique.           50      moyen de rbtroaction (50) P
=KOM2 - i1l) - 4. Emettour (10) selon la revendication 3, dans le-
(N2) + (NI1) + (N31 quel le premier intervalle de temps comprend un   ob K
est une constane do proportionnalitb, N eat nombre salectionne de cycles
d'excttation.        un rapport de division du moyen de division (22, 6s
24), NI et N2 sont des nombres de paquets de 5. Emetteur (10) selon la
revendication 4, dans le-  charge appliqubs au moyen de mesure (60) pen-
quel le deuxieme niveau d'excitation a une valour  dant le premier
intervalle de temps et N3 eat un plus faible queo e premier niveau
d'excitation.   nombre de paquets de charge appliqubs au 13    25
EP 0 313 575 B1                2B    1 11111111111111111111 11 111 moyen de
mesure (60) pendant le deuxibme In-     quets de charge vers un
accumulateur de char- tervalle de temps.                               ges
jusqu'A ce quo la charge dans l'accumulateur de charges d6passe un
etatd'equilibre de charge 15. Emetteur (10) selon la revendication 13, dans
le-  dane une deuxieme direction; 



quel Ia sortie (P) est calcuiee en substance par le   5  le procedb etant
caract6ris6 par: moyen de retroaction (50) de la faon sulvante        le
changement du niveau d'excitation ap- *  P = KN2 - NI) + (N4 - N3)12N
pliqu6 au moyen A r6actance vers un deuxieme (N2 + N1) + (N4 + N3)/2w
niveau d'excitation different od Kestdune constanted proportlonnalitd, 2N
est       l'emplol d'un moyen A reactance pour for- un rapport de division
du moyen de division (22,  10  mer des troisibmes paquets de charge de l
pre- 24), NI et N2 sont des nombres de paquets do     mlere polarite ayant
une valeur de charge qul est charge appliquds au moyen de mesure (60) pen-
une fonction du parambtre d~tectb et du deuxib- dent un premier intervalle
de temps et N3 et N4  me niveau d'excitation; sont des nombres de paquets
de charge appli-          I'emploi du moyen A reactance pourformer ques au
moyen de mesure (60) pendant le  15      des quatriemes paquete de charge
de deuxteme deuxieme intervalle de temps.                    poiarlte ayant
une valour de charge qul eat une fonction du deuxieme niveau d'excitatlon
et du 16. Emetteur (10) solon la revendication 15, dans le-  paramAtre
ddtect6, et quel la quantitt (N1.N2) + (N4+N3)12N est reg!e       le
transfert dun certain nombre de trodsie- A une valour selectionnee par le
moyen de re-  20  mes paquets de charge vers l'accurmulateur de troaction
(50), de telle sorte quo la sortie solt cal-  charges, de teile sorts quo
la charge dans l'accu- culee par comptage.
mulateur de charges dbpasse I'etat d'6qullbre de charge dans la premiere
direction, et le transfert 17. Emetteur (10) solon la revendicatlon 9, dans
le-  d'un certain nombre de quatribmes paquets de quel la sortie eat un
courant de 4-20 milliampb-  25  charge dens l'aocumulateur de charges
jusqu'a res.                                             ce quo la charge
dans Iaccumulateur do charges depasse l'etat d'quillibre de charge -dans la
18. Emetteur (10) solon la revendication 17, dane le-  deuxieme direction,
opposAe a la promlere direc- quel !'emetteur (10) est excite par le courant
de  tion; sortie.                                  30           le comptage
des nombres de premiers, deuxilmes, troislemes et quatriemes paquets de 19.
Emetteur (10) solon la revendication 1, dans le-  charge transferfs vers
I'accumulateur de char- queo l'emetteur (10) eat excite par une boucle A
gee pendant une pluralit de cycles de mesure; et deux file et fournit une
sortie numerique a la bou-   la fourniture du signal de sortie sur la base
cie.                                     35      des nombres comptes. 20.
Procede pour fournir un signal de sortie qul soit fonction du parambtre
detecte, le procid comprenant; pendant chaque cycle d'une plurallte de  40
cycles de mesure: I'bmploi d'un moyen A reactance auquel un premier niveau
d'excitation est applique afin de former des premiers paquets de charge
d'une premibre polarite ayant une valeur de charge qui  45 est fonction du
parametre detecte et du premier niveau dexcitation; I'emplol d'un moyen A
reactanc atfin de former des deuxiemes paquets de charge d'une deuxibme
polaritM oppos6o ayant une valour de  5o charge qui est fonction du premier
niveau d'excl- tation et du parametre detecte; le transfert d'un certain
nombre des pre- miers paquets de charge vers un accumulateur de charges, de
tile sorts quo la charge dans 'ac-  55 cumulateur de charges depasse un
btat d'equill- bre de charge dane une premibre direction, et le transfert
d'un certain nombre de deuxiemes pa- 14    


