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PROCESS CONTROL TRANSMITTER
BACKGROUND OF THE INVENTION

_ ' The present invention rélates to a process
control transmitter having ‘an analog to digital

converter providing a digital representation of a sensor

input signal. More specifically, the present invention“
relates to a process control transmitter having a sensor

producing a sensor signal representative of a sensed

parameter'which;is converted into digital representation
of the Isensbr _signal The sensor signal is
representative of a sensed parameter. ' ' t

Transmltters in the process control 1ndustry

'typlcally communicate with a controller over the same

two wires from which they receive power. A transmitter

‘receives commands from a controller and sends output

signals representative of a sensed physical parameter
back to the'contrdller. A commonly-used method'is a
current loop where the sensed parameter is represented
by a current varylng in magnitude between 4 and 20 mA.
The transmltter includes a sensor for sens1ng
a phys1ca1 parameter related to a process The sensor:
outputs an analog s1gnal which is representatlve of one
of several varlables, depending on the nature of the
process to be controlled. These variables'inciude, for

example, pressure,_temperature, flow, pH, turbidity and .

gas concentration. Some Variables-have a very large
dynamic range such ‘as flow rate where the signal
amplitude of the_senser oﬁtput changes by a factor of
10,000. o
'An analog to digital converter in the
transmitter'_converts the analog sensor signal to a
digital representatidn'of the sensed physicai'parameter

for subsequent analysis in the transmitter or for
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transmission to a remote location. A mlcroprocessor
typlcally compensates the sensed and dlgltlzed 51gna1
and an output circuit in the transmltter sends an output

-representatlve of the compensated phys1cal parameter to .
the remote locatlon over the two wire loop. The

phys1cal parameter is typically updated only a few times
per second, depending on the nature of the process_to be
controlled, and the analog' to digital converter is
typlcally requlred to have 16 bltS of resolutlon and a

: 10W SenSJ.thltY to noise.

- Charge balance converters are wused  in
transmltters to prOV1de analog to digital convers1ons
One such converter is described in U.S. Patent ‘No.

5,083,091 entitled "Charged Balanced Feedback

Measurement Clrcult" which issued January 21, 1992 to
Frick et al. Sensors in such transmitters prov1de a
1mpedance whlch. varies in response to the process

'.varlable. An output from: the impedance is converted by

the charged balance  converter into a digital
representation of the impedance. This digital
representation can be transmitted across an isolation
barrier which isolates-the sensor circuitry from the
other transmitter circuitry} Charge balance converters

are a type of sigma-delta (Z4) converter. The output of

‘such a converter is a serial bit stream having a width
"of 1 bit. This 1 bit wide binary signal contains all of

the information'necessary to'digitally'represent the
amplitudeland7frequency of the output signal from the |
sensor - impedance. The serial format . of the output_is.
well suited for transmission across the isolation

. barrier. The 91gma -delta converter also provides a hlgh
resolutlon output with a low susceptibility to noise.
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SUMMARY OF THE INVENTION _
- The present 1nventlon prov1des a technique for

mult:Lplex:Lng more than one signal -onto an analog to
digital converter in a transmitter for a process control

‘system. These signals may be the outputs from a process
variable sensor, a reference, or other sensors used for

compensation. ‘In general, these signals are referred to

~as sensed parameters. The transmitter includes input/
- output circuitry for coupling to a process control loop:

A first sensor has a first impedance which varies in

_response to a. sensed parameter, for example a pro'cess

varlable of the process. A second sensor has a second
impedance which varies. in response to another sensed

'_ parameter A first exc:.tat:.on 51gnal is provx.ded to the

first sensor and a second exc1tat10n signal is prov:Lded
to the second_s_ensor. Outputs from the first and second _

sensors are. responsive to the first and second

excitation signals and sensed parameters. ' A summing

node sums the outputs from the first and second sensors.

An analog to digital converter converts the summed
signals into a digital format. Digital signal .
process:.ng circuitry extracts the sensed parameters from .
the dlgltal output of the analog to digital converter.
The - dlgltal s1gna1 processing circuitry provides an

'outp_ut based upon the sensed parameters, to the.

input/output circuitry for transmission over the process
control loop. | ' '

'BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a s1mp11f_1ed block diagram of a

transmitter in accordance with one embodiment of the

_present invention.

'Figure 2 is a more deta:Lled block dlagram of
the transm:.tter of Flgure 1 showing s:.gnal convers:.on K

- c:chuJ.try in accordance with one embodlment
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Flgure 3 is a vector dlagram show1ng outputs
for two capac1tor sensors. _
Figure 4 is a 51mpllf1ed schematlc dlagram in

 accordance wlth another embodiment of the invention.

Figure 5A is a graph of amplitude versus time

of a distorted sinusoidal waveform for use with the

present invention. .
Figure 5B is a graph of amplitude versus time
for'a.dlstorted s1nusolda1 waveform shlfted 90° relat1ve
to che waveform of Figure 5A. '
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Flgure 1 is a simplified block dlagram of a

'transmltter 10 in accordance with one embodiment of. the

present invention coupled to process control 1oop_12nat
connection terminals 14. Transmitter 10 includes
measurement - circuitry 16 and sensor circuitry 18.
Measurement cifcuitry 16 couples tO'two—wire_loop'lz and

~is used for sending and receiving information on loop .

12. Measurement'circuitry 16 also includes circuitry
for prov1d1ng a power supply output for transmltter 10
which 'is generated from 1oop current I flow1ng through
loop 12. In one embodiment, measurement c1rcu1try 16 -
and sensor circuitry 18 are carried in -separate
compartments in transmitter 12 and electrlcally isolated -
by isolator 20. Isolator 20 is an 1solatlon barrlerj
required for electrically grounded = sensors. Sensor
circuitry 18 includes a sensor {showh as impedance) 22
which has a plurality of variable impedances responsive
to senSed.parameters; As used.herein,-sensediparameters
include process variabies'representative'of-a oroceSS
(i.e.. temperature, pressure, differential_ pressure,

.flow,' strain,' pH, etc.), reference ‘levels and

compensatlon varlables such as sensor temperature used:
to compensate other sensed varlables Exc1tatlon
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signals-are provided to impedance 22 by excitation input
circuitry 24 over the electrical connection 26. Other
-exc1tatlon 31gna1s could include optical, mechanical'
magnetlc, etc. Impedance 22 produces output. signals on -
output 27 in response to the exc1tat10n input signals
from excitation input 24.. The output 51gnals are
variable based upon the sensed parameters

In the present 1nventlon, 1mpedance element 22

'1nc1udes ~one or more separate variable 1mpedances -

coupled to dlfferent exc1tat10n s1gnals from exc1tatlon

- input 24. Each individual. 1mpedance provides an. output

s1gna1 to. conversion circuitry 28 which combines- and

-'dlgltlzes the signals into a single digital output

stream .Conversion 01rcu1try 28 provides an output on-
output line 30 to isolator 20 which electrically

isolates conversion c1rcu1try.28_ Isolator 20 reduces
ground loop noise in measurement of the sensed

parameters. Isolator 20 provides an isolated output on
line 32 to measurement circuitry 16. . Measurement
circuitry'16 transmits a representation.of the digitized

signal received from conversion circuitry 28 on loop 12.

In one embodiment, this representation is an analog
current_ level or a digital signal. In a preferred

" embodiment, measurement circuitry 16 receives - the

digital signal and recovers the 1nd1v1dual s1gnals
generated by the separate 1mpedances in impedance

- element 22. Llnes 26, 27, 30 and 32 may comprises any

suitable transmission medlum including electrical
conductors, fiber optics cables, pressure passage ways
or other coupling means. '

' Flgure 2 is a more detailed block dlagram of
transmitter 10 which shows transmltter 10 coupled to

control room circuitry 36 over two-wire process control'
"loop 12. Control room circuitxry 36 is modeled as. a
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resistor 36A and voltage source 36B. Current Ih.flOWS
from loop 12 through transmitter 10. ,
In the embodiment shown in Figure 2, sensor . 22

includes capac1tor pressure sensors 40H and 40L having

capacitance 'Cy and C, which respond to pressures P, and

"PL,_ respectlvely. . The capacitance Cy; and CL are -

representative of a sensed pressure of a process; for;
example. Capacitor 40L receives excitation input signal
S, over input lines 26 from input circuitry 24.

Capac1tor 40H recerves excitation input s1gna1 S, over S

input llnes 26 from 1nput circuitry 24. Capac1tors 40H
and 40L respons1vely generate output signals. OH and O,
on output lines 42H and 42L, respectively. Output llnes

42H and 42L are coupled together at a summing node 44

which_couples-to conversion circuitry 28 over line 27.
' Conversion  circuitry ~28. includes high

impedance input amplifier 46. . 1In one embodiment,

ampllfler 46 comprises. an . operatlonal ampllfler 48..

hav1ng negative feedback from an output terminal to an..

inverting -input: terminal through capacitor 50. The.non-,'
inverting.input of amplifier 48 is coupled to a chassis .
or earth electricallground 52. The invertingﬂinput-of
operaticnal amplifier PY: connects to Summing.ncde*44

- through line 27. The output frcm1 amplifier 46 is.

prov1ded to sigma-delta conversion c1rcu1try 54 which -
operates in accordance w1th. well known sigma-delta

conversion technlques ' For example, the artlcle__r
‘entitled "Theé Design of Sigma- -delta Modulation Analog-

to-Digital Converters" Bernhard E. Boser et al., IEEE

JOURNAL OF SOLID-STATE CIRCUITS Vol 23, No. 6, December o
e1988, pgs.-1298 -1308 describes design of s1gma -delta

converters. Sigma-delta conversion circuitry 54 should:

be constructed to have a sufficiently high sampling rate -

and resolution for the particular sensor used for 'sensor
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22 across the'-dynamic range of the sensor output.

Sigma-delta conversion circuitry 54 provides a bit-
stream output having a width of a single bit on line 30.
This digital output'contains'all of the information
necessary to d1g1tally represent the amplltude phase and
frequency of the input. SLgnal prov1ded by amplifier 46.
Excitation- signals S, and S, from”exc1tatronf

input - circuitry 24 'may be generated using - any

'approprlate technlque. ‘In the embodiment'shown; signals
=N and S, are generated using a dlgltal s:.gnal generator

60 whlch provides dlgltal s1gnal outputs D, and D, to a
digital to analog converter 62. Digital to analog

:converter 62 responsively generates analog signals S,

and S,. Generator 60 is coupled to conversion c1rcu1try.'
54 and prov1des clock s1gnal to circuitry 54. In one

'preferred embodiment, signals. S, and S, are sinusoidal

signals having a frequency'of'about 10 Hz"to about 100'
H, and a relative phase shift of 90°. In one

h embodiment, the output of 51gnal generator 60 1s
adjusted to compensate for manufacturlng process
variations in capacitors 40H and 40L. For example,g
phase; frequency, waveshape and amplitude"can_ be .

adjusted{ -Signal generator 60 reCeives clock and
communication signals thrOugh isolator 20B. The clock.ﬂ
51gnal is also used by power supply 61 to genexrate an
isolated supply voltage Vg; which powers circuitry 18.
Measurement ‘circuitry 16 includes a.
microprocessor/digital: signal processor 70 which

~ receives the output 'from._sigma-delta conversion

circuitry 54 through isolator 20A and decimating filter
72. Inione embodiment, the outpnt of filter 72 carried
on data bus 73 is 16 to 24 bits in width having 24 bits:
of resolution; Decimating filter 72 reformats' the

'single bit wide data stream on line 32_having a. lower
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data rate digital into a byte-wide data stream for use
by mlcroprocesscr 70. Mlcroprocessor/dlgltal 51gnal

-process:.ng c:chuJ.try 70 also receives - an 1nput from

'-1nput circuitry 24 whlch prov1des a reference s1gnal

relatlve to excitation input signals S, and S,.
M:Lcroprocessor 70 processes the dlgltlzed s1gna1 and
extracts - the signals generated from each of the
individual‘capacitcrs 40H and 40L. Typically, _the two
different s:.gnals are extracted using infcrmat.ion
indicat’ing the phase, frequency and 'ampli"tude of
'excitation signals D, and Dzl Microprccessor_ 70
calculates absolute pressure sensed by capac:Ltor 40H,
absolute pressure sensed by capac1tor 40L _-and__
differential pressure. M:Lcroprocessor 70 prov1des this

"1nformat10n to J.nput/output (x/0) c1rcu1try 74 over data
' bus 76. 1I/0 c1rcu1try 74 couples to processor control

loop 12 through terminals 14 and receives loop current

- I,. 1I/0 circuitry 74 generates a power supply voltage_ -
Vg for powerlng c1rcu1try 16 transmitter 10 from current

L. I_/O c1rcu1try 74 transmits _1nfor_mat10n related to.

sensed pressure to control room 36 over loop 12.

Transmission of this information is through control of
current I,, by d:.g:.tal transmn.ss:.on or by any’ sultable ,
transmission technique.

F:Lgure 3 is a vector dJ.agram 51gnals OH, O,

~and Ou+0,. - Figure 3 shows the combination of Ou+0,’

generated by the analog summation at summing node 44.
The individual signals Oy and O, can be recovered 'by
determining amplitude at +45° and -45°, respec-tively.
This allows the pre'ss_ur-e.s" P,,'and_ P, sensed by capacitors
40, and 40, to be determined. The phase shift of the

' combined 0,+0, signal, 6, can be measured in the time

domain in order to determine Py-P, with maximum_a_ccuracy _

“and resolution.
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The technique shown in’ Figure 2 is useful for
transmitting a number of different channels -of
'information across a single isolator in a transmitter
For example, the sensor - circuitry of a transmitter may
measure any sensed parameter such as differential
pressure, absolute pressures, change in temperature,3
absolute temperature and sensor temperature' Additional'
parameters are used to compensate differential pressure
and absolute pressure readlngs . In the present _
1nventlon,-cupac1tor sensors may be employed for all_
channels of. information and excited using s1gnals of
dlfferlng__frequenc1es, phases, amplitudes, or wave
shapes. Outputs ofithese capacitor sensors are summed
in the analog domain_and.digitized using an analog to.
digital converter. The digital signal = is then
transmltter across the isolator to the measurement
c1rcu1try where the 1nd1v1dual 51gnals are identified
using digital signal proce551ng These s1gnals may be -

‘compensated and used in. computatlons' prior to

transmission over the process control loop. The digital

'signal processing computes the amplitude and phase of

each frequency component. For example, digital=filters,

smay be employed to separate the 81gnals - The outputs

can be further processed to measure ampl;:.tude and phase. '
A discrete fourler'transforulDFT.lmplemented.w;th a fast
fourier transform FFT may be used to provide a spectrum

of the signal' which is examined to determine the

magnitude of the individual ' signals at desired

frequencies. In one embodiment, analog filters are used

to recover the individual signals, “however, analog
fllters may have limited resolution. '

In one embodlment exc1tat10n s1gnals are
signals of different frequencies generated relative: to

‘the frequency of ‘a system clock. Digital signal
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process:.ng c1rcu1try uses the clock sign'al' as a
reference to identify signals generated in response to
the different excitation signals. In-other embodlmer_lts,-

- differing phases or amplitudes of the excitation signals

F:Lgure 4 is a s1mp11f1ed electr1ca1 dJ.agram of

' sensor circuitry. 150 .in accordance with ‘another .

embodiment . _ Sensor ' circuitry 150 -:anludes- capacitor

_'sensor's 152, 154, 156, 158 and 160. Capac1tor sensor
152 measures pressure P,,. capac1tor sensor 154 measures
' pressure P, and the combination of ‘sensors 156 and . 158

measure pressures_ P, -.B,. Capacitor sensor 180
provides a calibration' cap’acitance which - 1s.used to
calibrate the system and measure system 'er-re.rs;__'
Variable resistances 162 and 164 very in respthe.'to.
temperatures T, -and T, and are coupled to the non-
inv_erting ihput of dperational amplifier 166 which is

.co'nnected with negative feedbac‘k and provi_des a buffer';_ )

The output of amplifier 166 is. connected to capacitor
168. Variable impedances 152 through 164 are connected .

'to signal sources 172, 174, 176, 178, 180-and 182 which

provide excitation signals e,, ‘e, €, €4 es .and e,
respectively. Figure 4 also shows the waveforms of

‘signals e, through e; adjacent each signal generator_l‘?z' =

through 182. Signal e, has a frequency of f, and 0° of
phase shift. Signals e, and e; are also at a frequency
f, but shifted 180° and 90°, respec_tiveiy, in phase.
Signal e, is at a second frequency £, w_hicﬁh is shown in
the example as being equal to f£,/2. -Sign‘als es and eg.
are shown at a thJ.rd frequency £, wh:Lch is shown as
-2Xf1. ~ Signal e, is shifted 180° relative to es- In

'.embodiments in which the excitation signals are 180° .
'apart s1gna1 processing circuitry will not be able to

1solate the. :|.nd:|.v1dua1 excitation s:.gnals.
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Outputs from capacitors 152 through 160 and.'
168 are connected to summing node 170 at the 1nvert1ng'
lnput of amplifier 184. Amplifier 184 is shown as

' operational amplifier 186 having negative feedback

through an integrating capacitor 188 given as:

--2;;5552.. o .' i - p y Eq-'1i

Vour c,

where: e, excitation signals from 172-182;

Cp = capac1tor values 152-160 and 168; and.
C;.
Ampllfler 184 prov1des an output to analog to digital

capacitor value of 188.

converter 190 which is representative of a summation of
the outputs from capacitors 152 through 160 and 168. l

_ emperature is sensed by res1stors 162 and 164
wh1ch vary in res1stance in response to temperatures T,
and T,. Re91stors 162 and 164 selectlvely weight
51gnals es and e¢ in a mixing operatlon and prov1de the

" mixed s1gnals to capac1tor 168 through ampllfler 166.
-Dlgltal s1gna1 process1ng'c1rcu1try (not. shown in Figure
4) identifies outputs from capacitors 152 through 160'

and 168 -and determines pressures P,, P, P, - P;,_'

reference capacitance C; and differential temperature

T,-T,. All of these are representative of sensed
parameters. In one embodiment, the sensed parameter C,
which is representative_of'a reference capacitance'is.
used to compensate and determine errors in other
measurements o - _
_ Although the example ‘in Flgure 4 shows' sine
waves - at integral . frequency multlples, ~ other

- non sinusoidal-signals could be used and signals which
_are non- 1ntegral frequency multlples,'aperlodlc random
-jor'pseudorandom, band.llmlted.or any desired comblnatlon
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may be employed. Non-sinusoidal .signal_s could be used
to generate linear, non linear or logarithmic phase
outpiits. : .Amplitudes, frequency ‘or phase  of the

- excitation signals could be contr_cll_ed as a function of

sensed parameters to generate desired transfer
functions. Broadband deterministic or random excitation

' 51gnals can be used to increase immunity to narrow band

:Lnterferences. For example pseudo random sequences can
be used as exc1tat10n s:Lgnals‘ This would be a ‘code

3 division mult1plex1ng system 31m11ar to that used in the -

multluser communications systems (CDMA).

Determination of the sensed parameter may be
through any. appropr:Late signal process:Lng technlque
For example, the instantaneous frequency ~shift

associated with a change- in phase may be emploired to .

détect change in pressure. This is expressed with the

' following equations that hold true during the change_:

ae

fom=fm+ X mz
f(.four".fﬂx)dt'; KG | - . .'Eq-' 3
| (Eopr ~ £z dE -
A-P'o‘ce-f "_WK = Eq. 4

Where f,, is the frequency of the excitation signal, fuy
is the output from a capacitor semnsor K 1s a constant
and 6 is the phase: ‘shift. C is a constant of
proportionality which converts K-6 into change in

Distortions to sinusoidal 'si'.gn'als -may also be

. employed ‘as excitation signals and used to optimize
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'sens1t1v1ty' of the sensor circuitry. For example,

Figure SA shows a distorted sinusoidal signal and Flgure
SB shows'. the 81nu501da1 signal of 5A shifted 90° in.
phase. The dlstorted sine waves shown in Figures S5A and

5B increase the sensitivity'of the measurement circuitry

in the region of AP = 0 (i.e. Cy = Cu) . It is elsoﬂ .

possible to adjust the waveform -such . that there is a -
logarithmic relatlonshlp in the output s1gnal and the
analog to digital converter does not need as large a
dynamlc range., .

It is also possible to use a reference waveform
in the measurements. In this embodiment, Cy and CL-are
dr1ven.w1th excitation 51gnals which are 180° shifted in
phase. A reference capac1tor is driven w1th a waveform,
shlfted 90° relative to either of the waveforms used to

. drive C; and CL.' The resultlng output amplltude is as

follows:

_Amplitudé-d?ah-.z)2+ c: o . Eqg. 5

Where C; and C, are the capacitance values of the high

and low pressure sensors and C; is a reference

capacitance. In another embodlment, phase is measured

- twice per cycle to eliminate 1/f noise and zero offset

errors in zero crossing detectlon. . Zero offset errorsh
will add and subtract the same amount of phase shift to
the two signals and therefore cancel each other out.
The present 1nventlon overcomes a number of -
problems assoc1ated with the prlor art. For example,
one prior technlque uses time multiplexing which
increases the'possibility of-aliasing'noise and limits
the ability to adjust resolution versus response time of
the-conVersion circnitry{-. Using multiple enalogjto.

-digital converters increases power . consumption.-
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5j'Further,' the converters may interact with in

unpredictable ways and complicate isolation of the

sensor circuitry. In addition, using two converters to

- measure a dlfference 51gna1 doubles the errorlnagnltude

The present ‘invention uses a low power technlque by

'utlllzlng a large portion of the avallable band width of

the analog to dlgltal converter, partlcularly a s1gma-'
delta converter. Fewer parts are requlred because only

. a s1ngle converter is utilized. Interact;ons_between.
various components are minimized and are more

predlctable. Aliasing is 11m1ted because - all of . the
sensed ‘parameters can be monitored at the high sampllng
frequency of a 51gma -delta converter and ant1a11as1ng
digital filters can be 1ncorporated - before the
mlcroprocessor samples the sensor output.

Variations on the particular 1mplementatlon set

'forth herein are cons1dered within the scope of the '
'1nvent10n For example, any or ‘all of the functlons may";

be 1mplemented in analog or dlgltal c1rcu1try such as
signal generatlon, transm1351on. across an. 1solator,

" filtering, ,signal ~ processing, compensatlon,

transmission, etc. These technlques are well suited for
reducing noise during measurements, even if a 51ngle
sensed parameter is being - measured . Further, any
appropriate 1mplementatlon of the varlous features are
considered within the  scope of the invention. = The
generation of the'excitation signal may'be.through-other -
technlques than those disclosed. The particular
technique for summing the outputs from the 1mpedance
elements may be varied, ‘different types of filtexrs or
dlgltal to analog and analog to ‘digital converters may -
be employed Any'approprlate impedance or any number of

‘elements may be used hav1ng an impedance which varies in’

response_to a .sensed parameter may be employed Other
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techniques for detecting and ide’nti'f':yin'g. individual

sensor outputs may be used as well as _Q.ther---

synchronization or pqvi_ér' generation techniques. Signal
processing techniques such as fuzzy logic, neural
networks, etc. may .also be employed. Other signal
processing technigues 'such as lock-in amplifier

‘technology, implemen_ted in either digital or analog

technologies may also be employed. Lcck-in amplifiers
are well suited for identifying and isolating a signal

among other signals using a reference signal.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes

'_'may be rﬁade in form and detail without departing from .

the spirit and scope of the inVention.
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| WHAT IS Cl.AIMEl) IS:
1. A transmitter . 1n a process control. system,
comprlslng ' , _ _ _ _
1nput/output_ circuitry for couplinge'to: a
process control loop; - ' _ ) |
a first sensor hav1ng a flrst 1mpedance which
‘varles in response to a first: sensed
parameter, ' o '
- a second sensor having a second 1mpedance whlch:
varies in response to a second sensed'
- parameter, _ _
a first excitation AC - signal coupled to the
first sensor,n' v
a_second excitation AC s1gnal coupled to the”
"~ second sensor; ' -
a summing node coupled to outputs of the.first
 and second sensors combining the AC outputs'
‘of the first and second sensors; '
an analog to dlgltal converter coupled to the
summlng node providing a dlgltal output
representatlve of summed AC outputs from the
first and second sensors; and
_ dlgltal signal process1ng circuitry coupled to
.the output from the analog to d1g1ta1
- converter which processes the dlgltal output
and prov1des an output related to the first
and second  sensed parameter to- the
1nput/output c1rcu1try for transmlss1on over
the process control loop '
2. | The transmltter of claim 1 or 15 wherein the'
flrst sensor comprlses a capacitor.
-3. ‘The transmitter of claim 1 wherein_the first_and'
second excitation signals are phase shifted relative to
each other. |
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4, ‘The trahsmitter of clainrl wherein the first'and

second ex01tatlon signals are of different frequencies.
5. _ The transmltter of claim 1: 1nc1ud1ng
o a digital signal generator generating digital
first and second excitation signals; and.

a digital to analog converter coupled to the
first and second sensors converting ‘the’
digital.excitation signals into the first and
second exc1tatlon s1gna1s f. |

6. ~ The transmltter of clalm 1 whereln the - flrst
excitatlon signal comprlses a dlstorted gsine wave.
7. A transmltter in a process control. system,j
-comprlslng ' . N
1nput/output c:chuJ.try coupling to a process :
control loop for sending information over the
loop and receiving power from the loop to
.power the transmltter, ,
a sensor having a 1mpedance respon31ve to as
. sensed parameter; _
a'dlgltal signal generator generatlng a tlmei
‘varying excitation signal; ' _
a digital to analog converter converting.thef
digital excitation' signal to an analog
'exc1tatlon_ signal coupled to the sensor
thereby excxtlng the sensor to cause a sensor
output s1gna1 ' ' _
analog to dlgltal conversion c1rcu1try coupled -
to the sensor output and responsively
~ providing a digital sensor signal; and
- digital  sigmal processing circeitry
' synchronized with the ~digital -signal
generator for identifying and measurlng the -
sensor output signal and transmlttlng an-
output representative of the sensed parameter
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" over the process control loop using the.
_ input/output circuitry. '
8. The transmitter of claim 7 1nc1ud1ng multlple:
sensors and.multlple exc1tatlon 81gnals generated.by the
51gnal generator,
9. ~ The transmitter of claim 8 wherein the multlple
excitation. 31gnals have dlfferlng phases - _
10. A transmitter in a 'process control loop
compr1s1ng ' , ' T
a plurallty of sensors hav1ng a plurallty of
varlable impedances respon31ve to a plurallty
‘of sensed parameters; o
a plurallty-of exc1tat1en'signals:applied;to.
~ each of the pluraiity of senscrs causing a
plurality of sensor output 'signals;' the_
excitatien signals < generated . by signal
generatlng c1rcu1try, each of the exc1tatlon
"51gna1s hav1ng dlfferent waveforms,. )
a summed signal representatlve of a summatlon
. of the plurality of sensor output signals; _
signal proce331ng ‘circuitry -coupled to the .
summed signal hav1ng an output related to the
sensed parameters, and - '
output circuitry coupled to the process control
- 1oop'-and the signal preceseing 'circuitry
transmitting the'output related to the seneed'
'parameters"over the process control loop.



