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_CPEN SENSOR DI AGNOSTI C SYSTEM  FOR TEMPERATURE TRANSM TTER I N
A . PROCESS CONTROL SYSTEM BACKGROUND OF
THE | NVENTION 5 The present invention relates to transmtters
used in process woae9617systens. Mre specifically, the Pr PEFD596/08839

I nvention relates to a diagnostic techni que for I denti fying an open
sensor condition in a tenperature transmtter. 10 Process
control transmitters are used to TEasure process paraneters in a

process control system LQRLOC Ql.- ed transmtters_include a
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contr ol | oop, such as a 4-20 mA current | oqQ One exanpl e
parameter is tenperature whi chBAGK - the resistance

of an RTD (Resi stive Tenper ThepreBewtcihyention aledateal tedtrmn=il titltrat i num
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connection betweeR,  critter.

10 Process control transmitters are used to
measure process parameters in a process control system.
Microprocessor-based transmitters include a sensor, an -
analog-to-digital converter for converting an output
from a sensor into a digital format, a microprocessor

15 for compensating the digitized output and an output
circuit for transmitting the compensated output. .
Typically, this transmission is over a process control .
loop, such as a 4-20 mA current loop. One example
parameter is temperature which is sensed by measuring

20 the resistance of an RTD (Resistive Temperature Device),
also called a PRT (Platinum Resistance Thermometer)
sensor, or a voltage output of a thermocouple sensor.:

Temperature is measured by converting the
sensor output (resistance or wvoltage) to an output

25 indicative of temperature of the sensoxr. However, one
problem occurs when there is a loose connection between
the sensor and the input to the transmitter. The number
of sampling periods of the analog-to-digital conversion
is finite, and an intermittent open circuit can occur

30 during any of the sampling periods which is averaged out

. over the rest of the sampling periods, an intermittent
connection can be hidden within a sampling period.
. Thus, the system software cannot reliably detect an
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digital converter coupled to the sensor output. The
analog-to-digital converter provides a digitized output
related to the sensor output. A microprocessor coupled’
to the digitized output compensates the digitized output
and provides a temperature output. Comparison circuitry
compares the sensor output to a first threshold and
provides an inhibit signal to the microprocessor if the
sensoxr output is outside of the first threshold. In one
embodiment, the microprocessor recognizes the inhibit
signal as a fault and provides a warning output. A
second threshold can be used and the comparison:
circuitry determines whether the sensor output is within
the boundaries of the first and second thresholds. The
response time of the comparison circuitry is faster than
the response time of the analog-to-digital converter.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A is a block diagram of a temperature

transmitter connected to measure temperature with an RTD

sensor, in accordance with one embodiment.

Figure 1B is a block diagram, like Figure 1A,
of a temperature transmitter connected to measure
temperature with a thermocouple sensor.

Figure 2 is a flow chart showing steps
performed by a microprocessor in accordance with one
embodiment of the invention.



sensor output is outside of the first threshold. In one enbodi nent ,
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to neasure tenper bherkengpenatare sensqi:r Dfsmmmlﬁm@aam@mvadsm aner 10
i ncl udes open output upon detection of an open sensor condition.

Circuitry 12 is capable of detecting a momentary open

10 circuit condition having a duration which would

typically not be detectable by transmitter 10. This

information is used by transmitter 10 to diagnose an

open circuit condition. For example, a temperature

measurement ocbtained by transmitter 10 in which there is

1s a momentary open circuit can be ignored to avoid
inaccurate temperature measurements.

Transmitter 10 couples to process control loop

11 which provides pbwer to transmitter 10 and over which

information is transmitted and received. Transmitter 10

20 includes terminal block 14 having terminals 1 through 4

for coupling to, for example, an RTD temperature sensor

16 or a thermocouple temperature sensor 18 (shown in

Figure 1B). Figure 1A shows the electrical connections

to RTD 1s. Sensor 16 (and sensor 18) can be either

25 internal or external to transmitter 10. Transmitter 10

includes multiplexer 20 controlled by microprocessor 22

which is coupled to control loop 11 through input/ocutput

(£/0) circuitry 24. Multiplexer 20 multiplexes

appropriate sets of analog signals, including signals

30 from terminals 1 through 4, to positive and negative

inputs of differential amplifier 26, which connects to

high accuracy A/D converter 28. In one embodiment,

converter 28 has an accuracy of 17 bits and a conversion

rate of 14 samples/second. Memory 30 stores



5-sensor diagnostic circuitry 12, in accordance with the I nvention. As

descri bed below, circuitry 12 nonitors the tenperature sensor of
transmtter 10 and provides an out put upon detection of an open sensor
condi tion. Circuitry 12 is capable of detecting a nonentary open 10
icircuit conditi owo9wassaimg a duration which would typi peirhisodierksdde
‘detectable by transmitter 10. This I nformation is used by transmtter
10 to di agnose an open circuit condition. For exanple, a tenperature

measur enent obtained by transmtter 10 inWich there is 15 a nonent ary

open circuit can;fe. | ,gpoLed Log %%ioq'maf'oni GO UR L S BT ur?
nmeasur ement s. _ Transmtter L0 couples To Process ont?bl | oop
11 whi ch provi desVhéGEr QreXateAsmt t 8r sEeashddebeymigedchby clioghkord@tion is

transmtted and reagtyplexds s Mellbet i¥01 ¢ Oconmedtlanphier gk BbOoeke 14
having termnals 1 t

Rrough_4 f.or coupling.to, . for example,.ap, RTD
t enper at ur e sensoPOSIElv%Ga%‘? ‘%Fgr"ﬁé?ﬁo&&aﬁ%% %%r%eq%fﬁpglggﬁgﬁ?liglfﬁhovm
in Fi gur & 1BR6.Fi guPe rAfetenee t lresist@ndecaRpgondRctéamsles tédo RTD

16. Sensor 16 (apd18epseker 3o AR B8 BbhREELED in HehiB3| wOEnERTSIigl to
transmtter 10. Transmtte ncl udes _mul tipl exer .20 control |l ed by

10
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through 4, to _positiye and negative, | npyts "of differential a 1 fier
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enbodi ment , . vahuero£rtdfpdrasuze afcRTRCYSof 17 bits and a conversion
rate of 14 sanples/second. Menory 30 stores
v,
Rweur ™= ;mpw (Rrzrmos) - Equation 1
RREF

15 where:

Reernom = the nominal resistance of the reference:
resistance in ohms, and/or stored in
_ memory 30;
Verneur = voltage drop across the input; and
20 Virer = voltage drop across Reg,.

Current source 50 provides current I through sensor 16
(via terminals 1 and 4) and reference resistor 38.
Microprocessor 22 measures the voltage drop (Vprpyr)
across RTD 16 between terminals 2 and 3, and the voltage

25 drop (Vi) across resistor 38 with MUX 20. Rpgmen 18 @
calculation constant and is retrieved from memory 30.
In a four-wire resistance measurement such as this, the
voltage drop across the connections to terminals 2 and
3 is largely eliminated, since substantially all the

30 current flows between terminals 1 and 4, and has little
impact on the accuracy of the measurement. Rpyeor 1S
converted to temperature units with a loock-up table or
suitable equation stored in memory 30.



WD 96/ 39617 PCT/ US96/ 08839

-4- I nstructions and information for m croprocessor 22, whi ch
operates at a speed determ ned by cl ock 32. Mul ti pl exer 20 selectively
connects input pairs to the positive and negative inputs of
differential anpgiofde8es1zd  26. A reference resistance R Er1ys9sdss3e
couples to mul tiplexer 20 and is connected in series with RTD 16.

In operation,- transmtter 10 neasures tenperature of sensor 16 and
transmts a representation of tenpersaiure over control |oop 11.

Transmtter 10 10 enpl oys the follow ng equation to conpute the major
val ue of tenperature of RTPigere 1B shows transmitier) 10 ggnnggeed. to

Rlerr] = thadaguirBakenfeist e arih t tifermSuplec sensor 18 which
resi stance in ohns %nd/ or st

ed i . [RVARCIok
Verrle = vol fX§8§Pogf agf’gégg? hg"i’mt?cﬁ?\%s ZBemlnﬂr%??] arkd” 2.
vol tage drop acr dsdtRpdexr 20 couplesechmputm afe dOLprentifds ampdidaer [err]
Rﬂhgfggt‘oigggg %%6 to t{é&‘nﬁiﬁﬁQ%mzln{ﬂnﬂ 13 andpéyupadinetrowsca weditaker 38.
sur es eV age dr _ r RID 16
bet ween ter ni nal $e2°ZRHECS, (Vooree); A8 ?f@fﬁﬁ%‘g%& ?#%%Lfl\/‘f%rrxﬁ%ﬁ %c%?%s??
resistor 38 withsdJX 20. Rferr] is a cal cul ation constant and is
retrieved frommenory 30. prangmitter 10 measures the temperature of
thermocouple sensor 18 by determining the thermocouple
10 voltage Vg with the following equation: '

Ve = LVT;L-:Z—’(VM Equation 2
where:

15 Vecrwpor = the measured ifoltage across terminals 1
and 2 of terminal block 14 sensed by

amplifier 26;
Vocrer = the measured voltage generated by
voltage reference 36 as sensed by

20 amplifier 26;
Vocrerwon = a nominal value of voltage reference 36

stored in memory 30;
However, the junction between two dissimilar
metals formed at terminal 1 introduces a cold junction
25 error voltage proportional to the temperature of the
junction. The error voltage is sensed by measuring the
temperature of the junction at terminal 1 based upon the
resistance of a PRT (Platinum Resistance Thermometer)
sensor 34 and subsequently using a standard equation oxr
30 look-up table to determine the cold junction error
voltage. Resistance Rgyepr Of sensor 34 is measured
: using Equation 1 by applying a current I from with
current source 50.  Microprocessor 20 computes Vg
: according to Equation 2, then effectively subtracts



In a four-wire resi stance neasurenent such as this, the vol t age drop
across the connections to termnals 2 and 3is largely elimnated,
since substantially all the 30 current flows between termnals 1 and 4,
and has little I npact on the accuracy of the nmeasurenent. Rlerr] is

converted to tenpiRisye units with a | ook-up table or sui jtAbBe/08839
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PCT/ US96/ 08839 Figure 1B shows transmitter 10 connected
to measure tenperature with thernocoupée sensor 18 which creates a
voltage V[err] across termnals 1 and 2. . Miltiplexer 20 couples inputs
of differential aRqfif&ioms Vxe28Sindt aRniaPRIOPPIARE icokFppurabl® skows a

vol t age r ef er eqeastion.erTien &ﬁeCﬁanQOcMﬁéﬁhﬁmtsmp$ﬁﬁu@ufce
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with the follow ng equati odn the embodiments of dfigures 1A and 1B, open
5 sensor diagnostic circuitry 12 and current sources Ig,
I, and I, in accordance with the invention are shown.
Open sensor diagnostic circuitxry 12 includes comparator
60 having an inverting input coupled to the output of
differential amplifier 26 or to the outputs of
10 multiplexer 20, and a non-inverting input coupled to .
switch 62. Switch 62 selectively couples the non-
inverting input of comparator 60 to wvoltage reference
Vegry O Vigp, under control of microprocessor 22. The
output of comparator 60 is provided to exclusive OR
15 {XOR) gate 64. A second input to exclusive OR gate 64
is provided by microprocessor 22. The output of
exclusive OR gate 64 is provided to an input of latch
66. Latch 66 also includes a reset input connected to
microprocessor 22 and an output connected to
20 microprocessor 22.

In operation, an open sensor condition will
cause the output of amplifier 26 or the output of
multiplexer 20 to go outside of its normal operating
range due to current applied from current sources I, or

25 I,, either too high or too low. The direction of the
output variance depends upon the configuration of the
input circuitry as connected through multiplexer 20.
Sources I, and I; may be, for example, pull-up or pull-
down resistors. Microprocessor 22 controls the

30 connection between Vg, and Vg, and comparator 60.
Further, microprocessor 22 can invert the output of
comparator 60 using exclusive OR gate 64.

Depending upon the type of reading being taken
through multiplexer 20 and the direction of current



where: 15 V[err] = the neasured voltage across termnals 1

and 2 of term nal block 14 sensed by anplifier 26;
V[err] = the neasured voltage generated by

"vol tage reference 36 as sensed by 20 anplifier 26;

VMerr] = a nomwisbedgdsue of vol tage reference 36 PCT/US96/08839
-stored in nenory 30; However, the junction between two

di ssim |l ar netals formed at termnal 1 introduces a cold junction 25
error voltage proportional to the tenperatar-e of the " junction. The

error voltage is sensed by neasuring the ., tenperature of the junction
at termnal 1 bassgunges Ishel; and IpshicuoRrocHsserPR? iPipnagrammRdstet ance
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V[err] using an appnseri d¢ad| oisuppeabl exroran monitor voltage across
sensor terminals 1 and 3 to sense if sensor lead 3 is
open. Similarly, microprocessor 22 can monitor Viepper -

10 Or Voger. FOr exaniple, if, for any one sensor lead, an
open connection would cause the output of amplifier 26.
to go above a normal operating range, microprocessor 22
operates switch 62 to connect the appropriate reference
level to comparator 60. This would result in a sensor

15 open circuit condition causing the output of comparator
60 to go to a logic LOW. In one embodiment_:, the input
to exclusive OR gate 64 is set so that the exclusive OR
gate inverts the signal to a HIGH level to signal
microprocessor 22 of the sensor failure. In one

20 embodiment, microprocessor 22 also controls current
sources I, and I, and selectively couples them to
terminals 2 and 3, respectively, during a diagnostic
cycle.

Latch 66 1is connected to the output of

25 exclusive OR gate 64 and is used to latch the output of
exclusive OR gate 64.  For example, if the open sensor
or open sensor lead is a momentary "glitch" which occurs
during a period which is less than the sampling period
of analog-to-digital converter 28, the sensor failure

30 signal provided by gate 64 is latched in latch 66 and
provided to microprocessor 22. This signals
microprocessor 22 that there was an open sensor
condition during the sampling time period.



equation. Then the resulting conpensated tenperature of sensor 18 is

coupled to loop 11 via output circuitry 24. In the

enpodi ments of Figures 1A and 1B, open 5 sensor diagnostic circuitry 12
and current sources I[err], I[err] and I[err] in accordance with the

I nvention are shqmg Open sensor diagnostic circuitry 12 '98#“%?%&39
conpar at or . V|ng an inverting input coupled to the outpt

differenti al anpllfler 26 or to the outputs of 10 rmultiplexer 20, and a
non-inverting input coupled to Swi t ch-gi2. Switch 62 selectively
coupl es the non- I nverting input of conparator 60 to voltage reference

V[err] or V[err] Wideoprorrsstr 022 rpxrvigiescesgesel?sigiak to latch M of
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I[err] or 25  I[QErhyolkt {164 tRQcPér#zthéEsswozho}@onﬁIQfsdé&ﬁ?&ﬁOéhOJ the

out put variance depends upon fhe .co uration I nput circuitry
as connected thr oGGRAPST thhe é%?é‘r'lﬁertmg igpytced FPER3YALAT 6P 6P rhamay be,
for exanpl e, youl | voptage putéference domg,. I eSiNabar,s. m:.crﬁbsbﬁ@é@@esw 22

EUThar oo sSSORREL £ BRI 0, G ongiplrg ey °
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readi ng bei ng takesrminals WWWBH&.W Bllogrdi4 (> dhecthp@ts Af
‘current differential amplifier 26 at flow chart block 108. This

15 allows measurement of V. At control block 110,
microprocessor 22 resets latch 66. Vyppyry 1S measured at
block 112 by microprocessor 22 using analog-to-digital
converter 28. After obtaining Vg, microprocessor 22
observes the output of latch 66 at block 114. A HIGH

20 output from latch 66 indicates that the voltage across
terminals 2 and 3 of terminal block 14 exceeded a
predetermined maximum determined by Vg, during analog-
to-digital conversion by converter 28. If latch 66
provides a HIGH output, control is passed to block 116,

25 otherwise control is passed to block 118 where the
measurement of Vg, begins. Vegrz 18 connected to
comparator 60 by microprocessor 22 using switch 62. At
block 120, a logic LOW is provided to an input of
exclusive OR gate 64. )

30 Next, at block 122, microprocessor 22 controls
multiplexer 20 to measure Vg, which is the wvoltage
across resistor 38. At block 124, latch 66 is reset by
microprocessor 22 and microprocessor 22 reads Vi, from
analog-to-digital converter 28 at block 126. After
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-7- sources I[err], I[err] and I[err], mcroprocessor 22 is
progranmmed to recogni ze a readi ng which is outside of a nornmal
operating range. For exanmple, in Equation 1 m croprocessor 22

can nonitor the gRagRbayeNts V[err] or 5 "Verr]. Simlarly

o . ' PCT/USY96/0883

i croprocessor 22 can nonitor the vol tage across sensor termnals 19
and 2 to sense if sensor lead 2 is open, or can nonitor voltage across

sensor termnals 1 and 3 to sense if sensap.Jdead 3 is
Simlarly, mcroprocessor 22 can nonitor V[err] 10

open.

; or V[err]. For
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transmission, the process is repeated and control is
returned to block 102. In a similar manner also,
diagnostics are done periodically on leads 2 and 3 also
using I, and I, currents. Typically, all leads are
scanned every time a total sensor update occurs.

If the output of latch 66 indicates the
occurrence of an error, control is passed to block 116.
At block 116, the value obtained from analog-to-digital
converter 28 is discarded. At block 136, microprocessor
22 transmits a signal over loop 1l using IO circﬁitry 24
which indicates the occurrence of an error. Control is
then returned to block 102 and the process is repeated.

A monitor in the control room can monitor
operation of transmitter 10 and detect error signals
sent from transmitter 10. If transmitter 10 is
repeatedly sending error signals, the monitor in the
control room can use this information to alert an
operator that there is an open sensor condition at
transmitter 10. Additionally, if errors occur only
periodically, the operator can be notified that there
may be an impending problem with the- sensor in
transmitter 10. Intermittent errors can also be latched
in the microprocessor software to provide a continuous

alarm.



exclusive OR gate 64. For exanple, if the open sensor or open sensor

lead is a nonentary "glitch"” which occurs during a period which is

| ess- than the sanpling period of anal og-to-digital converter 28, the
sensor failure 30 si gnal provided by gate 64 is latched in Iatch 66 and
provided to m ssor Thi s signal s or
22 that there MW&%%Zn sensor condi.tion during t he ‘;&2%%%&1
time peri od. WO 96/ 39617
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provides a reset signal to latch 66 whi ch resets the output of latch
66. Fi gur e ZThe laokleoseismt coiecthion dgagpestic dior the of

m croprocessor ZZeHBo&E'nﬁe%bQ%‘ m%‘ﬂgu% FigUcBelltes® s ORI | @3 Ofha

m 22 t t d
30croprg(r:g;?8(r:ess |sSE J[] glgc% &P FI nsiruc |9LnsSZ%ore In mrstrmry
bl ock 102. Alempll. 1k, deng exfntiftie0 t@mparatirecont rol s switch 62 to

connect the nen- i nverting |ﬂpt{$ q_f gogggg&;%dGQYtgh(gQg %&Sn\é(yhg_g

reference V[err]. Next, 'mcroproces h™i nput to
excl usi ve OR gat ek, that Nhe oﬁllb’éléé’éﬁ}’ ?Etcoﬁ?F’é]Ps ¥ tthel eREﬁS% to
connect t er mifgkAt Lo ithyd bef mbak Fiedladhppiophiite I hEFopiampd,

d_i fferential anpl lmt.ﬂgﬁ.p]?g girct:\lx% C@@lﬁd tﬂeocé&pi%%dﬂéios simultanecusly

' detect if the output voltage is above or below certain -

10 thresholds. Further, more than two voltage references.
may be used. In another example, the voltage reference
could be controlled by the microprocessor using a
digital-to-analog converter such that the microprocessor
can independently select the wvoltage threshold.

15 Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention. For example, the .

20 comparison circuit can be connected at any appropriate
location, such as between the multiplexer and the
differential amplifier.



15 all ows neasurenent of V[err] | ock 110,
m croprocessor 22 resets Iatch I(lﬁﬂﬁiﬂ""m"ﬁ sured at bl ock 112 by
mcroprocessor 22 usi ng anal og-t« onverter 28. After

obt ai ni ng V[ err], m croprocessor observes the output of latch 66 at
‘block 114. A H Ghod@seamt put from I atch 66 indicates that the vakia&enssse

. acr oss termnals 2 and 3 of terminal block 14 exceeded a

" predet erm ned nmaxi num determ ned by V[err] during anal og- to-digital
conversion by converter 28. - If latch 66 -11- provides a H GH out put,
control is passed to block 116, 25 otherwi.se control is passed to block
118 where the WHAR 1S CIAIMEDZSer orr] begins. V[err] is connected to

conparator 60 by nicroprocesse:ﬁpé’faWélﬁr&%hE&&QinA& procells0génd2t a

| ogic LONiSs prov, o] 2] exclusive OR gate 64. 30

Next, "at bl ock 12§§€nenlic?opr cé‘%ﬁlﬁ 22 controls mul tiplexer 20 to
neasure V[err] which is thé &smpgyature mensor raensdingr BStempebitocte 124,
l'atch 66 is reset by M Cr OpPRAESEEVidihe? Als&h£6:0 RURERES Pb12Lel GaSIS
V[ err] from anal og-t o-di gltal convgréer 28tat bl ock 126. After

WO 96/ 39617 emperaturBéT/ Us9e/ 08839

-9- reading V[err], aRcA4Prersstierzovbied s thiee sensputowtfput

latch 66 at block 128. |f the pabghapadPataigitikeld cutput related to
the sensor output;
a microprocessor coupled to " the digitized
output which compensates and processes
the digitized output and provides a
temperature output; and
comparison circuitry which compares the
sensor output to a first threshold and
provides an inhibit signal to the
microprocessor if the sensor output is
outside of the first threshold.
2. The temperature transmitter of claim 1 wherein
the sensor output includes a plurality of éensor leads
which are individually coupled to the comparison
circuitry through a multiplexer.
3. The temperature transmitter of claim 1 wherein
the comparison circuitry compares the sensor output to
a second threshold and provides the inhibit signal if
the sensor output is outside the first and second
thresholds.
4. The temperature transmitter of claim 2
including a switch connected to the first and second
thresholds and an input to the comparison circuitry
connecting the first or second thresholds to the
comparison circuitry input in response to a control
signal from the microprocessor.



m cr oprocessor 22 determ nes that Fﬁ m{! as occurred and control is

passed to block 116. |If thﬁmm ror, control noves to block
130 .where Rferr] is Hecor dance with Equation 1. At

bl'lock 132, “Rerr] 1is converted to tenperature by neans of an
~algorithmor a lwelems1?able stored in menory 30 and its PEIrUS96/68839
transmitted at block 134. Fol | ow ng 10 transm ssion, the
process is repeated and control is returned to bl ock 102. In a
; gl rr} | ar manner al s?[ dijagnost i cs ar42aone periodically on | eads 2 and
: al so usin err] and I[err] currents. Typi cal_|
scanned every tlsgre a tO][ aIT%ﬁéWeF]ﬁﬁHFet t%g°§ cldin %lehelr%%gtshgre

out put of | at cheifed niikdicprbeessbheis coupmeduttdsa'theinh:.hmtesxgna,l andt rol is

Bnal0g- Lo-di gi t 5 it ki BRRT ) iriba g RES EUpQPLARE Lderai®.

m croprocessor 6. 22 t r Shentemperatiuyesfrananijtagpot ciadmy Wherﬁllncwtry
r24€lt 3?nedw'[” CB| I r'&éiéi%%ﬁ\%agﬂgoﬁcéﬂ‘dtﬁ&&? 10ds ANEREEEF .respotiseotines than then
in the cont)rol O(r:%o'?ﬁst,pﬁa‘r%?bt qfe“gprgcgﬁecé@ olgg,%tg ftransmtter 10 a'rbt\dmdjglt tegt
error signals 7. sent flhentempematiurectrangnitten ofiglaimiwhereiny s 25

nge?t]?gl ?/nfsgp(rjr:att BrCs aal e Elrdi rr"lﬂc'(tmde'%htahepalarlworﬁomdrd:"Oom an
erat or
condition at ~ PRYG q%ec%&velym?e[gt&?% Iy ehe aEm#.E]S{E ot PPET BENSOT

diti errors occur only
periodi cal |y, th&. oper at ofTheahelpexaire; euammtttqrepé Gpim fyghenedn gn

i mpendi ng probl'%qg V\?Bilar}_@f SeBfftol | Ninput t ansgblpeed10tol Ntt@iegm ttent
errors can al so | a in the mcroprocessor software to provide a
conti nuous BiGHQRTOCESSOr . '

9. The temperature transmitter of claim -1
including output circuitry coupled to a two-wire process
control loop which transmits the temperature output on
the process control loop.
10. The temperature transmitter of claim 1 wherein
the sensor is an RTD.
11. The temperature transmitter of claim 1 wherein
the sensor is a thermocouple.
12. The temperature transmitter of cla:l.m 1 wherein
the microprocessor is coupled to the inhibit signal and
responsively provides a diagnostic output.
13. A method of measuring temperature of a process
in a process control system, comprising the steps of:
obtaining a sensor input related to
temperature of the process;
providing a digitized output related to the
sensor output;
compensating the digitized output and
providing a compensated output
indicative of temperature of the

process;
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-10- The | ooiﬂmﬂﬂumnﬂwlﬁmr on di agnostic for the
enbodi ment of Figure 1B oper : RN OIR hat descri bed above for
Figure 1A, and Equations 2 and 3 are enpl oyed to determ ne

tenperature. 5 wo 9639617 It will be recognized by those skil 'F@wbEbsPo?&B
y be

art“that the <circuitry set forth in the present I nvention ma
nodi fied as appropriate. For exanple,  multiple circuits could be
enpl oyed to sinultaneously detect if -itBe out put voltage is above or

bel ow certain 10 thresholds. Further, nore_than two vol tage references
may be used. |n another exsfWRRTringe ¢bpt aftrstef sepfer inputcomtighpea
controlled by the m croprocessorchisishdld; and digital -to-anal og converter

such that the m croprocessq . s:.Ccan_independent | v..sel e t he vol e
Chreshord. 15 A Do han " SR Pl L bRfta ipor L8]
described with reference to prefcampaisebaedi nents, workers skilled in

the arj will recogai.ze thatTkdandaiod of ARAMELITBIR1LBIHE AnBREidehgi |
wi t hout departing

example, ‘the 20 o5RBarPERSRaAtAAPREpE £ ReHHARRECke Abe A Ao POBRRAL o
‘location, such aslBetween tThe method efecland 1heincludidghf erenti al
anplifier. comparing the sensor input with a second
threshold; and
providing the error signal based upon the
comparison with the second threshold.
16. The method of claim 13 including adjusting the
first threshold based upon a type of sensor which
provides the sensor input.
17. The method of claim 13 wherein the step of
comparing is faster than the step of providing the
digitized output.

i8. The method of claim 13 including transmitting
the compensated output over a two-wire process control
loop.

19. The method of claim 13 including selectively

inverting the polarity of the error signal.

20. The method of claim 13 wherein the sensor
input includes a plurality of sensor leads, the method
including individually comparing a sensor input from
each sensor lead with a threshold.

21. The method of claim 13 including providing a
diagnostic output in response to the error signal.
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CLAIMED | S: 1. A tenperature transmtter in a process control system
conpri si ng: a tenperature sensor sensing a tenperature

and providing a sensor output related to a sensed

t enperat ure; wo 9639612N A/ D converter coupled to the sensor egdirusbe/ossso
providing a digitized output related to : t he sensor output;

a mcroprocessor coupled to the digitized 1/3 out put whi ch
conpensat es and processes the digitized output and provides
a tenperature output; and . conparison circuitry

whi ch conpares the sensor output to a first threshold and
provides an inhibit gignal to the - m crioprocessor if the

sensor output is outside of the first threshold. 2.
The tenperature tr Lnrtter of claim 1l wherein the sensor output includes a

plurality of sensor | eads which are i ndi vidual |y coypl ed to the conparison
circuitry throgg nuIP+pIexer ) The tenperature transmtter of

cl ai m*1 mherein arison crrcurtry conpares t sepgsor output to a
second threshol and rovrdes the inhibit signal ifZ sensor output is
out si de the fir second t hreshol ds.

——
I
|

d

24
;
1/0
il
30
7
< MEMORY
1
!
|
b
|

32
cLock

1. i
X |
- |
= 0 1
(e io-a BN EMWESE.
L—— — <+ Om o - .
s Jg&» “S




4. The tenperature transmtter of claim 2 including a switch
connected to the first and second thresholds and an input to the conpari son
cirguitry connecting the first or second thresholds to the conparison
circuitry input in response to a control signal fromthe m croprocessar.
WD 96/ 39617 - wo96/39617 ' PCT/ US96/ 008 3PCT/US96/08839
-12- 5. The tenperature transmtter of claim1l wherein the

m croprocessor is coupled to the inhibit #B3gnal and the inhibit signal
inhibits the tenperature output. 6. The tenperature transmtter of
claim1 wherein the conparison circuitry has a faster response tinme than a
response tine of the D converter. 7. The tenperature transmtter
of claim1l wherein LhF conparison circuitry includes d polarity contro

i nput for selectivelly inverting the inhibit output. 8] The
tenperature trafAsmt br ot claim7 wherein the poliJ:qy control input is
coupled to the yncr ogessor. 9. The tenperlature~— transmtter of
claim 1 includiing ougput circuitry coupled to at i€ process control

| oop ®hich trandmits fhe tenperature output on the prd€ess control | oop.
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10. The tenperature transmtter of claim1l wherein the sensor is an
RTD. 11. The tenperature transmtter of claim1l wherein the sensor is
. a thernocouple. 12. The tenperature transmtter of claiml wherein

| the microprocessor is coupled to the inhibit signal and responsively

. provi des a di agweodszss19ut put. 13. A net hod of neasuri ng RCIMISIS/O8888 €
- of *a process in a process control system ﬁpnpr|31ng the steps of:
obtaining a sensor I nput rel at ed ? t enper at ure of
t he process; providing a digitized output related to the
sensor out put; SoHP i zed —output and
provi di ng a COWPMWCRREF% 102 i ndicative _.of
 tenperature of 4hBeoal 2,RoalL3s ORY, 30 WO 96/ 39809 .
L - 13- conpmrrﬁggihe— ith a
' threshol d; and arovisling an err S|gnaha$ased upon
ng i nhi tlng

- conparison. 14. | CONNEET COMPRRATORGETO 13 ioet
f VR§F1LEHNG SWITCH 62

PROVIDE LOGIC LOW INPUT TO 1108
. EXCLUSIVE OR GATE 64
4

CONNECT MULTPLEXER 20 TOMEASLRE |20
- VRINPUT{TERMINALS 2AND 3) 'Esﬁggh 2
— 1

RESET LATCH66 +—'°
T .
OBTAIN VnpyT FROMA/D CONVERTER 28

™

N4 (A
&6 T S NO
e HIGH

YES - 120
CONNECT COVPARATOR 60 TOVREF2 | / e

PROVIDE LOWINPUT TO EXCLUSIVE ORGATE 64
CONNECT MULTIPLEXER 20 TOMEASURE VREF2

(VOLTAGE ACROSS RESISTER 38)
T
RESETLATCH 66 124
t 125 -
OBTAIN Vrrer FROM A/D CONVERTER 28 | !}IB
: 4
- 128 DISCARD MEASUREMENT
HIGH
: v 130 {TRANSMIT ERROR CONDITION
i TO CONTROL ROOM
, CALCULATE RINUT USING EQUATION |
OONVERT RNPUT TO TEMPERATURE TO 102
)

TRANSMIT TEMPERATURE |~—134

| o
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t he conpensated output in response to the error signal. 15, The net hod
of claim 13 including: R conparing the sensor input with a second

t hr éshol d; and provi ding the error signal based upon t he
conparlson with the second threshold. 16. The net hod of cl EEERS

i n¢l udi ng adjustlng the first threshold based upon a type of se ﬁ{ f

provi des the sens "Fput. 17.WORLDE - ;
e ot v Brteddfbihs ADAci iy i bt ol e iy
t Wo-W re cpnmmmemammmﬁ-lg Tmnmmmmmma i ncl Wi

sel ecti vel y goakenos, n500 he pol arity of {tAe|error signal The nethod
of clain] 13 wherein the sensor input ilnclu %?ﬁ&F%FB??%W‘QH“ s &HRg5qmbyr 1996 d2.12.96)

t he met hpd 1 ncl udi ng |nd|V|duaIIy conpar i a sensor _input fromdgeagh sensor
Lo fppfacon Number fﬁ&ﬁﬁ@f s B T Sy
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(S7) Abstract

A temperature transmitter (10) in a process control system includes a temperature sensor (16, 18) which senses temperatuore and
provides a sensor output related to sensed temperature. An annlog-m—dlgiml converter (28) coupled to the sensor output provides a digitized
output related to the sensor output. A microprocessor (22) receives the digitized output, compensates the digitized output and provides a
temperature output. Comparison cnrcmtry (12) compares the sensor output to a first threshold Vrer: and provides an inhibit signal to the
microprocessor (22) if the sensor is outside of the first threshold VrEr:.




